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the Editors, and this decision is then conveyed to the authors.
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the research was carried out; (c) a running title of no more than 50 letters; (d)
acknowledgments; (e) the name and full postal address of the author to whom correspondence regarding the manuscript as well as requests for abstracts should be sent;
(f) three to five key words. To accelerate communication, phone, fax number and email address of the corresponding author should also be included. All persons designated as authors should qualify for authorship: for details about this please see the
criteria listed at URL: http://www.icmje.org. Each author should have participated sufficiently in the work to take public responsibility for the content. Authorship credit
should be based only on substantial contributions to (a) conception and design, or
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and methods, results, interpretation and conclusions.
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the January issue of Index Medicus. List all authors when six or fewer; when seven or
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of the third annual meeting of the International Society for Experimental Hematology. Houston: International Society for Experimental Hematology, 1974:44-6.

For any additional information,
the scientific staff of haematologica
can be reached through:
haematologica, Strada Nuova 134,
27100 Pavia, Italy.
Tel. +39.0382.531182
Fax +39.0382.27721
e-mail: office@haematologica.ws
web: http://www.haematologica.ws
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TIME SCHEDULE
DOMENICA 15 SETTEMBRE 2002
16,30

Apertura dei lavori - Saluti delle Autorità

17,00

TAVOLA ROTONDA
Formazione scientifica, ricerca clinica
e medicina basata sull’evidenza

18,30

SIMPOSIO
Citometria e leucemie acute:
aspetti clinici e biologici

19,30

Cocktail inaugurale

SALA PLENARIA

LUNEDÌ 16 SETTEMBRE 2002
08,30

2

SESSIONE PLENARIA
Genomica e post genomica in ematologia

SALA PLENARIA

10,30

SIMPOSIO
Fattori di crescita in oncoematologia:
uso appropriato e prospettive future

SALA PLENARIA

11,45

SIMPOSIO SIES-GITMO
Immunologia dei trapianti

SALA A

COMUNICAZIONI ORALI
Cellule staminali

SALA B

COMUNICAZIONI ORALI
Biologia delle cellule emopoietiche

SALA D

13,45

Lunch

14,15

SESSIONE POSTER

14,45

SESSIONI SIMULTANEE
Ematologia non neoplastica

SALA A

Patologie da alterata conformazione proteica

SALA B

COMUNICAZIONI ORALI
Leucemie Mieloidi I

SALA D

16,30

LETTURA
Anticorpi Anti-CD20: meccanismi d’azione

17,00

SESSIONE PLENARIA
Virus in ematologia

18,30

SIMPOSIO
La terapia delle sindromi linfoproliferative:
presente e futuro

SALA PLENARIA

SALA PLENARIA
SALA PLENARIA

MARTEDÌ 17 SETTEMBRE 2002
08,30

10,30

SESSIONI SIMULTANEE
Trombosi ed emostasi

SALA A

Multipotenzialità delle staminali

SALA B

COMUNICAZIONI ORALI
Mielomi e sindromi linfoproliferative

SALA D

SESSIONI SIMULTANEE – COMUNICAZIONI ORALI
Sindromi mieloproliferative

SALA A

Leucemie linfoidi

SALA B

Leucemie mieloidi II

SALA C

Linfomi

SALA D

12,45

SIMPOSIO
Approcci terapeutici mirati:
dalla ricerca di laboratorio alla clinica

SALA PLENARIA

14,15

SESSIONE POSTERS

15,00

SESSIONE PLENARIA
Nuovi bersagli per nuovi farmaci

16,45

Presentazioni e premiazioni dei migliori posters
e comunicazioni orali
Assemblea dei soci

SALA PLENARIA
SALA PLENARIA
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DOMENICA

16,30
17,00

4

18,30-19,30

19,30

15

SETTEMBRE

2002

APERTURA DEI LAVORI-SALUTI DELLE AUTORITÀ
TAVOLA ROTONDA
SALA PLENARIA
FORMAZIONE SCIENTIFICA, RICERCA CLINICA
E MEDICINA BASATA SULL’EVIDENZA
Moderatori: M. Baccarani (Bologna)
G. Torelli (Modena)
Relatori/Discussants: U. Muscatello (Modena)
T. Barbui (Bergamo)
A. Liberati (Modena)
SIMPOSIO
SALA PLENARIA
CITOMETRIA E LEUCEMIE ACUTE:
ASPETTI CLINICI E BIOLOGICI
Moderatori: S. Amadori (Roma)
M. Geuna (Torino)
•Vecchi e nuovi marcatori nella diagnosi
delle leucemie acute mieloidi
A. Tabilio (Perugia)
•Apoptosi in citofluorimetria nelle leucemie
acute: rilevanza biologica e clinica
G. Del Poeta (Roma)
•Citometria a flusso per lo studio della MRD
nelle leucemie acute linfoidi
M. Krampera (Verona)
Cocktail inaugurale

LUNEDÌ

8,00
8,30-10,30

10,30-11,30

16

SETTEMBRE

2002

Apertura della Segreteria
SESSIONE PLENARIA
SALA PLENARIA
GENOMICA E POST-GENOMICA IN EMATOLOGIA
Moderatori: A. Pileri (Torino), U. Torelli (Modena)
•Alterazioni della cromatina nelle leucosi acute
P.G. Pelicci (Milano)
•Verso una classificazione genomica dei disordini
linfoproliferativi?
R. Foà (Roma)
•Nuove molecole dei linfociti B identificate da
anticorpi monoclonali
B. Falini (Perugia)
SIMPOSIO
SALA PLENARIA
FATTORI DI CRESCITA IN ONCOEMATOLOGIA:
USO APPROPRIATO E PROSPETTIVE FUTURE
Moderatori: E. Morra (Milano), S. Amadori (Roma)
•Eritropoietina nelle malattie linfoproliferative
A. Grossi (Firenze)
•G-CSF nei linfomi non Hodgkin dell’anziano
P.L. Zinzani (Bologna)
•EPO e G-CSF nelle mielodisplasie
P. Musto (S. Giovanni Rotondo)
•G-CSF e cellule staminali
C. Tarella (Torino)
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11,30-11,45
11,45-13,45
Sala A

6

Break

SIMPOSIO SIES-GITMO
IMMUNOLOGIA DEI TRAPIANTI
Moderatori: A. Bosi (Firenze),
M.F. Martelli (Perugia)
•Il trapianto allogenico nei tumori solidi
M. Bregni (Milano)
•Protocolli GITMO ad intensità ridotta
P. Corradini (Milano)
•Trial clinico randomizzato BM vs PB nelle
leucemie mieloidi acute in prima remissione
G. Meloni (Roma)
•Protocolli prospettici GITMO nel trapianto MUD
F. Locatelli (Pavia)

Sala B

COMUNICAZIONI ORALI:
CELLULE STAMINALI

Sala D

COMUNICAZIONI ORALI:
BIOLOGIA DELLE CELLULE EMOPOIETICHE

13,45-14,45
14,15-15,00

Lunch

SESSIONE POSTERS

14,45-16,15
Sala A

Sala B

Sala D

16,15-16,30

SESSIONI SIMULTANEE
EMATOLOGIA NON NEOPLASTICA
Moderatori: B. Rotoli (Napoli), G. Castoldi (Ferrara)
•Basi molecolari delle anemie sideroblastiche
M. Cazzola (Pavia)
•Genetica molecolare della emocromatosi
A. Pietrangelo (Modena)
•La malattia linfoproliferativa dei linfociti
granulati: dalla biologia alla clinica
G. Semenzato (Padova)
PATOLOGIE DA ALTERATA CONFORMAZIONE
PROTEICA
Moderatori: P. Rossi Ferrini (Firenze),
M. Boccadoro (Torino)
•Le patologie da alterata conformazione proteica:
perché interessano l'ematologo
G. Merlini (Pavia)
•Amiloidosi da catene leggere immunoglobuliniche:
biologia del clone
V. Perfetti (Pavia)
•Prioni e trasfusioni
M. Ceroni (Pavia)
COMUNICAZIONI ORALI:
LEUCEMIE MIELOIDI I

Break
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16,30-17,00

17,00-18,30

8

18,30-19,30

LETTURA
SALA PLENARIA
ANTICORPI ANTI-CD20: MECCANISMI D'AZIONE
M. Introna (Milano)
Introduce: V. Liso (Bari)

SESSIONE PLENARIA
SALA PLENARIA
VIRUS IN EMATOLOGIA
Moderatori: S. Tura (Bologna), G. Torelli (Modena)
•Meccanismi di induzione della proliferazione di
cellule emopoietiche da parte di virus
M. Luppi (Modena)
•Meccanismi patogenetici dell’infezione da
HHV-6 e HHV-7
P. Lusso (Milano)
•HCV e crioglobulinemia mista: nuove prospettive
S. De Vita (Udine)

SIMPOSIO
SALA PLENARIA
LA TERAPIA DELLE SINDROMI
LINFOPROLIFERATIVE: PRESENTE E FUTURO
Moderatore: S. Sacchi (Modena)
•Fludarabina orale nelle sindromi linfoproliferative
P.L. Zinzani (Bologna)
•CAMPATH nella strategia terapeutica della
leucemia linfatica cronica
M. Montillo (Milano)
•Possibile ruolo di Zevalin nei linfomi ad alto
grado di malignità
G. Martinelli (Milano)
•Aspetti psico-oncologici in emato-oncologia
L. Amodeo (Torino)

MARTEDÌ

8,00
8,30-10,15
Sala A

17

SETTEMBRE

2002

Apertura della Segreteria

SESSIONI SIMULTANEE
TROMBOSI ED EMOSTASI
Moderatori: F. Violi (Roma), F. Rodeghiero (Vicenza)
•Proprietà anti-trombotiche dei retinoidi:
dalle leucemie ai tumori solidi
A. Falanga (Bergamo)
•Complessità genotipica e fenotipica della
carenza congenita di fattore VII:
analisi di oltre 500 casi
G. Mariani (Palermo)
•Marcatori molecolari e clinici per una corretta
diagnosi dei vari tipi di malattia di Willebrand
A. Federici (Milano)
•La trombofilia ereditaria: un modello di disordine
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APOPTOSIS AND FLOW CYTOMETRY IN ACUTE LEUKEMIAS: BIOLOGICAL
AND CLINICAL RELEVANCE
Del Poeta G, Del Principe MI, Venditti A, Maurillo L,
Buccisano F, Tamburini A, Bruno A, Cox MC, Amadori S
Department of Hematology, University “Tor Vergata”,
St. Eugenio Hospital, Rome, Italy
Acute myeloid leukemia and adult acute lymphocytic leukemia
are aggressive diseases with generally poor prognoses. The primary cause of treatment failure is the emergence of multidrug
resistance. Common mechanisms of resistance disease are
defects in apoptotic pathways. Some genes are reported to govern the initial phase of apoptosis, such as the bcl-2 gene family that is supposed to protect cells against apoptosis by opposing the effect of the bax gene family. Defects in the apoptosis
pathways render leukemic cells resistant to multiagent chemotherapy and specific blocks in the receptor-mediated (Fas) and
mitochondrial-mediated (bcl-2, bax) pathways might translate
clinically into reduced remission rates and reduced overall survival (OS).1 Among proteins that modulate apoptosis there are
anti-apoptotic (bcl-xl, bcl-2, mcl-1) and pro-apoptotic (bax, bad
and bak) mitochondrial proteins and Fas (CD95), which induces
apoptosis in susceptible cells bound by Fas ligand. The quantitative determination of these proteins by flow cytometry might
be a very useful tool to predict the clinical response to apoptosis inducing drugs. We determined bax/bcl-2 ratio in 255 AML
samples by flow cytometry and we found that lower bax/bcl-2
ratio was significantly correlated with immaturity (FAB M0-M1,
high CD34 expression and high c-kit). A significant higher complete remission (CR) rate was found in patients with higher
bax/bcl2 ratio (82% vs 45%; p=0.00001). Also OS was significantly longer in pts with higher bax/bcl2 ratio levels (19% vs 0%
at 4 years; p=0.001). On the other hand, no significant correlation was found between CD95 mean fluorescence intensity (MFI)
and CR rate or OS. Therefore, defects in the mitochondrial-mediated pathway of apoptosis induce multidrug resistance and confer important prognostic information,2 while the receptor-mediated pathway seems to show no clinical significance.3 In our
acute lymphoid leukemias (139 ALL patients), bcl-2 positive pts
showed a significant higher CR rate (91% vs 71%, p=0.016),
while lower bcl-2 levels significantly predicted a higher relapse
rate (70% vs 30%, p=0.003). Longer OS (46% vs 10% at 6 years,
p=0.002) was observed in bcl-2 positive pts. Therefore, from our
data, bcl-2 demonstrated an anti-apoptotic function in AML and
a predominant anti-proliferative effect in ALL. Besides, all these
different induction mechanisms (bcl-2, bax, CD95, etc.) seem to
converge into the activation of a proteolytic cascade, involving
the ICE-like family of proteases recently renamed caspase family. Using quantitative Western blot analysis, the interactive
effect of high levels of both nonactivated (uncleaved) caspases
2 and 3 denoted very poor survival (p<0.001) in 185 patients with

newly diagnosed AML.4 In 45 adults pts with de novo ALL, a high
level of uncleaved caspase 3 was significantly associated with
achieving CR (p=0.006). These data were confirmed in a multivariate logistic regression analysis (p=0.025) including age, WBC
count and other laboratory tests.5 Activation of caspases may be
detected by flow cytometry in living cells. The assay is based on
the cleavage of (aspartyl)2-Rhodamine 110 (D2R), substrate for
members of caspase family proteases. Upon cleavage of the substrate by caspases, the released rhodamine 110 give rise to fluorescence that can be measured by flow cytometry. In blast cells
from 20 AML cases we found an interesting correlation between
the maturation degree and the mean fluorescence levels. The
activation of the caspase family of proteases results in the breakdown of cellular proteins such as the nuclear matrix, the
cytoskeleton and the poly-ADP-ribose polymerase. At this stage
of the process apoptotic cells also display phosphatidylserine
(PS) at their outer membrane. Annexin V specifically binds to PS
and flow cytometry can be used for the quantification of annexin V-positive apoptotic cells. In myelodisplastic syndromes, the
apoptotic index measured by Annexin V in flow cytometry was
higher than in myeloproliferative disorders (p<0.0001).6 In conclusion, the use of flow cytometric techniques has significantly
aided the rapid advancement of our understanding of the process
of apoptosis, highlighting that the determination of the apoptotic proteins has a crucial role in the clinical outcome of acute
leukemias.
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FLOW-CYTOMETRY FOR MINIMAL RESIDUAL DISEASE DETECTION IN ACUTE
LYMPHOBLASTIC LEUKAEMIA
Krampera M, Pizzolo G
Dipartimento di Medicina Clinica e Sperimentale,
Sezione di Ematologia, University of Verona, Italy
It has been clearly shown that detectable levels of residual
leukaemic cells during clinical remission are associated with a
higher incidence of relapse. Technical approaches and prognostic significance of the flow cytometric method for minimal residual disease detection in acute lymphoblastic leukemia are here
discussed. Standard morphologic techniques cannot detect minimal residual disease (MRD) in patients with acute leukemia in
clinical remission (CR), although they may still have up to 1010
residual leukaemic cells. The early detection of MRD in the bone
marrow (BM) during CR may identify high-risk patients who
could benefit from more intensified treatment strategies, before
clinical relapse occurs.1-2 Polymerase chain reaction (PCR) and
flow cytometry are the most suitable methods for this purpose.
Flow-cytometry is less sensitive than PCR in MRD detection (1
leukemic cell/104 normal cells and 1 leukaemic cell/106 normal
cells, respectively). Nevertheless, it can discriminate residual
leukemic blasts from normal bone marrow (BM) cells on the basis
of a number of leukemia-associated marker combinations, which
normally are not expressed or are expressed at different levels of
intensity.1,2
A broad panel of marker combinations has to be used at diagnosis, especially for B-lineage ALL, in order to choose the most
suitable immunophenotypes for MRD monitoring in each case
and to prevent any detection failures due to immunophenotypic changes of blasts during the treatment course. The most useful leukemia-associated immunophenotype for T-lineage ALL is
represented by cytoplasmic CD3 and nuclear TdT coexpression,
which characterises more than 90% of cases. Other features,
such as surface CD3 underexpression or CD7 overexpression has
been reported.1-3 B-lineage-ALL blasts occasionally express aberrant non-lymphoid markers (such as CD13, CD33, CD65, CD21
and CD56) or normal markers of immaturity in an asyncronous
fashion (such as TdT/cytoplasmic m chains/CD34).1-3 The most
common features in B-lineage ALL are the overexpression of
CD10 (70% of cases) and the underexpression of CD45RA (32%)
or CD11a (31%). Overexpression of CD19 or CD34 and underexpression of CD44 or CD10/CD20 are uncommon (1-3) (Table 1).
Immunophenotypic minimal residual disease (MRD) detection
at any time point during the treatment course can predict relapse
in children with acute lymphoblastic leukemia (ALL).3-6 CoustanSmith firstly showed in 1998 that MRD detection was an independent outcome predictor in children and the 14th week represented a crucial treatment time point to discriminate responsive
from refractory patients.4 Further data from the same Centre led
to a new definition of clinical remission in childhood ALL on the
basis of MRD status, according to which current protocols have
been designed.5-6 Recently, the Austrian Berlin-Frankfurt-Münster Study Group achieved similar results, indicating that sequential monitoring at day 33 and week 12 was most useful for predicting outcome independently from other features.3 An increasing number of data suggests that flow-cytometric MRD monitoring can be equally used as outcome predictor in adult ALL.710 The type and the frequency of leukemia-associated marker
combinations are similar to childhood ALL.7-10 However, the main
problem in assessing the effectiveness of this method is the small
number of suitable cases enrolled in each centre, especially for
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rare diseases such as T-ALL, which represents about 20% of adult
ALL. In order to overcome this obstacle, a multicentric GIMEMA
study (Gruppo Italiano Malattie Ematologiche dell’Adulto) was
carried out from April 1996 to February 2002. Flow-cytometric
MRD detection was performed at fixed treatment time points in
53/93 adult T-ALL patients treated with the LAL 0496 protocol,
using the cytoplasmic-CD3/nuclear-TdT combination MRD
detection at pre-consolidation (median 2 months from diagnosis), pre-3rd reinduction (median 6 months from diagnosis) and
pre-6th reinduction (median 9 months from diagnosis) assessments was associated with a higher relapse risk. A new GIMEMA
study, extended to all adult ALL subtypes, is currently in progress.
Table.

ALL

Leukemia associated
immunophenotype*

Frequency

References

B-lineage

TdT/CD10 (o CD19/CD34)/CD13
TdT/CD10 (o CD19/CD34)/CD33
TdT/CD10 (o CD19/CD34)/CD65
TdT/CD10 (o CD19/CD34)/CD21
TdT/CD10 (o CD19/CD34)/CD56
TdT/ cytoplasmic µ chains/CD34
CD10 overexpression
CD45RA underexpression
CD11a underexpression
CD44 underexpression
CD19 overexpression
CD34 overexpression
CD10 and CD20 underexpression

7%
8%
7%
10%
9%
14%/15%
70%
32%
31%
9%
2%
9%
5%

1, 2
1, 2, 6
1, 2
1, 2
1, 2
1, 2, 6
6
6
6
6
6
6
6

T-lineage

TdT/cCD3
surface CD3 underexpression
CD7 overexpression

90-95%/75%
100%
13%

1, 2, 6
6
6

*positivity in at least 10% of blasts.
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TOWARDS A GENOMIC CLASSIFICATION OF LYMPHOPROLIFERATIVE
DISORDERS?

4.

Foà R
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University “La Sapienza”, Rome
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Nowadays the characterization and classification of human
acute and chronic lymphoproliferative and myeloproliferative
disorders at presentation should be based on an extensive and
integrated work-up. This has different primary endpoints that
encompass among others: 1) a more precise characterization
(and differential diagnosis) of each individual entity; 2) the
recognition, within a given pathologic entity, of prognostic risk
groups of patients who may benefit from different therapeutic
modalities; 3) the identification of markers that can be used to
monitor minimal residual disease during the clinical follow-up;
4) the design of new biologically-based targeted therapies. In
order to fulfill the above requirements, different laboratories and
a broad expertise are required. Through the advent of the cDNA
microarray technology the possibility of simultaneously analyzing the expression profile of thousands of genes within a given
sample has become a reality. This opens a potentially revolutionary approach to the characterization of normal and neoplastic cell populations. This innovative technology has already
been applied to the study of different hematologic malignancies,
with particular emphasis to acute and chronic lymphoproliferative disorders. Gene expression profiling using DNA microarrays
holds great potential in an attempt to improve the understanding, diagnosis and management of leukemias and lymphomas.
The goals that can be pursued are manifold and include: 1) the
possibility of formulating new disease classifications; 2) the identification of the role of different genes; 3) the prognostic impact
of a given genomic profile; 4) the design of innovative targeted
therapy strategies based on the genomic profile. The results so
far obtained particularly in acute lymphoblastic leukemia (ALL),
non-Hodgkin lymphoma (NHL) and B-cell chronic lymphocytic
leukemia (CLL) indicate that such an approach is feasible in large
case series, that distinct sets of genes are differentially expressed
in subgroups of patients, that the genomic profile may reflect the
molecular mechanisms of transformation and help to define the
lineage affiliation of the neoplastic population, that it may bear
prognostic implications and that it may indeed help to identify
genes as potential new targets of future therapies. In the presentation, current knowledge will be reviewed and attention will
focus in particular on the role that genomic profiling may have
in adult ALL and in CLL. Only time will tell whether in a not too
distant future the characterization, classification, prognostic
likelihood and treatment planning of newly diagnosed patients
with leukemia and lymphoma will be based on a genomic signature utilizing ad hoc designed gene chips through a single
overnight hybridization experiment.
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GITMO PROTOCOLS FOR NONMYELOABLATIVE ALLOGENEIC
TRANSPLANTATION
Corradini P, Alessandrino P, Boccadoro M, Bosi A, Falda M,
Majolino I, Soligo D, Bacigalupo A on behalf of
Gruppo Italiano Trapianto di Midollo “GITMO”
Allogeneic hemopoietic stem cell transplantation (alloHSCT) is
routinely used to treat various hematologic malignancies and
an increasing spectrum of nonmalignant disorders. Conventional conditioning regimens are based on myeloablative combinations of high-dose chemo-radiotherapy followed by the infusion
of allogeneic bone marrow or peripheral blood stem cells. The aim
of this treatment is two fold: the eradication of tumor cells,
according to the well known relationship between the dose of
cytoreductive agents and the degree of cell killing, and the suppression of the host’s immune system in preparation for donor
cell engraftment. Transplant-related morbidity and mortality
(TRM) usually restrict the use of this procedure to young patients
without comorbid medical illnesses. The main problems of myeloablative transplants are: infections, graft-versus-host disease
(GVHD), veno-occlusive disease of the liver and tumor relapse.
The mucosal and organ toxicity produced by high dose chemoradiotherapy correlates with an increased risk of infections and
acute GVHD, and this ultimately affects TRM. The immune reactions between donor-derived immunocompetent T lymphocytes
and host tumor cells (the so called graft-versus-tumor [GVT]
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effect) play a significant role in the therapeutic efficacy of
alloHSCT, rather than the physical elimination of neoplastic cells
by high-dose chemo-radiotherapy. Several lines of evidence support the existence of the GVT effect:
I) the reversion into remission of diseases relapsing after allogeneic transplants operated by donor lymphocyte infusions
(DLIs)
II) an increased relapse rate in T-cell depleted alloHSCT
III)better disease-free survival after alloHSCT compared to the
outcome of autologous transplants.
Since 1997, some pilots studies have tested less toxic conditioning regimens containing fludarabine or low-dose total-body
irradiation (TBI). This approach was aimed at producing a transient state of mixed chimerism which implies a state of reciprocal tolerance between host and donor to control graft-versushost and host-versus-graft reactions, giving donor-derived Tlymphocytes the opportunity to recognize and eradicate host
tumor cells. To improve the GVT effect, the conversion to full
donor engraftment is necessary, and this is usually achieved with
the withdrawal of immunosuppression or by infusing DLIs. The
devel opment of nonmyeloablative conditioning regimens. The
chemo-radiotherapy employed in nonmyeloablative regimens is
usually not able to completely eradicate the disease, but is
enough immunosuppressive to achieve donor cell engraftment
with a quite limited organ toxicity, thus decreasing transplantrelated morbidity and mortality. Preparative regimens can be
divided in three main categories: reduced-intensity chemotherapy, immune suppressive minimal conditioning, and in vivo Tdepleted protocols.
Table 1. GITMO ongoing clinical trials.

Coordinator Center

Disease

Regimen

Ematologia I - Genova

Acute and chronic myeloid leukemias,
myelofibrosis

Thiotepa 10 mg/kg
Cyclophosphamide 100 mg/kg

Cattedra di Ematologia - Pavia

High-risk myelodysplastic syndromes
and secondary leukemias

Ematologia - Torino

Myeloid and lymphoid tumors,
for patients aged 60 to 70 years

Thiotepa 10 mg/kg
Fludarabine 125 mg/kg
±Idarubicin 15 mg/ms
TBI 200 cGy
Fludarabine 150mg/ms

Cattedra di Ematologia - Torino Multiple myeloma at diagnosis

TBI 200 cGy

Ematologia – Roma S. Camillo Refractory or relapsed multiple myeloma Thiotepa 5 mg/kg
Fludarabine 90 mg/kg
Melphalan 80 mg/ms
BMT Unit, Istituto Tumori Milano Indolent lymphomas
Thiotepa 10 mg/kg
Hodgkin’s disease
Fludarabine 60 mg/kg
Cyclophosphamide 60 mg/kg
Cattedra di Ematologia - Milano Chronic lymphocytic leukemia
aged 60 to 70 years

TBI 200 cGy

Cattedra di Ematologia

MiniMUD transplants for advanced

Melphalan 30 mg/ms

Firenze/Milano

hematologic malignancies aged
less than 60 years

Fludarabine 90 mg/ms
TBI 200 cGy
Alemtuzumab 80 mg
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Fludarabine has been included in most of the programs for its
selective activity against T-lymphocytes. It is highly immunosuppressive, facilitating stem cell engraftment, in addition it
retains an antitumor activity in lymphoid malignancies. Lowdose TBI protocols have been developed by the Seattle group
showing that engraftment can be achieved after 200 cGy. This
approach usually follows a high-dose chemotherapy phase
which is supported with autologous stem cells. The concept was
to split the cytoreductive from the immunologic phase of the
alloHSCT. In Italy, several studies started in 1997 and after a preliminary phase, based on single institution trials, there is now a
platform of protocols which is coordinated by the Gruppo Italiano Trapianto di Midollo (GITMO). GITMO prospective trials are
ongoing in acute, chronic leukemias, lymphomas and myelomas,
for patients aged 45 – 70 yrs, considered poor candidates for
conventional alloHSCT (Table 1).

A RANDOMIZED COMPARISON OF THE VALUE OF AUTOLOGOUS BMT
VERSUS AUTOLOGOUS PSCT FOR PATIENTS WITH AML IN FIRST CR
IN THE AML 10 TRIAL OF THE EORTC LCG AND GIMEMA
Meloni G, de Witte T, Keating S, Suciu S, Zittoun R,
Mandelli F, Amadori S, Resegotti L, Varet B, Belhabri A,
Fazi P, Rodts P, Willemze R
The results in patients with AML autografted in CRI have
shown that hematopoietic recovery was significantly quicker
after PSCT than after BMT. Concern has been raised over an
increased relapse rate following PSCT, although the EBMT retrospective analysis does not confirm this hypothesis. In the AML
10 trial of the EORTC LCG and GIMEMA, patients achieving CR
after one or two induction courses with either daunorubicin,
mitoxantrone or idarubicin combined with cytarabine and etoposide in a 3 + 10 + 5 regimen, received one consolidation course
with cytarabine and the same anthracycline as during induction.
1445/2038 (71%) evaluable patients achieved a CR. Patients
were treated with allogeneic BMT if an HLA-identical sibling
donor was available, otherwise an autologous SCT was performed. In an amendment to the trial patients without a donor
were given lenograstim (G-CSF) from day 20 of the consolidation course in order to mobilize peripheral stem cells (PSC).
Patients were then randomized between BMT and PSCT after the
first attempt to harvest PSC. 292 patients aged between 16 and
60 years have been randomized: 146 for BMT, and 146 for PSCT.
347 attempts of mobilization of PSC have been reported so far.
The BM harvest was successful in 87/138 (63%) of the patients
in the BMT arm, 4 patients needing 2 attempts. The mobilization
yielded adequate numbers of CD34-cells in 97/144 (67%) of the
patients in the PSCT arm. 13 patients in the PSCT arm required
a second round, and 2 patients a third round of PSC mobilization to achieve an adequate harvest. 87 BMTs in CR1 have been
performed in the BMT arm (63%) and 99 PSCTs in CR1 in the
PSCT arm (69%). 14 Patients in the BMT arm received PSC (10%)
and 5 patients in the PSC arm received BM (4%). The hematological recovery is significantly shorter in the PSCT arm. The
median number of days to reach 20 × 109/L platelets was 80 in
the BMT arm versus 22 in the PSCT arm (p <0.0001), the median numberof days to reach 0.5 × 109/L neutrophils was 40 versus 22 days resp (p <0.0001). This resulted in a significantly different number of transfusions: 8 versus 4 packs of RBC (p
<0.0001) and 34 versus 14 packs of platelets (p < 0.0001). The
number of days on intravenous antibiotics was also significant-
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ly different: antibiotics were given for 19 days in the BMT arm
versus 11 days in the PSCT arm (p <0.0001). The median duration of hospitalization was 38 days and 24 days resp (p <0.0001).
The median follow-up was 3 years; 127 pts relapsed, 10 died in
CR1, and overall 108 pts died. The 4-year DFS was 49.8%
(SE=4.7%) in the BMT arm and 42.6% (SE=4.6%) in the PSCT arm
(p = 0.33; HR=1.18, 95% CI 0.84-1.65). The cumulative incidence of death in CR was low in both arms: 4.9% in the BMT arm
and 3.0% in the PSCT arm. The cumulative incidence of relapse
was 45.3% in the BMT arm and 54.4% in the PSCT arm. The 4year survival rates were very similar in the two group: 55.0%
(SE=4.8%) vs 55.3% (SE=5.0%), p=0.94, HR=1.01, 95% CI 0.691.48. In conclusion: PSCT resulted in equivalent duration of survival as compared with autologous BMT, despite a slight increase
in the relapse risk after APSCT has been observed so far. The
hematopoietic recovery was substantially faster after APSCT.
This resulted in lower requirement of transfusions and antibiotics
and in a 2-week shorter hospitalisation.

SIDEROBLASTIC ANEMIAS
Cazzola M,* Invernizzi R,° Bergamaschi G°
*Department of Hematology and °Department of Internal Medicine and Medical Therapy, University of Pavia Medical School
and IRCCS Policlinico S. Matteo, Pavia, Italy
The sideroblastic anemias are heterogeneous disorders characterized by two distinct features: a) ring sideroblasts in the
bone marrow (abnormal erythroblasts with excessive iron accumulation in the mitochondria) and b) impaired heme biosynthesis. These disorders are most commonly classified as hereditary
or acquired. This presentation will focus on X-linked sideroblastic anemia (XLSA) and the recently described mitochondrial ferritin (MtFtn). XLSA is caused by mutations (primarily missense)
in the erythroid-specific 5-aminolevulinic acid synthase (ALAS2)
gene. Altered substrate interaction, reduced affinity for pyridoxal 5'- phosphate (PLP), reduced apoenzyme stability, or inappropriate/absent mitochondrial processing has accounted for the
defective ALAS2 activity in bone marrow erythroblasts of XLSA
patients. This leads to insufficient protoporphyrin IX synthesis,
mitochondrial iron overload and intramedullary death of red cell
precursors expressing the defective enzyme. Most XLSA patients
are, to a variable extent, responsive to pyridoxine, which is
metabolized to PLP2. Affected hemizygous males may present in
the first two decades of life with symptoms of anemia or in middle age with manifestations of secondary iron overload. Late
onset XLSA has been described in both men and women and the
molecular bases in two of these patients has recently been
reported. In a study of 11 families with 15 known affected individuals we analyzed the natural history of this disorder. Eleven
different ALAS2 missense mutations were found including two
unreported: G1236A (C395Y) and G1731A (R560H). Probands
presented with symptoms of anemia and/or manifestations of
iron overload. Age of onset ranged from birth to 81 years. Thirteen patients were hemizygous males, while the remaining two
were heterozygous females who both presented in old age. In
particular, a 64-year-old woman with the C395Y mutation
expressed only the mutated gene in reticulocytes. She belonged
to a family with hereditary skewed Lyonization in which the
preferentially active X-chromosome carried the mutant ALAS2.
Acquired skewing in the elderly worsened the genetic condition
and abolished the wild-type ALAS2 expression leading to severe
acquired sideroblastic anemia. On the other hand, an anemic
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hemizygous male with the R560H mutation had a brother with
this mutation who had no phenotypic expression of XLSA despite
the presence of microcytic red cells and high RDW values in two
female carriers. This may suggest that the mutant ALAS2 in the
unaffected brother was silenced through a mechanism of intercistronic suppression. Elevated ferritin levels were found in all
anemic hemizygous males. Iron loading occurred regardless of
the degree of anemia and correlated with erythroid marrow
activity; co-inheritance of the HFE mutant allele C282Y led to
severe iron overload. Pyridoxine responsiveness was variable,
depending both on the molecular lesion and the body iron status. In fact, reversal of the iron overload resulted in higher hemoglobin concentrations during pyridoxine supplementation. These
findings emphasize the molecular and clinical heterogeneity of
XLSA. Modifying genes such as those for genetic hemochromatosis may significantly exacerbate this disorder, while others
may ameliorate it or even silence mutant ALAS2 in hemizygous
males. Genetic and acquired factors responsible for skewed
Lyonization may lead to late-onset XLSA in heterozygous
females. From a practical point of view, XLSA should be considered in any patient with microcytic anemia associated with iron
overload and gene-based diagnosis appears of crucial importance for both clinical management and genetic counseling. Ferritin is a ubiquitous protein that plays a critical role in regulating intracellular iron homoeostasis by storing iron inside its multimeric shell. It also plays an important role in detoxifying potentially harmful free ferrous iron to the less soluble ferric iron by
virtue of the ferroxidase activity of the H subunit. Although
excess iron is stored primarily in cytoplasm, most of the metabolically active iron in cells is processed in mitochondria; little
is yet known of how these organelles regulate iron homeostasis
and toxicity. Our collaborative group has recently reported an
unusual intronless gene on chromosome 5q23.1 that encodes a
242-amino acid precursor of a ferritin H-like protein. This 30-kDa
protein is targeted to mitochondria and processed to a 22-kDa
subunit that assembles into typical ferritin shells and has ferroxidase activity. Since the overexpression of MtFtn reduces the
cytosolic ferritin and induces transferrin receptor expression, this
protein may play an important role in regulating mitochondrial
iron homeostasis and heme synthesis. The massive increases in
mitochondrial iron in conditions of defective heme synthesis led
us to examine the distribution of the MtFtn in patients with
sideroblastic anemia. Few normal erythroblasts were positive
for MtFtn (0-10%, median value 2%), and the same held true for
patients with refractory anemia without ring sideroblasts (624%). By contrast, in patients with sideroblastic anemia many
erythroblasts (some 80-90% in XLSA and 36-82% in refractory
anemia with ring sideroblasts) were positive for MtFtn, at all
stages of maturation, and in all cases the positivity presented
granules ringing the nucleus. Overall, there was a close relationship between the number of MtFtn-positive erythroblasts
and that of ring sideroblasts. These findings suggest that most
of the iron deposited in mitochondria in patients with sideroblastic anemia is present in mitochondrial ferritin, and that this
latter might be a specific marker of sideroblastic anemia.
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portin1/IREG1/ MTP1, and transferrin receptor 2 (TfR2).
Mutations of the SLC11A3 gene are responsible for the autosomal form of hereditary hemochromatosis.3 Ferroportin is a
highly conserved, multiple transmembrane domain protein that
exports iron from cells. It is expressed in several cell types that
play critical roles in mammalian iron metabolism, including placental syncytiotrophoblasts, duodenal enterocytes, hepatocytes
and reticuloendothelial macrophages.4 It has been postulated to
function in placental materno-fetal iron transfer, in intestinal
iron absorption and in release of iron from hepatocytes and reticuloendothelial macrophages. A missense mutation in ferroportin
was in patients with autosomal dominant hemochromatosis.5
Additional mutations of the gene have been now reported and
the disease seems to be spread worldwide6,7 It is plausible that
ferroportin mutations impair protein function and iron recycling
by reticuloendothelial macrophages, which normally must
process and release a large quantity of iron derived from the
lysis of senescent erythrocytes. In that case, iron retention by
macrophages could lead to decreased availability of iron for the
hematopoietic system and other tissues. In fact, early in the disease, a paradoxical hypochromic anemia with high ferritin may
appear.4,5 This, in turn, might result in activation of feedback
mechanisms to increase intestinal absorption and iron loading.
TFR2 is highly expressed in the liver and it binds to transferrin,8 but the transferrin binding affinity is much lower than that
of the classical transferrin receptor and it is not clear that TFR2
functions as a transferrin receptor in vivo. Importantly, it does
seem to form a complex with HFE.9 Mutations in TfR2 have been
reported in non-HFE HC families.10 It is not known whether HFE
and TFR2 function in the same regulatory pathway or in distinct
pathways to modulate iron absorption. The discovery of the
hemochromatosis gene(s) and the advent of molecular genetics
have dramatically changed our approach to diagnosis and
screening of HC. Diagnostic algorithm must include analysis of
HC gene(s) mutations. However, due to variability of phenotypic penetrance, diagnosis must be base on phenotype rather than
genotype.

MOLECULAR GENETICS OF HEMOCHROMATOSIS
Pietrangelo A
Unit for the Study of Iron Metabolism, University of Modena
and Reggio Emilia, Modena, Italy
Iron is essential for fundamental cell functions. The main control of body iron homeostasis in higher organisms is placed in the
duodenum where dietary iron is absorbed, while no controlled
means of eliminating unwanted iron have evolved in mammals.
Therefore, inappropriate body iron entry either through enteral
or parenteral routes leads to iron overload. Hereditary hemochromatosis (HC), the most common single-gene hereditary disease,
is due to increased iron absorption and progressive iron loading
of liver, pancreas, hearth, endocrine glands, ultimately leading
to cell damage and organ failure. The majority of HC patients
carry the same mutation, resulting in a change from Cysteine at
position 282 to Tyrosine (C282Y) in the HFE protein. The human
HFE protein is closely related to the major histocompatibility
complex (MHC) class I molecules.1 The C282Y mutant HFE is
unable to reach the endosomal compartment/cell membrane
and interact with the receptor for transferrin, the main protein
devoted to cellular uptake of transferrin-iron.2 Mutations in HFE
do not account for all cases of HC, particularly in southern
Europe. In fact, at least two other genes have been associated
to non-HFE linked HC, the SLC11A3 gene, coding for ferro-
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THE LYMPHOPROLIFERATIVE DISEASE OF GRANULAR LYMPHOCYTES:
CLINICAL AND BIOLOGICAL FINDINGS
Semenzato G, Cannas G, Marchesi M, Zambello R
Università degli Studi di Padova, Dipartimento di Medicina Clinica e Sperimentale, Immunologia Clinica, Padua, Italy
Lymphoproliferative disease of granular lymphocytes (LDGL) is
a well recognized disorder which encompasses a large spectrum
of conditions, ranging from mild asymptomatic lymphocytosis to
aggressive, usually fatal, disorders.1 The diagnosis of this disease
is related to the demonstration that a discrete subset of GL is
chronically expanded.2 Immunologic classification of LDGL distinguishes a CD3+ form which is more common, and a CD3- variant, this latter accounting for nearly 15% of LDGL cases (Figure
1). CD3+ LDGL is symptomatic in approximately 50% of cases,
neutropenia, infections and anemia being the most frequent clinical features observed in these patients.1 The demonstration of
clonality in CD3+ LDGL is reported in the large majority of cases
studied by analysis of rearrangements of the TCR beta and gamma genes. This procedure is not suitable for the diagnosis in
LDGL sustained by NK cells, which do not rearrange TCR genes.
In these latter cases the demonstration that GL express a restricted pattern of natural killer receptors, recognized by CD158a and
CD158b antigen expression, represents a useful tool in the diagnosis of disease.
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patient's sera. Recently, we provided evidence that expanding
cells from patients with LDGL express specific receptors for
chemokines, in particular the IL-8/CXCL8 receptor CXCR1. Since
this receptor has been demonstrated in all cases studied, we
speculate that abnormal expression of CXCR1 on proliferating GL
may play an additional role in the pathogenesis of neutropenia,
by reducing IL-8/CXCL8 availability for neutrophils. Clonality of
the T-cell receptor is usually documented in these patients.
Cytokines such as IL-2 and IL-15 have been claimed to play a
central role in this disorder,5 as already suggested in animal models. In fact, mice transfected with IL-15 die from a lymphoproliferative disorder characterized by a relevant proliferation of
GL.6 Analysis performed using microarray technology shows an
upregulation of genes codifying for cytotoxic proteins (i.e., serine and cysteine proteinases, perforins, etc.) and a downmodulation of those codifying for proteolytic inhibitors. Proliferating
granular lymphocytes have been considered to represent in vivo
primed cytotoxic T lymphocytes. According to this interpretation,
we recently demonstrated that lipid rafts, which are membrane
compartments that allow organization and amplification of signaling, are in vivo upregulated in CD3+ GL of patients with LDGL,
suggesting an active role of these structures in the pathogenetic mechanisms sustaining GL proliferation (in preparation). In
approximately 50% of cases LDGL is associated with other diseases, including autoimmune, viral or neoplastic disorders. Viral
infections, notably Epstein Barr virus,7 have been claimed to play
a role in the pathogenesis of CD3- LDGL. The presence of antibody recognizing BA21 protein, an antigen related to the env of
a retrovirus HTLV related has been reported in the majority of
patients with CD3− LDGL.8 Neutropenia is usually less pronounced
in CD3− than in CD3+ LDGL patients. Analysis of NK receptors
[killer immunoglobulin-like receptors (KIR), killer lectin-like
receptors (KLR), and natural cytotoxicity receptors (NCR)] has
contributed to clearly characterize the subsets of NK cell proliferating in these patients and got insights into the pathogenetic
mechanisms conditioning cell proliferation.9 We recently demonstrated that the relevant KIR expressed in patients with LDGL is
able to stimulate the functional activity of GL (activating-type
of receptors), in apparent contrast to what is commonly found
on normal peripheral blood GL. This feature is suggested to be
related to the mechanism favouring the GL proliferation. The
clonality has rarely been demonstrated, but, when present, it
correlates with an aggressive clinical course. Spontaneous
regression of lymphocytosis has been reported in both CD3+ and
CD3- patients. Therapy should be delayed in asymptomatic
patients. However, when needed, the combination of methotrexate or cytoxan and steroids represents the best approach. Within the Gruppo Italiano per le Malattie Ematologiche dell’Adulto
(GIMEMA) a registry has been recently established in order to
collect data regarding the natural history of this disease. Once
the diagnosis is confirmed, a therapeutical approach is offered
for symptomatic patients. Since there is no standard therapy for
this disease, such trial will be important in establishing appropriate treatments.

Figure 1. Immunological classification of LDGL.
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CONFORMATIONAL DISEASES IN HEMATOLOGY
Merlini G
Department of Biochemistry, Biotechnology Research
Laboratories, University of Pavia, IRCCS Policlinico
San Matteo, Pavia
In recent years we have begun to learn about the manner in
which proteins attain the biologically active three-dimension
through the complex process of protein folding.1 Errors in this
process result in protein misconformation, abnormal assembly,
aggregation and tissue deposition causing a wide variety of
degenerative diseases. In their seminal review Carrell and Lomas2
proposed a new group of disorders the conformational diseases
that included several conditions with important impact on public health such as virtually all neurodegenerative disorders
(including Alzheimer’s disease, Parkinson disease and the prion
encephalopathies) as well as hematological diseases such as sickle cell anemia, familial thromboembolic disease, light chain amyloidosis and other less common conditions. The authors defined
the common denominator of these conditions as follows conformational diseases arise when a constituent protein undergoes
a change in size or fluctuation in shape, with resultant self-association, aggregation, and tissue deposition. Several factors have
been described to play a role in inducing protein aggregation:
mutations that destabilize the folded structure, sustained abnormally high concentration of the specific protein and modification on the environmental conditions (pH, oxidative stress, metal ions, etc.). The protein aggregates may have various ultrastructural organizations. The oligomerization of misfolded protein in b-sheet conformation can produce structurally welldefined fibrils known as amyloid. The protein aggregates, whatever their biochemical composition is, share the common property to exert tissue toxicity by either gain of a toxic activity or
by the loss of biological function.3
The onset of a conformational disease can be episodic when
the conformational transition is sudden, as occurs with hemoglobin S. When sickle hemoglobin is deoxygenated, the replacement of b6 glutamic acid with valine results in a hydrophobic
interaction with another hemoglobin molecule, triggering an
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aggregation into large polymers resulting in a distortion of the
shape of the red cell and a marked decrease in its deformability. These rigid cells are responsible for the vaso-occlusive phenomena that are the hallmark of the disease. The large scale
polymerization of hemoglobin S to give a sickling crisis occurs
when other factors, such as infection and dehydration result in
circulatory stasis with widespread deoxygenation.4
A striking example of how a mutation in a biologically active
protein results in abnormal conformation and dysfunction is represented by antithrombin Rouen VI (Asn187Asp). The conformational changes induced by this mutation in the antithrombin
molecule are greatly accelerated at 39°C, with rapid formation
of polymers and rapid loss of thrombin inhibitory activity resulting in severe episodes of thrombosis.5 Immunoglobulin light
chains present peculiar tendency to form aggregates with various ultrastructural organization, the most notable being light
chain-related amyloidosis (AL).3
AL amyloidosis is the most common form of systemic amyloidosis in Western countries. It is caused by the fibril formation of
monoclonal immunoglobulin light chains or of their fragments
comprising the variable region. There is a body of evidence that
indicates that some structural features account for the amyloidogenicity of certain light chains. Among them there is the
observation of a clear preponderance of l over k chains, and that
certain subgroups, such as lVI or l III6 are frequently found in AL.
The light chain structural heterogeneity translates into protean
clinical manifestations.7,8 The reasons for the remarkable diversity in organ distribution of AL amyloid deposits remains one of
the most relevant unsolved question in amyloid research. Recently published data indicate that lVI light chain are significantly
correlated with kidney involvement.6 Another fundamental and
unanswered question regards the mechanism of organ damage
caused by protein aggregates. Several laboratory and clinical
findings8 suggest that a misfolded soluble structured prefibrillar
oligomeric intermediates may be responsible for the biological
consequences observed in patients with protein conformational
diseases.
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THE BIOLOGY OF THE PLASMA CELL CLONE INVOLVED IN
IMMUNOGLOBULIN LIGHT CHAIN-AMYLOIDOSIS
Perfetti V, Palladini G, Casarini S, Navazza V, Malazzi O,
Ascari E, Merlini G*
Internal Medicine and Medical Oncology and *Biotechnology
Research Laboratories, Department of Biochemistry,
University of Pavia-IRCCS Policlinico S. Matteo,
P.le Golgi 2, Pavia, Italy
Immunoglobulin light chain-amyloidosis (AL amyloidosis) is the
most common form of systemic amyloidosis in the Western countries and the only one caused by a tumor. Monoclonal plasma
cells, virtually always present in the bone marrow, synthesize light
chains whose fragments, comprising the V region plus a portion
of the C region, self-aggregate and form toxic intermediates that
cause organ dysfunction, possibly via apoptosis, and amyloid fibril formation. Virtually every organ, and in every combination, can
be place of amyloid deposition, but most frequently, amyloid targets the kidney (50-55%) and the heart (25-30%). Typically, numbers of clonal plasma cells are small, proliferative activity minimal, and monoclonal protein concentration very low with lambda isotype predominance. Since the early 1990s, the biology of the
amyloid plasma cell clone has been one of our major interests, and
we summarize here the present knowledge.
Studies with anti-idiotypic antibodies revealed that the amyloid clone is not confined to the bone marrow, but it involves several cells: circulating mature B-lymphocytes in the peripheral
blood, as well as lymphoid, lymphoplasmacytoid and plasma cells
in the bone marrow.1 The involvement of peripheral blood in AL
amyloidosis was also studied by tumor light-chain-specific semiquantitative PCR, which confirmed the presence of clonal cells
both at diagnosis and in peripheral stem cell harvests used for
high-dose chemotherapy.2 In vitro experiments with cytokineenriched media generated clonal plasma cells from the peripheral blood elements, a process that was inhibited by anti-CD22
immunotoxins,3 thus supporting the existence of an intraclonal
differentiation process similar to that observed in normal B lymphopoiesis, in which mature B-lymphocytes migrate to the bone
marrow to terminally differentiate into plasma cells, via intermediate maturation stages. This model, supported by in vitro
data, focuses attention on the circulating elements as possible
clonal precursors and targets for immunotherapy, and anti-CD20
monoclonal antibodies might be useful in this view.4
The history and evolution of the amyloid clone were also
addressed by analysis of the nature and distribution of somatic
mutations in immunoglobulin genes.5 Amyloidogenic light chains
presented concentrations of replacing mutations in the CDR, a
feature typical of antigen-selected B-cells. Furthermore, since it
was not observed intraclonal variation of somatic mutations, or
progression, it was concluded that the entire amyloid clone was
composed exclusively of post-germinal center cells. The molecular histopathogenesis of AL amyloidosis is therefore in agreement
with earlier immunophenotypic studies1,3 and, besides, it indicates
that clones secreting functional, high-affinity antibodies may
express pathogenic light chains. The small dimensions of the plasma cell clone have limited the study of genetic lesions in amyloidosis. Introduction of a technique coupling immunocytochemistry and FISH analysis showed that genomic instability is very
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common, since most patients presented multiple numerical chromosome abnormalities and cytogenetic subclones. Our group
demonstrated hybrid transcripts indicative of t(4;14) (4p16.3;
14q32) (an IGH translocation of great transforming potential) in
14% of amyloid patients,6 while Fonseca et al. detected the
t(11;14) translocation (involving cyclin D1) at unusually high frequency (55% positive).7 The clinical significance of these IGH
translocations is currently unknown. The other crucial aspect of
amyloidosis is the light chain. We recently determined the repertoire of V λ genes involved in AL amyloidosis.8 Comparison with
V λ genes expressed in normal conditions revealed a new amyloidassociated gene, 3r, belonging to the λ III family. The frequency
of this gene is such (22%) that, together with that of the known
amyloid-associated gene 6a (λ VI family) (20%), account for the
λ light chain predominance typical of AL amyloidosis.
Another point of particular attention is the mechanism underlying the diverse organ tropism of amyloid light chains. One possibility is that VL gene usage may be involved. Indeed, two studies established that 6a-(λ VI)-light chains preferentially generate amyloid in the kidneys8,9 but, unfortunately, no other clearcut relationships were observed. Most importantly, it remains to
be established if V genes may determine heart disease and, especially, rapid progressive heart failure, the most important negative prognostic parameters.
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PRIONS AND TRASFUSIONS
Ceroni M, Corato M
Neurological Institute IRCCS Mondino, Lab. of exp.
neurobiology, Dept Neurol Sci, University of Pavia, Pavia
and Policlinico of Monza, Neurosci Dept, Monza, Milan, Italy
Human prion diseases have acquired a great interest in the last
decade, giving rise to questions ranging from their origin to the
risk of iatrogenic transmission for the population through administration of human-derived products. Epidemiological data do
not support the hypothesis that sporadic CJD can be transmitted between humans through blood transfusion or blood products. However, the same cannot be sustained for variant CJD
(vCJD), due to the fact that the small number of confirmed cases limits the value of any epidemiological observation. Experimental data on transgenic mice and pathologic examination of
lymphoid tissue in vCJD suggest that lymphocytes and follicular
dendritic cells play an active role in the pathogenesis of vCJD,
raising the hypothesis that blood may be more infectious in vCJD
than in the classical form. Low infectivity titers have been
demonstrated in the blood of mice and sheep experimentally
infected with BSE, while no blood infectivity has been detected
in natural occurring prion diseases, such as BSE in cattle and
scrapie in sheep. Moreover, various attempts to transmit human
prion diseases to primates through intracerebral inoculation of
blood have been unsuccessful to date, even if many other experiments are in progress. In spite of these reassuring data, the
selection of blood donors is necessary until further observations
might lead to definitively exclude the risk of transmission
through blood. The practice of leukodepletion, adopted in the UK
to discard infectivity in the buffy coat, does not seem to effectively reduce blood infectivity in rodent models.

ANTI-CD20 ANTIBODIES: MECHANISM OF ACTION
Introna M, Golay J
Istituto Ricerche Farmacologiche Mario Negri, Milano, Italy
MabThera (Rituximab) kills B-cells via multiple mechanisms
including antibody-dependent cell-mediated cytotoxicity
(ADCC), complement-mediated cytotoxicity (CDC), as well as
direct growth inhibition and/or induction of apoptosis. The relative contribution of these different mechanisms of action
remains a matter of debate. The available evidence suggests that
activation of ADCC and CDC by MabThera is crucial for in vivo
activity since an IgG4 version of the antibody, incapable of activating these responses, does not deplete normal B-cells in primates. Furthermore, complement consumption has been
observed in vivo following MabThera administration. In vitro, follicular lymphoma (FL) cell lines can be lysed very effectively by
MabThera and human complement, although a high degree of
heterogeneity in the response was observed in different cell lines.
Subsequently it was demonstrated that the expression of the
complement inhibitors CD59 and CD55 are at least in part
responsible for the resistance of FL cell lines to CDC following
MabThera treatment.1 CDC therefore appears likely to be an
important mechanism of action of MabThera action in vivo. These
findings also raised the possibility that expression of complement
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inhibitors could be a mechanism by which some patients are less
responsive to MabThera treatment than others. Evidence for the
role of complement inhibitors in mediating resistance to
MabThera has come from a study of the interaction between
MabThera and chemotherapeutic drugs in the follicular lymphoma cell line Karpas 422.2 Exposure of the cells to fludarabine followed by MabThera and complement led to a synergistic cytotoxic effect. Analysis of the mechanism for this synergistic
effect showed that fludarabine down-modulates the membrane
expression of CD55 without significantly altering CD20 levels.
These data further demonstrate the role of complement
inhibitors in mediating resistance to MabThera and also indicate
a mechanism by which MabThera and chemotherapeutic agents
can act synergistically. Following the results obtained using cell
lines, we have now investigated the mechanisms regulating CDC
by MabThera in clinical samples from patients with chronic lymphocytic leukemia (CLL), prolymphocytic leukemia (PLL) and
mantle-cell lymphoma (MCL).3 In freshly isolated malignant cells
from patients (33 CLL, 5 PLL and 6 MCL), CDC following
MabThera correlated with CD20 expression in all samples. The
correlation was statistically highly significant whether CD20 levels were measured by standard immunofluorescence or using
calibrated beads. Investigation of the role of the CD55 and CD59
inhibitors showed heterogeneous expression, which was not predictive of CDC activity. However, in cells initially resistant to
CDC, blocking antibodies to CD55 and CD59 increased CDC by
five- to six-fold.
Recently, we have set up a novel in vivo model for Mabthera
mechanism of action. The human CD20 molecule has been stably introduced into a murine lymphoma cell line. The transduced
cells give rise to a metastatic lymphoma in syngeneic mice, and
the animals can be cured by a single injection of Mabthera given one day after tumour cell inoculation. Further study of this
model in syngeneic C1q knock out animals (C1q-/-) shows that
complement activation is required for the therapeutic activity of
mabthera in vivo. Altogether these studies suggest that complement activation is an important mechanism of action of
Mabthera and that expression of CD55 and CD59 are important
in mediating resistance to MabThera activity. Inhibition of CD55
and CD59 may represent a mechanism for improving responsiveness to MabThera in patients with an initial poor response.
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MECHANISMS OF VIRUS-INDUCED PROLIFERATION OF HEMOPOIETIC
CELLS
Luppi M, Barozzi P, Torelli G
Department of Oncology and Hematology,
University of Modena and Reggio Emilia, Modena, Italy
Experimental evidence is now available demonstrating that the
great majority of malignant tumors, as well as leukemias and lymphomas, in animals is caused by transmissible, oncogenic viruses. “Would we, the humans, belong to a different, special, group
different from the rest of the world of living species?”, wrote Ludwik Gross, one of the research pioneers in the field of tumor virology. “...Let us remember that mouse leukemia was considered for
several decades to be a nonviral genetic disease until it was transmitted by inoculation of filtered extracts, containing a filterable
RNA virus, into newborn mice and rats, in 1951”. In other words,
it is certainly true that thus far, human tumors have not been
transmitted by filtrates to animals and that, except in rare
instances, no virus particles have been found on electronmicroscopic examination of human tumors or leukemias. However, this
is not enough to rule out a major involvement of potentially oncogenic viruses in human cancer. Similarly to animal viruses, human
viruses with oncogenic potential are carried as life-long latent
infections and, generally, do not carry a cancer risk, except for rare
instances, i.e. under conditions of host immunosuppression, or
when specific viral proteins are expressed in an unusual cell type.
The Revised European-American Classification, emphasized
for the first time the pathogenetic importance of two viruses,
namely Epstein-Barr virus (EBV) and human T lymphotropic virus
I (HTLV-I) in the development of certain lymphoid neoplasias.
However, in the last two decades new viral agents possibly related to lymphoproliferative activity have been discovered: three
herpesviruses [human herpesvirus-6 (HHV-6), -7 (HHV-7) and 8 (HHV-8)] and a flavivirus, HCV. A possibly direct lymphomagenetic effect of human immunodeficiency virus infection (HIV)
has been also recently proved. Finally, the detection of the simian virus 40 (SV40)DNA in certain human B cell lymphomas has
raised the possibility of a pathogenetic role for such an animal
virus in the development of human hematologic tumors. An
overview will be offered of the different mechanisms of virusinduced proliferation of lymphoid and other hemopoietic cells.

HEPATITIS C VIRUS AND MIXED CRYOGLOBULINEMIA:
RECENT DEVELOPMENTS AND PERSPECTIVES FOR RESEARCH
De Vita S
Clinica di Reumatologia, DPMSC, University of Udine
Mixed cryoglobulinemia (MC) or MC syndrome is a systemic
vasculitis prevalently mediated by immune-complexes, and associated with hepatitis C virus (HCV) infection and B-cell lymphoproliferation.1,2 Despite the bone marrow pathologic findings often
suggesting an indolent B-cell malignancy, type II MC is definitely a non-neoplastic disorder, as finally demonstrated by the integration of molecular analyses of B-cell clonal expansion in extensively characterized patients with long-term follow-up.2Thus,
type II MC is a pre-neoplastic disorder predisposing to B-cell nonHodgkin’s lymphoma development (NHL), as well a unique model of human B-cell lymphomagenesis. B-cell expansion and lymphoproliferation occurs in target organs of HCV infection.2-5
There is evidence of antigen-driven proliferation of rheumatoid
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factor (RF)-positive clones, with a restricted immunoglobulin
gene usage, leading to cryoglobulin production.2,4-6 Future studies should clarify the preferential and persistent expansion of
such RF-positive clones in the course of HCV infection if compared to other chronic inflammatory/infectious conditions. Molecular mimicry with HCV or a double reactivity of RF-positive
cells (both to IgG and to HCV) deserve particular attention based
on recent findings (2, 5-8).2,5-8 The internalization of HCV (as an
immune complex) by RF-positive clones with subsequent presentation of HCV antigens to T cells might lead to T-B cognate
interaction and antigen-driven B cell expansion. A direct B-cell
deregulation by lymphotropic HCV remains hypothetical. B-cell
stimulation after HCV binding to CD81, or by HCV-VLDL complexes, have been finally hypothesized.1
Since only a fraction of patients with HCV infection have positive serum cryoglobulins or develop MC syndrome, additional
mechanisms, virus-or host-related, are implicated. This is a second striking point for future research. Recent studies were
focused on insertions or deletions in HCV genoma (HVR1-E2
region), HLA genetic predisposition, C4 deficiency, anti-endothelium and anti-α enolase antibodies, T-helper 2 profile and
cytokines.1,9
A third, clinical observation to better address future research
is represented by the usual persistence of serum cryoglobulins
and RF even after the negativization of HCV RNA with the antiviral therapy. Since RF-positive B-cells may be stimulated by
immune complexes containing quite different antigens, HCV
infection might be crucial for the induction of MC, while not for
the survival of RF-positive clones, which might prove pathogenetically relevant also in the lack of HCV persistence. On the
other hand, the oncomolecular events implicated in B-cell deregulation and lymphoma evolution remain to be elucidated in MC,
and could also support B-cell survival in the lack of the key trigger HCV. Finally, the persistence of HCV infection despite the
negativizartion of serum HCV RNA is also possible. All these
events should be elucidated to better link HCV infection to
autoimmunity and lymphoproliferation.
In the lack of such informations, the treatment of HCV-associated MC remains difficult. There is general clinical evidence that
effective antiviral treatment with interferon (old studies) or with
interferon plus ribavirin (recent studies) is often accompanied by
clinical efficacy, but results may differ in the different systemic
features. Thus, even if antiviral therapy has a strong rationale and
represents a cornerstone for the treatment of MC, additional
pathobiologic events should be dissected and targeted for the
different organ manifestations. Furthermore, antiviral therapy
may be uneffective, counterindicated or not tolerated, and finally does not allow a rapid improvement in progressive or life threatening MC manifestations.
On the other hand, aggressive immunosuppression may lead
to severe complications in HCV-positive MC patients. Thus, less
aggressive approaches are needed. One of them might be represented by anti-CD20 monoclonal antibody (Rituximab) treatment, since favourable preliminary results have been reported10
(S. De Vita, personal communication at the IX National Congress
of the Italian Study Group of Cryoglobulinemia – GISC, Udine,
Italy, 21-22 June 2002). Since a very restricted panel of heavy
and light chain genes is employed by pathogenetic B-cell clones
in MC,1 the B-cell antigen receptor might represent a more specific biologic target in the future. Personal experience in MC
suggests that patients should be subjected to extensive and integrated clinico-pathologic and molecular characterization and
follow-up to draw some conclusions regarding the efficacy of the
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treatment employed. A computerized chart dedicated such
patients has been developed in our Centre, to create a database
of patients and tissue samples for clinical and biologic research.
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THE ANTICOAGULANT EFFECTS OF ATRA IN MALIGNANCY: FROM ACUTE
LEUKEMIA TO BREAST CANCER
Falanga A
Hematology Department, Ospedali Riuniti, Bergamo, Italy
Malignancy is associated with a hypercoagulable state and
high risk for thrombo-hemorrhagic complication.1 Chemotherapy and hormone-therapy increase this risk in the cancer patients
by triggering a number of prothrombotic mechanisms. In this
setting, retinoids are anti-cancer agents unique in that they
inhibit malignant cell specific prothrombotic mechanisms and
control the clinical manifestations of blood clotting activation
in vivo. Much understanding in this field has come from the clinical and experimental studies of human acute promyelocytic
leukemia (APL). Differentiating therapy with all-trans-retinoic
acid (ATRA) induces the complete remission of human APL in up
to >90% of cases and a simultaneous rapid resolution of the
associated coagulopathy due to disseminated intravascular
coagulation.2 The beneficial effects on the coagulopathy rely on
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ATRA capacity to control a number of hemostatic properties of
leukemic cells, i.e.: 1. Procoagulant molecules [tissue factor (TF),
and cancer procoagulant (CP)], 2. Fibrinolytic molecules [tissueand urokinase-plasminogen activators (t-PA, u-PA), u-PA receptor (uPAR), PA inhibitors (PAI-1, PAI-2)], 3. Proteolytic enzymes
(i.e. Elastase), and 4. Inflammatory and proangiogenic cytokines
(IL-1β, TNF-α, VEGF). ATRA interferes with all these properties
of leukemic cells: inhibits APL cell procoagulant activities,
decreases their fibrinolytic potential, prevents the prothrombotic effects of APL cell-derived cytokines on the vascular
endothelium. Interestingly, some of these leukemic cell-associated factors can play a role not only in hemostasis, but also in
cell dissemination and disease progression, i.e. TF and u-PAR
expressed on the cell membrane can promote neoangiogenesis.
TF acts by regulating the expression of the proangiogenic
cytokine VEGF, independently from its procoagulant activity.3
The proteolytic and fibrinolytic activities bound to u-PAR mediate basement membrane degradation and malignant cell migration through the endothelial cell matrix. ATRA down regulates
both TF and fibrinolytic activities with mechanisms that are independent from ATRA proapoptotic and differentiating actions.
Indeed, TF expression is inhibited by ATRA even in human APL
NB4 cells resistant to ATRA-induced cytodifferentiation.4 Thus
retinoid activities against hemostatic properties of malignant
cells may not only affect the APL coagulopathy, but also may
contribute to the cure of leukemia in patients receiving ATRA in
addition to chemotherapy.
Among solid tumors, there is clear evidence that breast cancer patients are at increased risk of thrombosis especially during chemotherapy and hormone-therapy with tamoxifen.5 Further, in these patients, thromboprophylaxis with very low dose
warfarin given during chemotherapy has proven effective in preventing thrombotic complications and controlling the hypercoagulable state.6,7 Finally, it is known that breast cancer cells,
likewise APL cells, express both TF and CP procoagulant activities, which are relevant for the pathogenesis of the thrombotic
diathesis in these patients.
In human breast cancer, retinoic acid derivatives are potential agents of chemo-prevention and treatment and have
become a therapeutic tool in this disease.8 No studies have been
conducted so far to understand whether ATRA may control the
prothrombotic state in breast cancer patients and whether it
may affect TF and CP expression by this type of cancer cells.
Our group has recently shown that ATRA can modulate the
hypercoagulable state of patients with breast cancer receiving
hormone-therapy.9 We studied patients with locally advanced
breast cancer enrolled in a phase Ib study receiving for 21 days
before operation either ATRA alone or ATRA in combination with
tamoxifen. One additional group received tamoxifen alone. Plasma samples were evaluated for: hypercoagulation markers (FVIIa, F1+2, TAT, D-Dimer), fibrinolysis proteins (t-PA, PAI-1), and
coagulation inhibitors (protein C, AT). At baseline, cancer
patients had FVIIa, F1+2, TAT, and PAI-1 significantly greater
than control subjects. During treatment, in patients given ATRA
alone, hypercoagulation markers appeared unmodified. Instead,
subjects given tamoxifen alone had a significant elevation of
FVIIa, F1+2, and TAT versus baseline. However, in the ATRA +
tamoxifen group, hypercoagulation markers were decreased
compared with tamoxifen alone, demonstrating that ATRA modulates the hypercoagulable state of breast cancer patients associated to this type of hormone-therapy.
More recently, we have characterized the expression of TF
and CP in breast cancer cells and have evaluated the effect of
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ATRA on the two cellular prococoagulants in vitro. Specifically,
we have analyzed different human breast cancer cell lines in
order to: 1. characterize the expression of TF and CP; 2. evaluate whether these activities are affected by ATRA; and 3. verify
whether or not the reduction in tumor cell procoagulants may
occur concomitantly with the apoptotic effects of ATRA. Two
estrogen receptor positive (ER-positive; i.e. MCF-7 and ZR-751) and one ER-negative (i.e. MDA-MB-231) cell lines, with low
and high metastatic potential, respectively, have been studied.
The results show that all the three cell types express both TF and
CP, as evaluated by functional (chromogenic) and immunonological assays, and by inhibition studies. Maximum TF and CP levels are found in the highly metastasizing MDA-MB-231 cells.
ATRA affects TF and CP expression in a dose- and time-dependent fashion in all the three cell lines. Maximum and significant
inhibition is achieved with 10-6M ATRA, after 96h incubation.
Specifically, a reduction of 30% to 60% in TF and CP expression
is observed both in MCF-7, ZR-75-1 and MDA-MB-231 cells.
Modulation of TF and CP is mediated by ATRA interactions with
retinoic acid nuclear receptors (RAR) α, β, and γ, as shown by
using selective RAR agonists and antagonists. However, the
analysis of growth curves, shows that, at 96h incubation, ATRA
dose-dependently reduces cell proliferation in MCF-7 (66% cell
growth inhibition at 10-6M ATRA, p< .05), and to a lesser extent
(29% inhibition) in ZR-75-1, but has virtually no effect in MDAMB-231 cells. Similarly, ATRA induces a moderate, but significant, increase in the percentage of apoptotic cells (evaluated by
Annexin V-propidium iodide staining) in the two ER-positive cell
lines (~15%), while not affecting the ER negative cells. These
results are confirmed by the analysis of the Bcl-2 oncoprotein
levels (evaluated by ELISA). This study demonstrates for the first
time that ATRA downregulates the expression of TF and CP in
breast cancer cells and this action involves the interaction with
RARs. This effect parallels the anti-proliferative and pro-apoptotic actions of the drug only in the ER-positive less malignant
breast cancer phenotype, while it is totally dissociated from those
phenomena in the ER-negative more malignant breast cancer
cells. in the same cells. No other drug has been shown so far to
modulate TF and CP expression in breast cancer cells. Thus ATRA
is the first pharmacological agent able to reduce the cellular
procoagulant potential of breast cancer tissues, and this effect
can occur independently from its pro-apoptotic and differentiating actions in the same cells.
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MOLECULAR AND CLINICAL MARKERS FOR A CORRECT DIAGNOSIS OF
DIFFERENT TYPES OF VON WILLEBRAND DISEASE
Federici AB
Angelo Bianchi Bonomi Hemophilia Thrombosis Center,
Department of Internal Medicine, Milan, Italy
von Willebrand disease (VWD) is the most frequent inherited
bleeding disorder. VWD is caused by quantitative (type 1 and 3)
or qualitative (type 2) defects of von Willebrand factor (VWF). The
mechanisms of most inherited VWD types have been recently
elucidated by the genetic and molecular diagnosis but the phenotypic tests based on measurements of plasma and platelet VWF,
the ability of VWF to interact with its platelet receptor and the
analysis of the multimeric composition of VWF are always essential to identify patients with different VWD subtypes. Molecular
and clinical markers can be used to better characterize the different types and subtypes of VWD because their correct diagnosis is very important for an appropriate therapy. von Willebrand
disease (VWD) is the most frequent inherited bleeding disorder.
VWD is caused by quantitative (type 1 and 3) or qualitative (type
2) defects of von Willebrand factor (VWF). Inherited VWD has
been subdivided into three categories which reflect patho-physiology. Type 1(classic) and 3 (severe) VWD reflect respectively the
partial or virtually complete deficiency of VWF while type 2 (variant) VWD reflects a qualitative defects of VWF.1-4 The revised
classification introduced in 1994 by Sadler, recommends type 2
VWD is subdivided into four subtypes (2A, 2B, 2M, 2N) according
to specific details of the phenotypic features.5
Clinical and phenotypic diagnosis. Physicians and hematologists should be always able to identify patients with VWD before
performing genetic and molecular diagnosis. VWD should be suspected in any patient with a history of mucocutaneous and postoperative bleeding, especially if the family history suggests an
autosomal pattern of inheritance. The most common symptoms
associated with VWD are epistaxis, bleeding after dental extractions, menorrhagia. The bleeding tendency, however, is highly
variable and depends on the type and severity of the disease.
In many patients with type 1 or 2 VWD the bleeding tendency
may be absent. In contrast, patients with type 3 VWD have a
severe hemorrhagic tendency: mucosal bleeding are very frequent
and may be life-threatening. In addition, due to the severe FVIII
defect, hematomas and hemarthroses do occur. Post-operative
hemorrhages are also common, especially in patients with very
low FVIII levels. Few reports about the types and frequency of
symptoms are available until now.1-4 Because of the variability of
the clinical history and to the relatively low specificity of the
bleeding symptoms, the diagnosis of VWD must rely also on the
results of laboratory tests.1-4 The tests include the VWF antigen
(VWF:Ag), the VWF ristocetin cofactor activity (VWF:RCo), the
factor VIII activity (FVIII:C), the Ristocetin induced platelet agglutination (RIPA), the multimeric analysis of plasma VWF, the factor VIII binding capacity (VWF:FVIIIB). The ratio of ristocetin
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cofactor to VWF antigen (VWF:RCo/Ag) appears to be useful for
distinguishing between type 1 and 2 VWD.6 By applying these
stringent criteria most VWD patients previously described as type
1 VWD on the basis of low VWF:RCo plasma levels in the presence of normal VWF multimers are now classified as type 2M
VWD because their VWF is really abnormal as indicated by a
VWF:RCo/Ag ratio is < 0.7.6
Genetic diagnosis and family studies. VWD is very heterogeneous, and there are many variables that interfere with VWF levels. More than one assay is necessary to make the correct diagnosis. Most assays of VWF are still not well standardized. Therefore genetic family studies can be very useful in the diagnosis and
characterization of patients with VWD. The aims of genetic and
molecular diagnosis are to determine the causative defects of
VWF when phenotypic diagnosis is certain, and make a definitive
diagnosis of VWD when diagnosis is uncertain.1-4 By definition,
VWD results from mutations in the VWF gene. There are two main
approaches to the genetic diagnosis of VWD: direct mutation
detection and linkage analysis. At the moment, neither represents a first-line investigation for diagnosis. In the absence of a
characterized mutation within a family, linkage analysis permits
a defective VWF gene to be tracked, thereby corroborating phenotypic diagnosis. Screening for common genetic mutations can
be obtained mainly in case of type 2 VWD variants where clusters of mutations have been identified. In most type 1 and 3 VWD
cases, direct mutation detection requires the sequence of the
entire VWF gene. In these cases gene tracking by analysis of
restriction fragment lenght polymorphysms (RFLPs) or variable
number of tandem repeats (VNTR) sequences of the VWF gene is
a useful technique for family studies. An on-line database of
VWD mutations and polymorphisms is maintained by Dr. David
Ginsburg and colleagues and is accessible at http://mmg2.im.
med.umich.edu.7,8 Among them intron 40 of the VWF gene contains several VNTR sequences within a region of repetitive DNA.
Analysis of these VNTRs are very informative and useful in gene
tracking studies in VWD.9 These techniques have applications in
the prenatal diagnosis of severe VWD, in carrier identification in
recessive forms of VWD, and in type 1 VWD families where the
diagnosis is phenotypically uncertain.9 Molecular and clinical
markers in different VWD types
Type 3 VWD. Type 3 VWD, the least frequent and most severe
type, refers to virtually complete deficiency of VWF. Type 3
(severe) VWD is caused by impaired biosynthesis of VWF and is
characterized by unmeasurable levels of VWF in plasma and
platelets. Since VWF is also the carrier of FVIII, plasma levels of
FVIII are very low (1-10 %). As a consequence, patients affected
from type 3 VWD have a severe bleeding tendency, characterized
not only by mucocutaneous hemorrhages but also by hemarthroses and hematomas as observed in severe hemophilia. The inheritance pattern of type 3 VWD is autosomal recessive and its
prevalence is 1 to 5 per million population.10 The molecular
defects described to be associated with type 3 VWD are: total or
partial VWF deletions, nonsense, splicing and frameshift mutations.10 A few patients have homozygous or compound heterozygous missense mutations. The results of a large molecular studies performed in Italy in a multiethnic group (Indian, Iranian and
Italian) of 21 patients with type 3 VWD indicate that molecular
defects responsible for type 3 VWD are scattered throughout the
entire VWF gene (from exons 3 to 52) and that there is no prevalent and common gene defect in the three populations studied.11
Alloantibodies against VWF may arise in 5 to 8 % of patients
treated with FVIII/VWF concentrates;10 gene deletions predispose
to the formation of alloantibodies.10The presence of antibodies
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has been demonstrated in vitro by the capacity of patient plasma to inhibit RIPA of normal PRP in a time-dependent manner.10
In vivo the antibodies are responsible for a poor clinical response
to replacement therapy. In some patients with high antibody
titers, replacement therapy not only is ineffective but also may
trigger life-threatening anaphylactic reactions.10
Type 2A VWD. Type 2A is the most frequent subtype among
type 2 VWD (variants) since the original description.12 It is inherited mainly with an autosomal dominant pattern but a recessive
pattern is also described.1-4 As far as phenotypic diagnosis,
patients with 2A VWD are identified by normal to low VWF:Ag
levels and markedly low VWF:RCo (VWF:RCo/Ag ratio < 0.7), by
loss of the high molecular weight multimers and increase of the
intensity of low molecular weight multimers in plasma.4
At least 24 missense mutations and one in-frame deletion are
known to cause dominant type 2A VWD.13 Twenty of these mutations are within the VWF A2 domain and four missense mutations
are in VWF A1 domain. The most frequently reported mutations
of type 2A VWD are R1597W and I1628T within the A2 domain13
VWF mutations produce type 2A VWD by at least two mechanisms. One class of mutations (group 1) causes defective intracellular transport of VWF and impairs the assembly, storage and
secretion of large VWF multimers in both the plasma and platelet
compartments. Group 2 mutations do not interfere with VWF
assembly or secretion, but renders the multimers more sensitive
to proteolysis in plasma.13
Another cause of high molecular weight deficiency in type 2A
VWD is a defective posttranslational processing that includes
defects od dimerization at the VWF c-terminus in the subtype
previously described as type IID13 and defects of further polymerization of VWF dimers to multimers in their N-termini. The
latter multimeriztion defects can results from either mutations in
the D1 and D2 domains of the VWF propeptide that is necessary
to catalyze intermolecular disulphide binding at the D3 domain
of mature VWF in subtyte previously indicated as IIC, or to mutations in the D3 domain itself in subtypes indicated as IIE and IIF
as well as in type IIC Miami.13
Type 2B VWD. Type 2B can be identified because of heightened response to ristocetin and absence of large multimers from
plasma.14 The multimeric structure of platelet VWF and of VWF
produced by cultured endothelial cells is normal.1-4 The inheritance pattern is mainly autosomal dominant but cases with
apparently recessive pattern are also described.1-4 A large degree
of phenotypic heterogeneity has been identified since the original description. Typical features for 2B VWD are: mild thrombocytopenia with increased mean platelet volume, prolonged BT,
low to normal FVIII, low to normal VWF:Ag, low VWF:RCo and
heightened RIPA. Thrombocytopenia can be more pronounced
during pregnancy.1-4 In some families, spontaneous platelet
aggregation occurs.1-4Qualitative defects are caused by missense
mutations, a defect that can be inherited through dominant or
recessive patterns. At least twenty one missense mutations and
one small insertion have been identified in type 2B VWD.13 All
these mutations are confined to the VWF A1 domain, which contains the GPIb-binding site. The most frequent mutations are
R1306W, R1308W, V1316M and R1341Q. A high degree of heterogeneity is associated also with type 2B VWD. Patients with different mutations are characterized by increasing platelet aggregation, thrombocytopenia and some loss of molecular weight
multimers. However, there are also peculiar subtypes of type 2B,
characterized by enhanced interaction with GPIb, but with all
the multimers and no thrombocytopenia before and after desmopressin.1-4
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Type 2M VWD. Type 2M (M for multimers) includes variants
in which binding to platelets is impaired but the VWF multimeric distribution is normal. Laboratory results generally are similar to those in type 2A, but there are high molecular weight
forms. This phenotype may be produced by mutations that inactivate specific binding sites for ligands on platelets or collagen.14 The type 2M mutations identified are located within the VWF
A1 domain and impair binding to platelet GpIb.13 Among this subgroup of 2M VWD variants, patients with type 2M Vicenza have
low levels of VWF antigen but have larger than normal multimers
(supranormal) in plasma, similar to those observed in plasma after
desmopressin infusion and in endothelial cells and platelets.15 A
new candidate missense mutation (R1205H) has been identified
in the VWF D3 domain in several families with type 2M Vicenza
VWD.16 Patients with this type 2M Vicenza, has been described
not only in Vicenza but also in Milan and in Germany.16
Type 2N VWD. Type 2N VWD (N for Normandy) is characterized
by normal levels of VWF:Ag and VWF:RCo, normal multimeric
structure, but low plasma FVIII levels. It therefore resembles
hemophilia A, but its inheritance pattern is not X-linked but autosomal recessive. Low FVIII levels, at variance with hemophilia, are
due to decreased plasma half-life of FVIII which cannot bind to
VWF, as a consequence of an intrinsic abnormality of VWF.17 Its
qualitative defects are caused by at least fourteen missense
mutations localized to the D’ and D3 repeats of VWF: defects are
inherited by recessive patterns and can be associated with additional VWF defects.17
Type 1 VWD. Type 1 is the most frequent and the milder form
of VWD. Type 1 VWD (classic) is inherited in an autosomal dominant pattern: recessive trasmission of type 1 VWD defects has
also been shown.18 Patients with type 1 VWD are characterized
by mild to moderate bleeding symptoms, normal or variably prolonged bleeding time (BT) and low levels of VWF antigen
(VWF:Ag), VWF Ristocetin cofactor (VWF:RCo) and Factor VIII
(FVIII), normal multimeric structure. Definite diagnosis requires
documentation of all three factors: inheritance, a history of bleeding and low levels of normal VWF. Patients with type 1 VWD are
also very heterogeneous.18 Based on the platelet VWF content,
three subtypes have been identified: type 1 platelet normal, with
a normal content of functionally normal VWF; type 1 platelet
low, with low concentrations of functionally normal VWF; type 1
platelet discordant, with normal concentrations of dysfunctional VWF.18 Patients with low levels of platelet VWF have more prolonged bleeding times and have usually more severe symptoms
than those with normal VWF because they have also low levels
of VWF stored in endothelial cells.1-4 The diagnosis of type 1 VWD
may be complicated by several factors which can modify VWF levels in plasma.18 First of all by ABO blood groups.18 Females can
exhibit greater variability than males and VWF levels are usually lower around the time of menses.18 VWF levels are higher in
older individuals and in patients with diabetes.18 There is also evidence for hormonal regulation of VWF levels which can be influenced by estrogens and thyroid hormones and significantly
increased during pregnancy; VWF also appears to fluctuate in
response to mild exercise.18 In many affected families possession
of a single mutant allele does not consistently cause symptoms,
so that some transmitters of the disease are asymptomatic. The
spectrum of mutations observed in these families is similar to
that in type 3 VWD, consisting mainly of deletions, frameshifts,
and non sense mutations.1-4 Type 1 VWD can be inherited as a
dominant trait with high penetrance and exceptionally low VWF
levels: this may be due in some cases by dominant negative missense mutations that impairs the intracellular transport and
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secretion of normal VWF subunit.1-4 Since a correct diagnosis of
type 1 VWD can be still a problem in many laboratories, a project is currently underway in Europe to find molecular and the
clinical markers for the diagnosis and the treatment of type 1
VWD.
Key words: congenital von Willebrand disease, clinical diagnosis, molecular and clinical markers, types and subtypes of
von Willebrand disease.
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INHERITED THROMBOPHILIA: A MULTIFACTORIAL DISORDER WITH
HETEROGENEOUS CLINICAL PRESENTATION
De Stefano V, Rossi E, Leone G
Institute of Hematology, Catholic University, Roma, Italy
In recent years the knowledge concerning inherited and
acquired causes of thrombophia greatly increased. The most
common inherited thrombophilic traits (deficiency in antithrombin, protein C, or protein S, factor V Leiden, prothrombin
G20210A) and mild hyperhomocysteinemia can be diagnosed in
40% to 50% of patients with venous thromboembolism (VTE) .
The associated risk for thrombosis is different according to genotype, being higher among the carriers of natural anticoagulants
deficiency and the homozygotes for factor V Leiden. The presence in the general population of an overall prevalence of thrombophilic traits near to 10% renders the probability of carrying
multiple defects not excessively rare, with a further increase in
thrombotic risk (up to 20-fold). Thus, clinical penetrance can be
heterogeneous, producing either mild or severe venous thrombotic manifestations, which can be unprovoked or associated
with circumstantial risk factors and occurring either in young
or advanced age. More recently inherited thrombophilia has been
focused as an important determinant of complications occurring
during pregnancy and puerperium. Carriership of inherited
thrombophilia is associated with an increased risk of VTE, particularly during puerperium. Moreover it is well established that
thrombophilic women have an increased risk for late and/or
recurrent fetal loss; whether they are at higher risk for
preeclampsia, fetal growth restriction, and abruptio placentae is
debated. Overall, 40% of women with obstetric complications
other than VTE carry a thrombophilic trait. Yet as a rule VTE or
obstetric complications seem to occur among different individuals, probably because of the presence of unknown factors
favouring either clinical manifestation.
In conclusion inherited thrombophilia is now viewed as a multicausal model, being the clinical event the resultant of genegene and gene-environment age-dependent interactions; the
associated clinical manifestations can be heterogenous as
regards severity as well as type of event (VTE or obstetric complications).
Funding: The research programs on inherited thrombophilia of
the Institute of Hematology of the Catholic University are supported by a grant of the Ministero dell’Istruzione, dell’Università
e della Ricerca (40%) (project MMO6157335.002) and by the
Funds of the Catholic University.

KERATINOCYTE STEM CELLS: IDENTIFICATION, CLONAL EVOLUTION
AND CLINICAL APPLICATION
De Luca M, Pellegrini G, Dellambra E, Guerra L, Golisano O
Laboratory of Tissue Engineering, I.D.I,
Istituto Dermopatico dell'Immacolata, Rome, Italy
The p63 transcription factor distinguishes human keratinocyte
stem cells from their transient amplifying (TA) progeny. Within
the cornea, nuclear p63 is expressed by limbal basal cells, but not
by TA corneal cells. In culture, p63 is expressed by epidermal
and limbal stem cells, but is undetectable in TA cells. Young TA
keratinocytes, have greatly reduced p63, even though they possess proliferative capacity. Keratinocyte senescence is controlled
by clonal evolution. Down regulation of 14-3-3σ prevents clonal evolution and forces keratinocytes into the stem cell compartment, allowing bypass of replicative senescence. This is
accompanied by maintenance of telomerase activity and p63
expression and by inhibition of p16INK4a. Thus, down regulation
of endogeneous sigma leads to immortalization of primary
human keratinocytes without the need of exogenous oncogenes
or oncoviruses. Epidermal regeneration obtained with autologous
cultured keratinocytes is life-saving for patients with massive
burns. Cultured epidermal sheets can be used for the treatment
of stable vitiligo. Cultured limbal stem cells restore the corneal
surface and visual acuity of patients with total limbal stem cell
deficiency. Epidermal stem cells of patients carrying junctional
epidermolysis bullosa (JEB) can be genetically corrected. We are
implementing a phase I/II clinical trial aimed at the ex vivo gene
therapy of selected JEB patients. The aim of the trial is to validate the ex vivo procedure in a clinical setting, to prove its safety, and to investigate long-term survival of transduced cells,
immune responses, persistence of transgene expression, and
mobilization of transduced stem cells outside the area of the
implant.
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MOLECULAR CHARACTERIZATION OF RESISTANCE TO THE ABL INHIBITOR
IMATINIB
Gambacorti Passerini C
Dept. Exp. Onc., NCI Milan and Hematology Section
University of Milano Bicocca, San Gerardo Hospital, Monza,
Italy
The development of STI571 (Imatinib, Glivec) as an active and
specific inhibitor of the oncogenic fusion protein Bcr/Abl epitomizes the first example of a rationally targeted oncogenic molecule. Bcr/Abl represents the cause of Chronic Myeloid Leukemia
(CML) and of part of acute lymphoblastic leukemia (ALL). Bcr/Abl
transforms cells through an altered signal transduction pathway
activated by its tyrosine kinase activity. This enzymatic activity
represents the target of STI571. Inhibition of Bcr/Abl tyrosine
kinase activity is followed by the development of apoptosis in
leukemic cells. STI571 can eradicate leukemia in animal models
and has shown substantial clinical activity in initial (phase I-II)
clinical studies. Because of its clinical activity and minimal toxicity, STI571 has been licenced in May 2001 in the US (less than
2 years after the initiation of clinical studies) and registration is
expected in Europe before the year end. In CML patients in
chronic phase who are intolerant or refractory to Interferon,
more than 50% of patients achieve durable complete cytogenetic responses (CCR); ongoing studies show that 97% of the
patients who achieve CCR maintain it after 2 years. However
only 20% of CCR patients followed at our center show negativity when tested with nested PCR, with a median follow up of
20 months. The reasons for the lack of leukemia eradication in
the majority of these patients, and the significance of this residual disease are presently unknown. Additional topics which will
be discussed include the lack of CCR in approximately 25% of
patients achieving complete hematological responses (CHR), the
development of resistance (exceedingly rare in this set of
patients), and the paradoxical failure of achieving CHR in
approximately 40% of CCR patients. Patients with acute
leukemia (either blast crisis CML or ALL) show dramatic responses to STI571 treatment, which however are not maintained in
most (>80%) patients, with the development of resistance to
STI571 within 3-9 months. Different mechanisms that contribute directly or indirectly to resistance have been discovered,
which include the binding and inactivation of STI571 by the
plasma protein α1 acid glycoprotein (AGP), the amplification of
the BCR/ABL gene, and the mutation of the BCR/ABL gene which
the codes for a protein that no longer binds STI571. This presentation will also discuss several strategies for the circumvention of resistance to STI571 in acute leukemia.
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TRANSLOCATION OF BCR-ABL: THERAPEUTIC APPLICATION
Vigneri P,^ Aloisi A,^ Stagno F,* Guglielmo P,* Martinelli G,°
Baccarani M,° Giustolisi R,* Venuta S^
^Dottorato di Ricerca in Oncologia, Università di Catanzaro,
“Magna Graecia”; *Divisione di Ematologia e Trapianto di
Midollo Osseo, Università di Catania; °Istituto di Ematologia
ed Oncologia Medica “L. e A. Seragnoli”, Università di Bologna,
Italy
The BCR-ABL gene of chronic myelogenous leukemia (CML)
codes for a cytoplasmic oncoprotein with constitutive tyrosinekinase activity. STI571 (Imatinib mesylate) is as a competitive
inhibitor of the BCR-ABL tyrosine-kinase. Inactivation of BCRABL signaling by STI571 kills CML cells both in vitro and in vivo.
We describe an alternative role for STI571 in the eradication of
BCR-ABL-expressing cells. We have previously reported that suppression of BCR-ABL kinase activity by STI571 partially restores
the nuclear translocation of the oncoprotein. When STI571 is
combined with an irreversible inhibitor of nuclear export (Leptomycin B), the BCR-ABL molecules that are imported inside the
nucleus are unable to shuttle back to the cytoplasm and remain
trapped inside the nuclear compartment. Under these conditions, reactivation of BCR-ABL kinase activity induces cell death.
Hence, nuclear entrapment of BCR-ABL may be used as a therapeutic strategy to selectively purge BCR-ABL-expressing cells
from the bone marrow of CML patients. The vast majority of
patients diagnosed with Chronic Myelogenous Leukemia (CML)
present a reciprocal chromosomal translocation involving the
BCR (breakpoint cluster region) gene on chromosome 9 and the
ABL gene on chromosome 22.1 Because of this alteration, the initial exons of BCR are juxtaposed to the last 10 exons of ABL. The
resulting chimaeric BCR-ABL gene is translated into a cytoplasmic oncoprotein with constitutive tyrosine-kinase activity.1
Through its deregulated kinase activity, BCR-ABL activates several signal-transduction pathways responsible for increased proliferation and decreased cell death of myeloid cells. STI571 (Imatinib mesylate) is a selective inhibitor of the BCR-ABL tyrosine
kinase.2 Treatment with STI571 extinguishes the signaling pathways initiated by BCR-ABL thereby leading to the death of CML
cells.3 Since BCR-ABL retains the three nuclear localization signals of ABL, we wanted to determine if the oncoprotein could
be imported to the nucleus. We found that because of a lack of
nuclear import, BCR-ABL is incapable of cytoplasmic-nuclear
shuttling and is thus confined in the cell cytoplasm.4 Interestingly, suppression of BCR-ABL constitutive kinase activity (either
by mutagenesis or STI571 treatment) led to a partial restoration
of its nuclear import. However, after moving to the nucleus,
BCR-ABL was promptly exported back to the cytoplasm. By combining STI571 with the nuclear export inhibitor Leptomycin B
(LMB), we were able to coerce BCR-ABL inside the nucleus. Reactivation of the kinase activity of a nuclear BCR-ABL induces cell
death. Hence, we propose an unconventional therapeutic
approach to CML in which the nuclear segregation of a kinase
active BCR-ABL transforms the oncoprotein from the inducer of
CML into an irreversible terminator of leukemic cells.
In order to evaluate the efficacy and selectivity of our therapeutic strategy, we have collected bone marrow samples from
both healthy donors and CML patients. To isolate hematopoietic progenitor cells, the marrow specimens have been purified on
Ficoll-Paque density gradients. Viable cells have been treated
with STI571 (10 µM/L), LMB (10 nM/L) or both drugs combined.
The exposure to STI571 totaled 12 hours while the incubation in
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LMB lasted only 8 hours. When both drugs were used together,
the LMB was added 4 hours after the STI571. The cells have then
been plated on methylcellulose media to evaluate their colony
forming capacity. Cells suspended at a concentration of 1 ×
105/mL were diluted 1:10 in methylcellulose media containing
EPO, IL-3 and GM-CSF for burst-forming unit, erythroid (BFU-E)
assays and colony-forming unit-granulocyte-macrophage (CFUGM) assays. All assays were performed in triplicates. After a 14day incubation, the colonies obtained were counted using an
inverted microscope. At least 30 well-separated colonies were
individually harvested and assessed for the presence of BCRABL using RT-PCR.
We find that, in the leukemic samples tested, combinations of
LMB and STI571 are more effective than either drug alone in
reducing both BFU-E and CFU-GM colony formation. Moreover,
RT-PCR analysis showed that the combination of STI571 and
LMB reduced the number of BCR-ABL-driven hematopoietic
progenitors. Notably, our pharmacological approach induced
only a moderate degree of toxicity on the colony-forming ability of hematopoietic cells isolated from healthy donors.
The discovery of STI571 represents an innovative therapeutic
approach targeting the molecular alteration responsible for the
development of CML.5-8 However, several reports have already
shown the occurrence of resistance to STI571 both in cell lines
and in CML patients.9-10 Our two-drug approach could provide
an alternative therapeutic strategy capable of stringently purging the bone marrow from BCR-ABL-expressing cells. In turn,
this could transform autologous bone marrow transplantation
into a viable option for all patients affected by a BCR-ABL-positive leukemia.
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C001
CORD BLOOD CD34+ CELL MEGAKARYOCYTE DIFFERENTIATION ABILITY
AFTER EXTENSIVE EX VIVO EXPANSION: IN VITRO AND IN VIVO MODELS
Bruno S, Gunetti M, Cavalloni G, Gammaitoni L, Aglietta M,
Piacibello W
University of Turin Medical School, Division of Clinical
Oncology, IRCC Cancer Center, Candiolo
After cord blood (CB) transplant, recovery of megakaryocytopoiesis is often very delayed, so it is important to understand
why it is so slow and to find culture conditions that could help
speed up platelet recovery. In this work we investigated the ability of different hematopoietic growth factor combinations to
generate ex vivo large numbers of megakaryocyte (Mk) cells. To
optimize the cytokine combination for ex vivo differentiation
into Mk lineage, fresh cord blood CD34+ (bCD34+) cells were cultured in the presence of various cytokine combinations and
weekly analyzed for cell number, phenotype, ploidy and clonogenic ability. The combination of thrombopoietin (TPO) and stem
cell factor (SCF) was found to be sufficient to obtain high numbers of Mk cells (200 fold-increase) that showed signs of polyploidization (16N); the addition of Interleukin 3 (IL-3) and IL-6
did not significantly increase Mk number and maturation. The
same growth factors were used to investigate Mk differentation
on CD34+ and CD34− cells immunoselected after 4 weeks of
expansion with TPO, SCF and Flt-3 ligand (FL) (eCD34+, eCD34−
). In contrast with results obtained with bCD34+, only the
cytokine combination of IL-3+SCF+IL-6+TPO induced the largest
Mk production from eCD34+ and eCD34− cells (55-fold and 9fold, respectively); SCF + TPO was of little effect. To evaluate
whether Mk-committed cell could hasten Mk reconstitution,
Mk-differentiated population were injected into sublethally irradiated non-obese diabetic (NOD) severe combined immunodeficient (SCID) mice. Mice were sacrificed at early time points (1,
2, 3 weeks) for assessment of levels and type of human marrow
reconstitution. High levels of Mk engraftment (CD34+/CD41+;
CD34− CD41+, CD62+) were detected already at week 1 postinjection of MK-oriented cells generated from both bCD34+ and
eCD34+ cells. In mice injected with Mk-differentiated-bCD34+ or
eCD34+, human platelets appeared at day 3 and disappeared
after 4 weeks from transplant. In vivo generated human platelets
were functional as demonstrated by a positive thrombin test.
These results can be regarded as a useful suggestion for implementing ex vivo expansion+partial differentiation protocols.

HUMAN BONE MARROW ENDOTHELIAL-COLONY GROWTH BEFORE AND
AFTER STEM CELL TRANSPLANTATION IN NON-HODGKIN’S LYMPHOMA
PATIENTS
Lanza F, Campioni D, Punturieri M, Dabusti M, Tieghi A,
Castagnari B, Spanedda R, Castoldi G
Section of Hematology, Department of Biomedical Sciences
and Advanced Therapies, University of Ferrara
Human bone marrow endothelial cells (HBMEC) are the essential component of the bone marrow microenvironment and
recently it has been clarified that interaction between
hematopoietic cells and endothelial cells is also important in
normal hematopoiesis and in leukemogenesis. In a recent paper,
we described an in vitro assay to detect endothelial colonies
(CFU-En) in bone marrow (BM) of multiple myeloma. In order to
assess whether HBMEC could be detected and characterized in
the bone marrow microenvironment of non-Hodgkin’s lymphoma (NHL) patients in remission and after autologous peripheral blood stem cell (PBSC) transplantation, BM mononuclear
cells from 70 NHL patients (B cell type, n. 62; T-cell type, n. 8;
high-grade, n. 45; intermediate grade, n.8; low-grade, n. 17) at
the onset and in different phases of the disease, and from 8 controls were seeded in an unselective medium to assess EC proliferation. As far as the morphological features of CFU-En are concerned, they appeared as small clusters of sometimes bi-nucleated cells expressing factor VIII, CD31, CD106 and CD105 antigens. The mean number of CFU-En/106 BM mononucleated cells
observed in NHL patients in remission phase was significantly
higher (2.12 ± 2.44 SD) than that in normal subjects (0.41 ± 0.48
SD; p=0.047) and NHL patients studied at the onset of their disease (0,67 ± 1,4; p=0,014). A significantly higher CFU-En number was observed in low-grade NHL than in high-grade NHL
while significant reduction of CFU-En colonies was detected in
NHL patients in particular between four-six months after PBSCT
(p=0.046). An interesting finding was the observation that the
number of CFU-En colonies was inversely correlated with the
number of mobilized and harvested CD34+ cells. However, further studies are needed to better clarify whether these CFU-En
colonies could be an in vitro expression of a persistent microenvironmental angiogenesis phenomenon or/and they could also
be associated with a non-pathologic neovascularization process
that contributes to a paracrine growth mechanism between
these cells and hematopoietic progenitors. Finally the cultured
CFU-En in NHL remission patients could also provide a suitable
in vitro model to further investigate the mechanisms of progenitor cell trafficking especially during mobilization procedures.
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C003
KINETIC FEATURES OF Lin-/CD34- and Lin-/CD34+ STEM CELLS
FROM NORMAL DONORS AND CHRONIC MYELOID LEUKEMIA PATIENTS
Lemoli RM,* Fogli M,* Gregorj C, Petrucci MT, Ricciardi MR,
Testoni N,* Amabile M,* Mazzola F, Foà R, Baccarani M,*
Mandelli F, Tafuri A
Ematologia Dipartimento di Biotecnologie Cellulari ed
Ematologia, Università “La Sapienza” Roma;
* Istituto di Ematologia ed Oncologia Medica
“L. & A. Seragnoli” Università di Bologna
We previously reported (Blood 89:1189, 1997) that peripheral blood (PB) mobilized CD34+ cells are characterized by a different cell cycle distribution and functional properties as compared with their bone marrow (BM) counterparts. Despite their
quiescent profile, PB CD34+ cells show all cycling properties and
the ability to rapidly progress into S-phase under CSF stimulation. We now evaluate the molecular cell cycle regulation of
hematopoietic stem cells detecting functional and kinetic
changes associated with the expression of the CD34 antigen.
Lin-CD34− and Lin−CD34+ stem cells were fluorescence activated cell sorted from BM (4 cases) and G-CSF-primed PB (6 cases) of healthy donors. The CD34− cell fraction did not contain
both clonogenic cells in semisolid culture and LTC-IC as measured by the weekly output of CFU−C in 8 weeks culture. However, stroma-dependent liquid culture, in the presence of CSF,
induced the expression of the CD34 antigen on a proportion of
early stem cells and this finding was associated with the acquisition of clonogenic capacity and the ability to generate LTC-IC.
Flow cytometric analysis of the cell cycle-dependent inhibitor
p27 demonstrated a significantly (p= 0.04) lower protein expression in G-CSF-primed Lin-CD34+ (mean MIF= 5.1 ±3) as compared with Lin-CD34- (13 ±7.2). When we measured the cell
cycle distribution of the stem cell compartment in G-CSF-mobilized samples, we found a higher percentage of G0 Lin-CD34cells (mean= 73.4%) as compared with Lin-CD34+ cells (38.4%).
No S-phase cells were detected in either stem cell sub-population. In CML patients, FISH and quantitative RT-PCR assays
demonstrated that approximately one third of Lin-CD34− cells
are leukemic. The expression of CD34 antigen is associated with
a significantly higher percentage of Ph+ cells. p27 was overexpressed in Lin-CD34− cells: 24.2 ±18 vs 5.2 ±1.7 in Lin-CD34+
cells. Moreover, cell cycle distribution showed a significantly
(p=0.0015) higher percentage of G0 Lin-CD34− (mean= 91%)
compared to CD34+ cells (19.37%) and a lower percentage of Sphase cells: 0.2% vs 7.8%, respectively. However, despite the
kinetic quiescence, functional studies demonstrated clonogenic
capacity of leukemic CD34− stem cells. In conclusion, our study
demonstrates that expression of CD34 antigen on normal
human stem cells is associated with cell cycle recruitment and
the down-regulation of the negative cell cycle regulator p27.
Conversely, in leukemic hematopoiesis, expression of p27 is ineffective in inhibiting stem cell proliferation.
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C004
ANALYSIS OF THE EXPRESSION AND ACETYLATION OF CORE HISTONE TAILS
IN GREATLY PROLIFERATING AND SELF RENEWING NORMAL
HAEMOPOIETIC PROGENITORS
Lunghi P,* Gammaitoni L,° Pinelli S,* Aglietta M,°
Piacibello W,° Bonati A*
*Department of Clinical Sciences, University of Parma Medical
School; °Institute for Cancer Research and Treatment (IRCC),
Candiolo, Torino
We investigated the expression of the histone deacetylase
(HDAC) complex and histone H3 and H4 acetylation in the cord
blood hematopoietic progenitors (HP) in the phases of high selfrenewal and great expansion, and after IL-3 stimulus to differentiation. To perform our experiments we used a stroma-free cell
culture system in which the combination of FLT3 ligand (FL),
stem cell factor (SCF) and thrombopoietin (TPO) induces massive
expansion and proliferation of cord blood HP. In this culture system, the addition of IL-3 results in a rapid decrease of HP due
to the prevalence of maturation and cell death. Experiments of
immunoblotting after cell lysis and of immuno-histochemistry
were carried out. We showed that the expression of HDCA1, and
of the silencing mediators termed silencing mediator of retinoid
and thyroid receptors (SMRT) or nuclear co-repressor (N-CoR)
was detectable in the CD34+ progenitors taken from unstimulated cord blood, from the phase stimulated with FL, SCF, TPO,
and from the phase stimulated with the addition of IL-3. Conversely, the HDAC complex was not detectable in the CD34progenitors of the three phases. Histone H3 acetylation was
increased four times after IL-3 differentiation-stimulus with
respect to the other phases. We did not detect histone H4 acetylation in the different phases examined. HDAC activity was
increased in total cellular lysates after IL-3 stimulus. A better
knowledge of the behavior of core histone tail expression and
acetylation in high proliferating or differentiating normal HP is
important for innovative attempts directed to increasing the
expansion and self-renewal of HP with compounds capable of
modifying the status of acetylation of target molecules. The
behavior of HDAC activity suggests that it is mandatory to investigate some of these molecules both in cytoplasmic and nuclear
fractions.

C005
MESENCHYMAL STEM CELL ISOLATION, CHARACTERIZATION AND
MULTILINEAGE DIFFERENTIATION IN VITRO: COMPARISON OF DIFFERENT
CELL SOURCES
Pierdomenico L,* Rondelli D,° Locatelli F,# Calvitti M,§°
Bonsi L,* Ghinassi B,* Marchionni C,* Fossati V,* Franchina M,+
Becchetti E,§ Bagnara GP*
*Institute of Histology, University of Bologna; °Institute of
Hematology and Medical Oncology “L&A Seragnoli”, University
of Bologna; #Department of Pediatrics, University of Pavia;
§Department of Experimental Medicine and Biochemistry, University of Perugia; +Department of Obstetrics and Gynecology,
University of Bologna
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Mesenchymal stem cells (MSCs) are pluripotent stem cells
with the capacity to differentiate into bone, cartilage, fat, muscle and marrow stroma. The identification of MSCs is not easy
because these cells have few molecular markers. For MSC isolation and characterization, we used specific SH monoclonal antibodies from Osiris Therapeutics of Baltimore (which we have an
agreement). SH2 antibody reacts with endoglin (CD105), the
transforming growth factor-β receptor III present on endothelial cells and the SH3, SH4 antibodies recognize distinct epitopes on CD73. Moreover MSCs are CD166 and CD29 positive as
well as CD34, CD14 and CD45 negative. In this work we describe
our results about the isolation and characterization of mesenchymal stem cells from normal bone marrow, from cord blood
and especially from peripheral blood. For all samples both MSC
expansion and differentiation into chondrogenic, osteogenic and
adipogenic lineages were tested in vitro and cell growth and differentiation were compared and referred to the different sources
of samples. Results confirm that bone marrow is the most important source of MSCs for both their in vitro expansion and their
multilineage differentiation.

C006
HUMAN ENGRAFTMENT OF EX VIVO AMPLIFIED CORD BLOOD CELLS IN
NOD/SCID MICE IS IMPROVED BY ACCESSORY CELLS
De Felice L, Terenzi A,* Mascolo MG, Agostini F, Falzetti F,*
Di Ianni M,* Pasqualetti D, Simone F, Amaranto P, Tabilio A,*
Arcese W
Department of Biotecnologie Cellulari ed Ematologia,
University "La Sapienza" Rome; *Ematologia ed Immunologia
Clinica, University of Perugia, Italy
Several clinical reports have validated the role of cord blood
(CB) as an effective source of hematopoietic stem cells (HSC) for
allogeneic transplant. Nevertheless, the cell content of each CB
unit is limited and, depending on the patient’s size, time to
engraftment and survival are significantly affected by the number of HSC infused. Looking at the requirement of clinical setting we have previously standardized a short term in vitro amplification method for CB HSC. In the present study, in order to
reduce the risk of complications associated with the prolonged
post-transplant aplasia, the following experimental approaches
have been investigated in a NOD/SCID transplant model: 1)
transplant of higher numbers of stem/progenitor cells generated by in vitro amplification, 2) co-transplant of accessory cells
along with CD34+ cells to improve the homing of HSC, 3) cotransplant of expanded cells along with accessory cells. CD34+
cells from thawed CB units were amplified with flt3L/SCF/IL-3
over 7 days (input cell number 4-7.5 × 104 CD34+ cells). The early (7-28 days) and long term (6-12 weeks) engraftment was
evaluated in 100 NOD/SCID mice by: 1) cytofluorimetric detection of CD45+ cells in BM and spleen and 2) PCR amplification
of human specific sequence (p17H8) on mice BM colonies.
NOD/SCID mice (n=57) transplanted with unexpanded CD34+
cells were used as controls. The overall results show that the rate
of engraftment in mice transplanted with amplified cells or
unexpanded CD34+ cells was not significantly different (64% vs
81%). An equivalent number of human progenitors was detected (5,084 vs 5,093 huCFC/mouse), although the human CD45+
cells in BM of control mice were higher (p=ns) than in recipients
of amplified cells (4.93% ± 12.8% vs 1.45% ± 3.26%). In early
controls the amplified cells had an in vitro proliferative advan-
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tage on unexpanded cells both in terms of higher number of
huCD45+ cells (0.30% vs 0.14%) and huCFC (1,228 vs
1,011/mouse). A correlation between cell dose injected and
engraftment was detected in both groups of mice, however an
impairment of the long term engraftment rate was detected in
recipients of amplified cells only at the lower (4 × 104 CD34+)
cell dose transplanted. The co-transplantation of accessory cells
(5 × 105 irradiated CD34− cells/mouse) along either with amplified or unexpanded CD34+ cells was associated with a substantial improvement of: i) the rate of engraftment (15-20%
increase), ii) the number of huCD45+ cells (3.1 and 4.9 fold) and
iii) huCFC (3.1 and 1.2 fold) in BM of mice receiving respectively amplified and unexpanded cells. In conclusion, the results in
animal models suggest that the amplified cells might be useful
in improving early engraftment without any loss of long term
engraftment potential and, finally, that engraftment can be further improved by the co-transplantation of accessory cells.

C007
ENGRAFTMENT CAPACITY OF BONE MARROW-DERIVED MESENCHYMAL
CELLS FOLLOWING HEMATOPOIETIC STEM CELL TRANSPLANTATION IN
PATIENTS RECEVING REDUCED INTENSITY CONDITIONING REGIMEN
Poloni A, Balducci F, Buscemi L, Discepoli G, Costantino E,
Masia MC, Leoni P, Olivieri A
Clinica di Ematologia e di Immunologia e Istituto di Medicina
Legale, Università di Ancona, Laboratorio di Citogenetica,
Ospedale Salesi di Ancona
The engraftment ability of bone marrow-derived mesenchymal
cells was investigated in 12 patients receiving allogeneic transplantation from HLA identical siblings with reduced intensity
conditioning combining thiotepa (5-10 mg/Kg), fludarabine (60
mg/sm) and cyclophosphamide (60 mg/Kg). Five patients were
affected by NHL, 6 by acute leukemia and 1 by multiple myeloma. The stem cell source was bone marrow in 4 patients and GCSF-mobilized peripheral blood hematopoietic cells in 8 cases.
Graft–versus-host disease prophylaxis consisted of cyclosporine
A and a short course methotrexate. Donor lymphocyte infusions
were given to 2 patients relapsing after day +90. The chimerism
evaluations were performed by PCR analysis of STRs minisatellites and the amelogenin locus, by using capillary electrophoresis (CE) and by FISH analysis in case of the sex mismatch. All
patients engrafted very quickly and chimerism evaluation (both
on myeloid and on lymphoid subsets) showed that all of them
were full donor by day + 30. Eight out 12 marrow samples harvested from 12 patients generated a marrow stromal layer adequate for chimerism evaluation. Monocyte-macrophage contamination of marrow stromal layers was always reduced below 1%
by repeated trypsinizations and treatment with the leucyl-leucine
(leu-leu) methyl ester. In four patients a partial donor origin of
stromal cells was shown (23-86% cells of donor). The source of
hematopoietic cells was bone marrow in two patients and mobilized peripheral blood in the other two. All patients were in complete hematological remission at the time of the study, displayed
a full donor hematopoiesis and showed no clinical GVHD. In vitro culture of hematopoietic cells revealed significant reduction
of the hematopoietic stem cell compartment (LTC-IC)and of
megakaryocytic progenitors (CFU-MK), granulocyte-macrophage
(CFU-GM) and erythroid (BFU-E) progenitors were normal. Up to
now these preliminary data do not allow any correlation with the
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outcome of patients or in particular with the incidence and the
severity of GVHD as suggested by the use of expanded mesenchymal cells, but they clearly show that, while in the haploidentical setting this happens very rarely, in this HLA-identical
setting, donor marrow stromal progenitors can reconstitute the
bone marrow microenvironment in a relevant proportion of cases also with reduced intensity conditioning.

C008
DENDRITIC CELL TYPE-1 AND TYPE-2 RECONSTITUTION AFTER ALLOGENEIC
PERIPHRAL BLOOD STEM CELL TRANSPLANTATION: ROLE OF
GRAFT-VERSUS-HOST DISEASE AND STEROID TREATMENT
Arpinati M, Bonifazi F, Chirumbolo G, Urbini B, Stanzani M,
Falcioni S, Bandini G, Tura S, Baccarani M, Rondelli D
Research Center for Transplant Immunology, Institute of
Hematology and Medical Oncology “Seràgnoli”,
University of Bologna, Italy
It is established that allogeneic hematopoietic stem cell transplantation (allo-HSCT) is associated with long-lasting quantitative as well as qualitative defects of lymphocytes after transplant, while very little is known regarding dendritic cells (DC)
recovery in the peripheral blood (PB). In this study, we describe
the kinetics of reconstitution of two distinct subsets of DC (DC1 and DC-2) in the blood of 33 adult patients, undergoing allogeneic G-CSF mobilized PBSC transplantation from HLA-identical siblings for various hematological malignancies (11 MM, 7
AL, 7 CML, 5 NHL and 2 MDS). Multiple color flow cytometry was
used to determine the number of circulating DC-1 (identified as
HLA-DR+, lin−, CD11c+), DC-2 (HLA-DR+, lin-, CD123+), T-lymphocyte subsets (CD3+, CD3+CD4+ and CD3+CD8+), B lymphocytes (CD19+), NK cells (CD56+), and monocytes (CD14+) at 1, 3,
6 and 12 months after transplant, as well as of 27 age-matched
healthy controls. Median PB numbers of DC-1 and DC-2 in normal donors were 15.5 (range 4.9-55.6) and 8.6 (range 1.8-39.3)
×106/L, respectively. Median PB DC-2 levels in recipients of allogeneic PBSC were reduced at 1 month after transplant
(1.1×106/L, range 0-13.3) (n=33), then progressively increased at
3 (2.8×106/L, range 0.1-12.6) (n=27), 6 (4.7×106/L, range 0.210.4) (n=20) and 12 months (5×106/L, range 0.4-15.5) (n=15).
Similarly, median PB DC-1 numbers were 5.9×106/L (range 0.330.5) at 1 month, 6.8×106/L (range 0.3-41) at 3 months,
11.2×106/L (range 2.9-27.4) at 6 months and 13.4×106/L (range
3.3-48.2) at 12 months after transplant. Patients with acute
GVHD, either mild (grade I) (n=14) or moderate/severe (grade IIIV) (n=9), showed significantly lower numbers of PB DC-2 than
patients with no GVHD (n=10) at 1 month after transplant
(1.7×106/L and 0.5×106/L versus 4.9×106/L, respectively, p=0.03).
At 3 months, only patients with GVHD II-IV still had reduced PB
DC-2 counts. DC-1 had a similar trend, although the difference
was not statistically significant. Furthermore, in patients surviving > d100 (n=21), development of chronic GVHD (n=12) was
associated with reduced PB DC-2 numbers at 6 months after
transplant (2.7×106/L versus 7.3×106 in patients with no chronic GVHD, p=0.02), while PB DC-1 numbers were similar. B lymphocytes, NK cells, CD8+ T lymphocytes and monocytes were not
affected by GVHD, while CD4+ T lymphocytes were reduced in
patients with severe acute GVHD, but only at 3 months after
transplant. Treatment with moderate to high doses of glucocorticoids (GC) (>0.1mg/kg) was also associated with reduced PB
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DC-2 numbers, as compared to patients not receiving GC, at 1
month (0.9×106/L vs 4.7×106/L, p=0.01), 3 months (2.6×106/L vs
3.8×106/L, p=0.07), 6 months (1.5×106/L vs 5.7×106/L, p=0.01)
and 12 months (1.2×106/L vs 5.6×106/L, p=0.02) after transplant.
Although PB DC-1 numbers were similarly affected by GC, the
difference was significant only at 6 months after transplant. PB
DC-2 and DC-1 numbers after transplant did not correlate with
recipient age or gender, type of conditioning, type of GVHD prophylaxis, disease status or cellular composition of the graft. In
multivariate analysis, the number of PB DC-2 was affected by
both acute GVHD (p=0.005) and GC (p=0.0007), but not by
chronic GVHD (p=0.39). Our results suggest that recipients of
allogeneic PBSC have reduced numbers of DC-2 and DC-1 for up
to 1 year after transplant. Moreover, recovery of DC-2 and, possibly, DC-1 after transplant is profoundly impaired in patients
developing acute GVHD and/or receiving high dose-GC.

C009
GENE POLYMORPHISMS OF MOLECULES INVOLVED IN IMMUNE REACTIONS
AS A RISK FACTOR FOR CHRONIC GRAFT-VERSUS-HOST DISEASE
DEVELOPMENT IN HEMATOPOIETIC STEM CELL TRANSPLANTATION
Vannucchi AM, Bosi A, Salati A, Guidi S, Busca A,§ Glinz S,
Porfirio B,* Dall’omo A,§ Lombardini L, Giorgi M,* Graziano C,*
Locatelli F,§ Rossi Ferrini P
BMT Unit, Dept Hematology, and *Dept Clin Physiopathol,
University of Florence; §BMT Unit, Osp Maggiore
San Giov. Battista, Turin
Graft-versus-host-disease (GvHD), the most common complication of allogeneic hematopoietic stem cell transplantation
(HSCT), is believed to originate from the dysregulated release of
inflammatory cytokines that follows the tissue damage induced
by the radiochemotherapy conditioning regimen, and that in
turn induces donor’s lymphocytes to react against host tissues.
Recent reports suggest that polymorphisms of genes encoding
for cytokines potentially involved in the pathogenesis of GVHD
(IL-10, TNF-α, IFN-γ, IL-1RA, IL-6) may be associated with an
increased risk of either acute or chronic GVHD after HLAmatched hematopoietic stem cell transplantation (HSCT) from
sibling donors; this hold true, in some cases, both for patient’ and
donor’ alleles. Determination of these genetic polymorphisms
might be useful for the identification of patients at greater risk
of developing GVHD, hence for planning more aggressive prophylactic regimens; furthermore, they might also help in donor
selection whenever more than one compatible donor is available.
We report our experience in 85 patients transplanted from an
HLA-matched sibling and in 70 patients subjected to an HLAmatched MUD transplant, and their donors. The following polymorphisms were analyzed: IL-1β (nt 3,953 C→T), IL-1RA (VNTR
intron 2), IFN-γ (dinucleotide repeats within first intron), IL-10
(microsatellite nt –1,064), CD14 (nt 1344G→C), MTHFR (nt 677
C→T and nt 1,298 A→C), CTLA-4 (nt +49 A→G). We failed to
observe significant associations of these gene polymorphisms
with acute GVHD occurrence or severity, although there was a
trend for IL-1β in sibling recipients and both MTHFR (recipient
and donor) and donor IL-1RA in MUD transplants. On the other
hand, we found that development of chronic GVHD was associated with specific recipient and donor gene polymorphisms.
These were: in both sibling and MUD transplants, recipient IL1RA allele 2 and (MUD transplant) CTLA4 allele A; for sibling and
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MUD donor, IL-1RA allele 2 and for MUD donors only CD14 allele
A. A multivariate analysis including cytokine polymorphisms
and other known risk factors for acute and chronic GVHD was
performed: advanced age and F donor to M recipient were risk
factors for acute GVHD, with CMV serologic positivity bordeline, while development of previous acute GVHD and advanced
age were risk factors, in addition to the above mentioned gene
polymorphisms, for chronic GVHD development but not severity. These data suggest that gene polymorphisms of molecules
potentially involved at different points in the pathogenesis of
chronic GVHD might be considered as clinically-significant risk
factors; on the other hand, HLA-linked features and other
unknown genetic factors appear to be mostly responsible for
the development of acute GVHD, so that analysis of cytokine
gene polymorphisms might be dispensable in this setting.

C010
AUTOLOGOUS HEMATOPOIETIC STEM CELL TRANSPLANTATION IN
SECONDARY PROGRESSIVE MULTIPLE SCLEROSIS: CLINICAL,
MAGNETIC RESONANCE IMAGING AND LABORATORY FINDINGS
Saccardi R,* Mancardi G,§ Bacigalupo A,# Di Bartolomeo P,°
Ballerini C,£ Biagioli T,£ Donelli A,$ Gualandi F,# La Nasa G,&
Murialdo A,§ Pagliai F,* Papineschi F,+ Saglio G,@ Treggiai E,£
Marmont A# Il Gruppo Cooperatore Italiano (Firenze, Genova,
Pescara, Cagliari, Pisa, Orbassano, Modena)
*BMT Unit, Osp. Careggi, Firenze, §Neurology Dpt, Osp.
S. Martino, Genova, #BMT Unit, Osp. S.Martino, Genova, °BMT
Unit, Pescara, £Neuroimmunology Lab., Osp. Careggi, Firenze,
$BMT Unit, Modena, &BMT Unit, Osp. Binaghi, Cagliari, +BMT
Unit, Osp. S.Chiara, Pisa, @Internal Medicine and Hematology
Dpt, Osp. S.Luigi, Orbassano, TO

23

months, then every three months until month 24. Neurophysiological, psychological tests and CSF examination were also performed. Mobilization was successful in all cases with a median
number of CD34+ collected of 9,06 (3,51-26,02). In one case a
severe hemorrhagic cystitis occurred after the administration of
CY 4 g/m2. The conditioning regimen was well tolerated but
infections were common. Days with PMN<0.5×109/L and Plts
<50×109/L were 7,5 (6-12) and 10 (6-14) respectively. In 5 cases we observed a CMV reactivation within 3 months after AHSCT.
Immunological recovery after transplantation showed a marked
decrease of all lymphocytic subsets; circulating CD4+ count
remained below the normal range for a longer time as compared
to CD8+, thus resulting in a marked inversion of CD4+/CD8+ ratio
up to two years. Low CD19+ and CD3-16/56+counts were shown
as well. During the first year, a very low number of cells with a
CD45RA+RO-naive phenotype was also detected. In all patients
we observed a complete suppression of MRI enhancing activity
which is sustained in time. The median follow-up is now 25
months (range 9-48). After 1 year there was a decrease of T2
total lesion load and volume of black holes of 8% and 19%
respectively. Brain atrophy was still present and ongoing, but it
appeared to slow after the 6th month. Clinically patients were
stable or slightly improved. Six months after AHSCT, 6 patients
developed multiple oligoclonal IgG bands (OB) in the serum, and
many of them were also present in the CSF. After 12 and 24
months OB were still present in the serum and additional OB
were detected in the CSF, but an accumulation of clonally related B cells, present before treatment, was no more detectable. We
also evaluated the functional repertoire of MBP-reactive T cells
in comparison of those specific for recall antigens and MBP avidity repertoire, showing 6 and 12 months after transplantation a
marked increase in the incidence of positive samples characterized by low antigen requirement.

High dose immunoablation followed by autologous hematopoietic stem cell transplantation (AHSCT) is being increasingly utilized for the treatment of severe autoimmune diseases,
unresponsive to conventional therapies. In multiple sclerosis
(MS) five phase I/II studies have been published, demonstrating
that AHSCT is feasible and is associated with a stabilization of
the disease course in the majority of cases. Recently, a phase II
trial with the aim of evaluating the effect of AHSCT on MRI
enhancing activity has been organized in Italy. Sixteen patients
with secondary progressive MS, with EDSS between 5 and 6.5,
unresponsive to conventional treatments and with clinical and
radiological signs of active disease, were mobilized with CY 4
g/m2 followed by G-CSF 5 µg/Kg. The ablative regimen was
BEAM, followed by rabbit ATG. Patients were then submitted to
monthly MRI, with triple dose of gadolinium for the first six
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C011
EXPRESSION OF SURVIVIN IN ACUTE LEUKEMIAS AND MYELODYSPLASTIC
SYNDROMES
Invernizzi R, Travaglino E, Pecci A, Ascari E
Medicina Interna ed Oncologia Medica, Università di Pavia,
IRCCS Policlinico S. Matteo, Pavia
Survivin is an inhibitor of apoptosis of the IAP gene family,
which, at the beginning of mitosis associates with microtubules
of the mitotic spindle.1 Present during embryonic and fetal development, it was undetectable in normal adult tissues, but overexpressed in various human neoplasias, acute leukemias included.2-5 Survivin expression in solid cancers correlated with unfavorable disease and shortened survival.6-9 However, no data have
been reported on the potential role of this cell cycle-regulated
anti-apoptotic pathway in myelodysplastic syndromes (MDS).
We analyzed the expression of survivin in bone marrow cells
from 35 patients with acute leukemia (AL), 20 myeloid (AML), 15
de novo (2 M1, 4 M2, 1 M3, 4 M4, 2 M5, 1 M6 and 1 M7) and 5
secondary, and 15 lymphoid (ALL), 3 T and 12 of the B-lineage,
at the onset, from 34 patients with MDS (15 RA, 8 RARS, 6 RAEB,
3 RAEB-t and 2 CMML) not previously treated, and from 12 non
hemopathic subjects. Our aim was to evaluate whether abnormalites in its expression were associated with peculiar laboratory and clinical findings. Moreover, a possible correlation was
investigated between survivin positivity and altered apoptosis
level, as measured by the TUNEL technique, or altered proliferative rate, as evaluated by MIB-1 immunostaining. Survivin was
detected by an immunoalkaline phosphatase method (streptavidin-biotin complex) using a primary murine monoclonal antibody raised against human recombinant survivin (clone 8E2,
NeoMarkers). In normal samples survivin was never detectable
in erythroid or megakaryocytic cells. Weak expression was
observed in rare immature myeloid cells. In AL and MDS the
number of positive cells and intensity of staining were heterogeneous. Survivin, localized in the cytoplasm of blasts in a paraor perinuclear area, was detected in 15/20 cases of AML (75%),
5/15 cases of ALL (33%) and 29/34 cases of MDS (85%), with
mean percentages of positive blasts respectively of 17.1% (range
0-38), 2.1% (range 0-11) and 12.3% (range 0-28). In ALL the
percentages of positive blasts were significantly lower than in
AML and in MDS (p=0.01). Survivin expression was unrelated in
AML to the morphological subtype, and in ALL to the immunological phenotype. In MDS with more than 5% bone marrow
blasts percentages of survivin positive cells tendentially higher
than in RA and RARS were observed. In most AML and MDS cases a significant inverse correlation was found between survivin
and TUNEL positivity (p=0.006), whereas survivin expression was
independent of the proliferative rate. No significant relationship
was observed between survivin levels and clinical and laboratory features such as age, leukocyte count or karyotype. In conclusion, our findings confirm the high incidence of survivin
expression in AML blasts; its abnormal expression also in MDS
may play a role in promoting aberrantly increased cell viability
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and so contribute to the altered homeostatic balance between
cell growth and cell death, that seems to be one of the most
important physiopathological mechanisms of MDS.
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C012
CARBOXY-TERMINAL FRAGMENT OF OSTEOGENIC GROWTH PEPTIDE
IN VITRO INCREASES BONE MARROW CELL DENSITY IN IDIOPATHIC
MYELOFIBROSIS
Fazzi R,§ Pacini S,§ Testi R,§ Orciuolo E,§ Testi C,°
Azzarà A,§ Carulli G,§ Metelli R,* Petrini M§
§Department of Oncology, Transplant and Advanced Technology
in Medicine, Division of Hematology, University of Pisa;
°Division of Pathology, S. Chiara Hospital, Pisa;*
Department of Internal Medicine, University of Pisa
Idiopathic myelofibrosis (IMF) is a clonal stem cell disorder
accompanied by reactive myelofibrosis sustained by a cytokine
network with fibrogenetic, angiogenetic and osteogenetic
potential derived from clonal cells. Carboxy terminal pentapeptide of osteogenic growth factor (OGP 10-14) is able to increase
blood and bone marrow cellularity and to enhance engraftment
of bone marrow transplants in mice as well as to increase human
hematopoietic colonies in semisolid medium. This latter action
appears largely mediated by OGP 10-14 enhancement of the
activity of specific growth factors. A fragment of bone marrow
biopsies of twelve patients with myelofibrosis was cultured in the
presence or absence of OGP 10-14. After 14 days, bone marrow
cellularity was significantly increased in eight out of twelve OGP
10-14-treated samples (p<0.05), while in the other four there
was an appreciable, although statistically not significant,
increase in cellularity. No appreciable differences in the amount
of fibrosis were found. Quantitative evaluation of megakaryocytes in our samples was not possible, even by histochemichal
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methods, but detection of CFU-Mk on bone marrow samples in
the presence of OGP 10-14 showed a net reduction of the number of colonies. Moreover, preliminary data reveal an increase of
TGF-β in culture with OGP-10-14. The demonstration that
megakaryocyte growth is inhibited by OGP 10-14 in IMF, strongly supports the hypothesis that the peptide activity on cellularity of cultured bone marrow biopsies from patients affected by
IMF is, at least partially, related to megakaryocyte inhibition.

C013
ANALYSIS OF TRANSFERRIN RECEPTOR-2 EXPRESSION IN HEMATOPOIETIC
CELLS AND CELL LINES BY MONOCLONAL ANTIBODIES
Bosco M, Deaglio S,* Calì A, Alberti F, Gnocchi V,
Malavasi F,* Camaschella C
Dipartimento di Scienze Cliniche e Biologiche, Università di
Torino; *Laboratorio di Immunogenetica, Dipartimento
di Genetica, Biologia e Biochimica, Università di Torino
Cellular iron uptake in proliferating cells is mediated by transferrin receptor (TfR). Recently, a homolog of TfR, designated as
TfR2, has been identified. TfR2 mRNA is expressed at high levels only in liver and in erythroid precursor cells. Although TfR2
is able to mediate transferrin uptake in transfected cell lines, it
is not iron-regulated, as can be deduced from the absence of
iron-responsive elements in 5’- or 3’-untranslated ends of its
mRNA, and its physiologic functions remain to be elucidated.
Subjects with inactivating mutations of TfR2 gene develop an
iron overload disorder designated as hemochromatosis type 3
(HFE3). In a recently proposed model of iron homeostasis,
increased hepatocellular uptake of transferrin-bound iron by
TfR2 could lead to increased secretion of the peptide hepcidin
which, by interacting with β2M-HFE-TfR complex on duodenal
crypt cells, could increase their iron uptake and content and
therefore decrease dietary iron absorption by differentiated enterocytes. We have investigated the expression of TfR2 on normal
and leukemic bone marrow and on hematopoietic cell lines
(HL60 and K562) by using monoclonal antibodies (MoAbs) specific for TfR2 raised by immunizing Balb/c mice with murine
fibroblasts transfected with the human TfR2 gene. Preliminary
results obtained by means of multicolor flow cytometry on normal human bone marrow show no detectable expression of TfR2
on all examined cell compartments, including erythroblasts and
at least the great majority of committed and uncommitted
CD34+ precursor cells. Futhermore, absent expression of TfR2
was found in myeloid blasts from all non-M6 acute myelogenous
leukemias so far examined as well as in myeloid blasts and erythroblasts from myelodysplastic syndromes. Similar results were
obtained using anti-TfR2 MoAbs derived from different clones.
These preliminary data indicate that TfR2 is not involved in
transferrin-bound iron uptake by terminally differentiated erythroid cells or by normal and leukemic blasts. In order to confirm that iron plays no role in the regulation of TfR2 expression,
the erythroleukemia cell line K562 and hepatoblastoma cell line
HepG2, known to express high levels of TfR2 mRNA-alfa, were
exposed to iron salts and iron deprivation and quantitatively
analyzed for TfR2 at mRNA and protein levels with FACS analysis and immunoblot. Treatment of cells with diferric ammonium
citrate and deferoxamine induced the expected effects on TfR1
expression without any modification of TfR2 at 24 and 48 hours
of treatment. Hepcidin mRNA expression in these conditions is
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under evaluation. Immunoblot and flow cytometry analysis in
cell lines not producing TfR2-alfa mRNA confirmed absence of
cross-reactivity of MoAbs directed towards TfR2 with TfR1. In
particular, TfR2 protein could not be detected in untreated and
in iron-depleted or loaded HL60 cells with all TfR2 MoAbs clones.
Endocytosis of TfR1 following exposure of K562 and HepG2 cells
to olo-transferrin induced surface TfR2 up-regulation, starting
after 60’-90’ of incubation and peaking approximately 4 hours
later. Surface expression of the two transferrin receptors
remained unmodified when cells were exposed to apo-transferrin, which cannot bind TfR1. These results suggest the presence
of some link between TfR2 and TfR1 endocytosis and recycling
pathways.

C014
CHEMOKINE RECEPTOR ANTAGONIST AS CARRIER FOR IDIOTYPIC
VACCINATION: BINDING TO RECEPTOR, BUT NOT CHEMOTAXIS,
IS REQUIRED FOR ANTITUMOR IMMUNITY
Ruffini PA,*° Biragyn A,* Kwak LW*
*Experimental Transplantation and Immunology Branch, Center
for Cancer Research, National Cancer Institute, Frederick, MD,
USA; °The Falck Division of Medical Oncology, Niguarda Ca'
Granda Hospital, Milan, Italy
We have explored a novel strategy for induction of antitumor
immunity in which antigen-presenting cells (APC) are specifically
targeted in vivo by a fusion protein consisting of chemokine and
tumor antigen. Most APC express chemokine receptors, which
are internalized after binding with ligand(s). Previously, we
reported that fusion with chemokines converted model nonimmunogenic lymphoma-derived idiotype (Id) into an effective
vaccine resulting in protective and therapeutic antitumor immunity against two syngeneic murine B-cell lymphomas (Biragyn
A et al. Nat Biotechnol 17:253-8; J Immunol 167:6644-53). The
vaccine required functional activity of the chemokine moiety
and physical linkage with the antigen. Herein, we wanted to
investigate whether chemotaxis is required for generation of
antitumor immunity. For this purpose, we utilized two viral
chemokines binding to the same receptor expressed on APC
either inducing chemotaxis (agonist) or not (antagonist). Murine
B-cell lymphoma-derived single chain (scFv, Id antigen) was
fused with viral chemokines. Control constructs contained scFv
fused with mutated chemokines which had lost the ability to
bind to the receptor. Both agonist and antagonist chemokinescFv fusion proteins retained their functional properties. Furthermore, chemokine fusions, but not the mutated controls,
delivered in vitro scFv to mouse dendritic cells for processing
and stimulation of Id-specific T-cells. Moreover, both agonist
and antagonist viral chemokine-scFv fusions induced comparable levels of humoral responses and protection from a lethal
syngeneic lymphoma challenge. Therefore, our data suggest that
chemotaxis is not required for the generation of antitumor
immunity; rather, it is necessary to target antigen to APC via
chemokine receptors.
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THE TRUNCATED ERYTHROPOIETIN RECEPTOR: A NEW STRATEGY
FOR POSITIVE SELECTION OF GENETICALLY MODIFIED HEMATOPOIETIC
STEM CELLS IN VIVO
Grande A, Urbinati F, Lotti F,* Montanari M, Ferrari G,*
Mavilio F
Dipartimento di Scienze Biomediche, Università di Modena
e Reggio Emilia, Modena;
* TIGET, Istituto Scientifico H. San Raffaele, Milan
Transplantation of autologous, genetically modified
hematopoietic stem cells (HSC) is a potential therapy for a large
variety of blood genetic disorders such as β-thalassemia, sickle
cell anemia, chronic granulomatous disease and congenital
immune deficiencies. Administration of large numbers of cells
and radio- and/or chemo-therapeutic conditioning protocols are
fundamental prerequisites to obtain a successful engraftment.
Unfortunately, morbidity and mortality risks associated with this
type of procedure render ethically questionable its application
for the cure of non life-threatening disorders. A number of
potential alternatives, such as viral transduction with modified
growth factor receptors, are currently under investigation aimed
at positively selecting virally transduced HSCs in vivo. In this
regard, the deletion of the carboxy-terminal portion of murine
EpoR was reported to enhance sensitivity for the ligand and proliferative response. In fact transgenic mice carrying this truncated receptor (tEpoR) exhibit an increase in multipotent clonogenic progenitors upon administration of exogenous Epo and
competitive repopulation experiments demonstrated that stem
cells expressing transgenic tEpoR have a selective growth advantage. Interestingly naturally occurring EpoR deletions that cause
benign erythrocytosis without malignant transformation have
been reported in humans. In other terms these truncated forms
of EpoR appear to be non immunogenic, non toxic, and non
tumorigenic in both mice and men. To assess whether tEpoR is
also able to confer a selective advantage to virally transduced
hematopoietic cells, we developed retro- and lenti-viral vectors
carrying a PCR amplified murine tEpoR. The first vector, named
LtESDN, expresses tEpoR under the control of a retroviral LTR,
and a truncated form of the low-affinity nerve growth factor
receptor (DNGFR), used as marker gene, under the control of an
internal SV40 promoter. In a second vector design (MFGtEpoR),
both the DNGFR and the tEpoR genes are expressed under the
control of the retroviral LTR in a single, bicistronic transcript
through the use of an internal ribosomal entry site (IRES). Finally, a lentiviral vector was made by cloning the tEpoR cDNA under
the control of an internal PGK promoter in the RRL.sin18.GATA.GFP vector, in which the EGFP gene is expressed under
the controlled of a transcriptionally-targeted HIV LTR, obtained
by replacing the U3 enhancer with the erythroid-specific GATA1 HS2 enhancer. As preliminary assessment of the functional
activity of the tEpoR transgene, we transduced the interleukin3 (IL-3) dependent murine 32D myeloid cell line. Infection by
viral supernatants allowed us to produce 32D cultures that
acquired the capacity to grow indefinitely in an Epo-dependent
fashion. To estimate the relative sensitivity to Epo stimulation in
32D cells transduced with the analyzed vectors (32D LtESDN,
32D MFGtEpoR and 32D E6tEpoR) we performed a doseresponse experiment obtained by treating cultures with physiological (1-10 mU/mL) to pharmacological (100-1000 mU/mL)
concentrations of Epo. The data obtained indicate that only the
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LtESDN vector is able to support a Epo-dependent cell growth
at low Epo concentrations whereas higher levels of this ligand
promote a comparable proliferative response regardless of the
used vector. To determine whether expression of the tEpoR
transgene is able to confer a ligand-dependent selective advantage in vitro, we carried out a competitive growth assay in which
a cell population containing transduced (32D LtESDN, 32D
MFGtEpoR or 32D E6tEpoR) and wild-type 32D cells in a 1:20
ratio was cultured in the presence of optimal concentrations of
IL-3 and Epo. The percentage of DNGFR+ cells in the 32D LtESDN culture progressively increased from 5% up to virtually
100%, over 30 days of culture, whereas 32D MFGtEpoR and
E6tEpoR cells underwent a moderate increase of DNGFR positivity (25-30%). G-CSF-induced differentiation into mature
granulocytes was not impaired by the expression of the transgene in all the analyzed 32D transduced cells. These data show
that expression of tEpoR in the framework of a retro- or a lentiviral vector is able to provide a ligand-dependent growth advantage to 32D murine myeloid cells in culture without interfering
with normal differentiation of these cells. The extent of the proliferative response apparently depends on the amount of tEpoR
expression, which is expected to be higher when the gene is
controlled by the MoMLV LTR, and much lower when the gene
is placed downstream of an IRES or expressed by an internal
promoter. Experiments performed by assaying the MFGtERpoR
retroviral vector in a murine bone marrow transplantation model clearly demonstrate that tEpoR also provides a growth advantage to repopulating hematopoietic stem cells in vivo.

C016
SOLUBLE HLA CLASS I INDUCES NATURAL KILLER CELL APOPTOSIS UPON
ENGAGEMENT OF KILLER-ACTIVATING HLA CLASS I RECEPTORS THROUGH
FASL/FAS INTERACTION
Spaggiari GM,° Contini P,* Dondero A,° Carosio R,°§ Puppo F,*
Indiveri F,* Zocchi MR,§ Poggi A°
°Laboratory of Immunology, National Institute for Cancer
Research (IST), Genoa;* DIMI, University of Genoa, Italy;
§Laboratory of Tumor Immunology, Istituto Scientifico
San Raffaele
We have previously demonstrated that the ligation of CD8
with soluble (s)HLA-I at the NK cell surface induces NK cell programmed cell death (PCD) which is down-regulated by members
of the inhibitory receptor superfamily (IRS) represented by either
C-lectin type inhibitory receptor (CLIR) (CD94/NKG2) or killer
Ig-like receptor (KIR) (Blood, March 2002; 99:1706-14). Herein,
we provide evidences that the engagement of the activating isoforms (AR) of CLIR or KIR (p50.1 or p50.2 or p50.3) by specific
sHLA-I alleles induced PCD of human NK cells. Indeed, NK cell
PCD elicited by either putative HLA-E (sHLA-I non-A-B-C-G) or
sHLA-I Cw4 or Cw3 from untransfected or Cw4 or Cw3 alleles
transfected HLA-A-,B-,C-,G-, E+ 721.221 lymphoblastoid cell
line respectively, was blocked by covering the corresponding AR
with either anti-CLIR or anti-KIR specific mAbs. After sHLA-I/AR
interaction, NK cells produced and released FasL which in turn
led to NK cell apoptosis by interacting with Fas at the NK cell
surface. Blocking anti-Fas mAb, as well as anti-FasL mAb, inhibited sHLA-I-mediated apoptosis in AR+ NK cell clones. Importantly, the AR-mediated apoptosis was inhibited by NK cell treatment with cyclosporin A (CsA) while this drug had no effect on
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AR-mediated activation of cytolysis. On the other hand, concanamycin A (CMA), an inhibitor of vacuolar type H+-ATPase of
granules, inhibited AR-induced NK cell cytolysis. This indicates
that AR-mediated apoptosis and cytolysis can use different
intracellular pathways. These findings suggest that leukemic
cells bearing appropriate HLA-I alleles can induce autologous NK
cell PCD by interacting with AR. This is supported by preliminary
results indicating that immortalized lymphoblastoid cell lines
transfected with the corresponding HLA-I allele can induce NK
cell apoptosis upon interaction with specific AR on NK cells.
Indeed, target-induced NK cell PCD was blocked by the NK cell
treatment with pharmacological concentrations of CsA without
affecting NK cell mediated cytolytic activity.

C017
HOXA HOMEOGENE CLUSTER INTERRUPTION AND DYSREGULATION OF
HOXA9 IN THE BLAST CRISIS OF PHILADELPHIA CHROMOSOME-POSITIVE
CHRONIC MYELOID LEUKEMIA
Sinigaglia B, Giacobbi F, Zucchini P, Maffei R, Marasca R,
Torelli G, Temperani P
Department of Oncology and Hematology, University of
Modena and Reggio Emilia, Modena, Italy
Blast crisis is the primary cause of death in CML patients and
it represents the conversion of CML into an acute leukemia likepicture. Chronic myeloid leukemia is genetically characterized by
the presence of the reciprocal translocation t(9;22)(q34;q11),
resulting in a BCR/ABL fusion gene on the derivative chromosome 22 called the Philadelphia (Ph) chromosome. The BCR/ABL
fusion oncogene is strongly implicated in the chronic phase,
whereas the molecular changes underlying blast crisis are largely unknown. Additional and non-random genetic changes are
demonstrable in 60-80% of the cases in blast crisis, with the
most common chromosomal abnormalities being +8, +Ph, i(17q),
+19, -Y, +21, +17, and monosomy 7. Moreover, several balanced
translocations such as t(15;17)(q21;22) and (8;21)(q22;q22),
usually observed in de novo AML, have been detected in the blast
crisis. It has been suggested that associated molecular changes
in these translocations play a direct role in the development of
blast crisis. The t(7;11)(p15;p15) is one of the clonal aberrations
implicated in the progression to blast crisis. As a result of the
translocation, the C terminus of the HOXA9, a class I homeobox
gene, is fused in-frame to nucleoporin NUP98. HOX homeogenes
encode a set of master transcription factors that function during development to control pattern formation, differentiation
and proliferation. Their common feature lies in the presence of
a highly conserved 180 bp homeobox sequence that encodes a
DNA binding homeodomain. The HOXA cluster has been reported to be important in the orderly progression of normal events
in hematopoietic differentiation and otherwise deregulated
expression of HOXA9 paralogous has been reported in compromised myeloid differentiation. Loss of differentiation characterizes the blast crisis in CML and thus the NUP98/HOXA9 protein
may contribute to blastic trasformation by blocking the normal
pathway of myeloid differentiation. We describe the interruption
of the HOXA homeogene cluster in a blast crisis of Ph+ CML with
a translocation t(7;14)(p15;q32). Fluorescence in situ hybridization performed using a YAC contig spanning between D7S529
and D7S516 markers for chromosome 7, and D14S1061 and
D14S250 for chromosome 14 showed the rearrangement of YAC
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922F10 locus of HOXA9 and the break point on chromosome 14
telomeric to PAC 998D28, which is 337 bp upstream of the
IGHA1 transmembrane and 5471 bp downstream of the most
proximal D gene (D7-27). On the basis of these data this
t(7;14)(p15.1-15.2;14q32.3) translocation has a number of
potential effects on the HOXA cluster. As a first hypothesis, the
translocation separating HOXA10, A11 and A13 from the
remainder of the cluster, which includes a retinoic acid response
element (RARE) located 5 kb from the 3' end of HOXA1, renders
them retinoic acid-insensitive. Myeloid differentiation is clearly regulated by retinoic acid, mediated through the retinoic acid
receptor α (RARα). Moreover the t(15;17) translocation of acute
promyelocytic leukemia specifically targets this gene. As second
hypothesis, the t(7;14) may produce a fusion protein which may
directly mediate leukemogenesis. To detect HOXA9 transcript, we
chose a 5'-RACE strategy (rapid amplification of cDNA ends)
which permits amplifications of unknown 5' end mRNA. In short,
first strand cDNA was synthesized from DNA-free total RNA
using a specific primer for the HOXA9 homeodomain (3'exon).
The specificity of the selected primer was evaluated on a 5'RACE control cDNA by hot-start PCR performed with the 5' exon
(AB) primers and the product was sequence confirmed. In order
to amplify the blast crisis t(7;14) HOXA9 5'-RACE cDNA, a
homopolymeric A-tail was added to the 3'end of the cDNA and
then the latter was amplified by nested PCR with two oligomers
specific for the conserved region of HOXA9, designed on Genbank accession number U41813. Preliminary data obtained from
the sequence analysis of the 5'-RACE products are consistent
with the hypothesis of dysregulation of the HOXA9 gene paralogous by the breaking of the HOXA gene cluster.

C018
IMMUNE RESPONSE TO APOPTOTIC PLATELET ANTIGENS IN IDIOPATHIC
THROMBOCYTOPENIC PURPURA
Fagioli ME, Catani L, Vianelli N, Tazzari PL,* Ricci F,*
Poli M, Arpinati M, Rondelli D, Lemoli RM,* Conte R,
Baccarani M
Institute of Hematology and Medical Oncology, L. e A.
Seragnoli, University of Bologna; *Blood Transfusion Centre,
Azienda Ospedaliera di Bologna, Bologna
Chronic immune thrombocytopenic purpura (ITP) is an autoimmune disorder characterized by autoantibody-induced platelet
destruction. Clinical data suggest the existence of different
pathogenetic mechanisms at the basis of disease. However, so far
the pathogenesis of chronic ITP has not been elucidated, and
means of management of the disorder have not reached consensus. Recent data suggest that, in particular circumstances,
cells dying by apoptosis may trigger a specific immune response.
Evidence is accumulating that modifications of autoantigens during apoptosis lead to the development of autoantibodies by
bypassing the normal mechanisms of tolerance. Phosphatidylserine is exposed on apoptotic cells as early sign of programmed cell death and serves as a phagocyte recognition molecule for apoptotic cells. Platelets may undergo an apoptotic program because it has recently been described that they express
several members of the caspase family, including caspase 1, 2, 3,
4, 6, 8, and 9, at the mRNA level and some at the protein level.
They also express mRNA for death receptors, including DR3, DR5,
DR4, as well as for the Bcl-2 family, including Bcl-x, Bad, Bak,
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Bax, and Mcl1. Therefore platelets do have a mechanism for
apoptosis. In this study, we investigated, for the first time, the
apoptotic platelet program and the immune response to apoptotic platelets in patients with active ITP (5 cases). Patients, 2
males and 3 females, were at diagnosis (2 cases) or at least 3
months from therapy (3 cases). After isolation, platelets were
incubated in a serum-free buffer for 6 days at 37°C. The phosphatidylserine assay (annexin V assay) of platelets was performed
on days 0, 3 and 6. The assay was negative on day 0. Phosphatidylserine was more expressed in ITP patients than in normal subjects (2.6-fold) on day +3. Platelets, either from ITP
patients or from normal subjects, showed a great expression of
phosphatidylserine on day +6. A flow-cytometric analysis for
platelet membrane integrity of fresh (day 0) and aged (days +3
and +6) platelets was performed using actin-binding phalloidinFITC as a vital dye. Even though a progressive increase of fluorescence was detected after 3 and 6 days of incubation either in
normal or ITP platelets, fresh and aged platelets were always
labelled less than the permeabilized platelets used as a positive
control. CD14+ monocytes were selected by high-gradient magnetic separation and differentiated to immature dendritic cells
with granulocyte-macrophage colony-stimulating factor and
interleukin-4 for 6-7 days and then induced to terminal maturation by the addition of tumor necrosis factor-α. Dendritic cells
were characterized by immunophenotyping and ability of presenting apoptotic platelets to autologous and allogeneic T lymphocytes. After 8 days, the culture contained adherent large cell
clusters with the typical morphology of dendritic cells. Flow cytometric analysis indicated that the gated cells expressed all surface markers of mature dendritic cells (CD83+, CD40+, CD86+,
CD80+, HLA-Dr+, CD14b). CD14-derived dendritic cells of ITP
patients or normal subjects, pulsed with apoptotic platelets
before the addition of maturation stimulus, stimulated autologous and allogeneic T-cell proliferation. By contrast, platelets
alone were not able to stimulate T-lymphocyte proliferation.
These preliminary data suggest that ITP platelets could be more
susceptible to the apoptotic cell program than normal counterpart and that platelet apoptosis may stimulate T-cell response.
Further experiments are needed to confirm these studies.

C019
MYH9-RELATED DISORDERS: A NEW NOSOGRAPHIC ENTITY
Balduini CL,* Seri M,° Gresele P, Noris P,* Pecci A,*
Mazzarino I,§ Ghiggeri G,°° Benazzo M,** Manfrin M,**
Di Pumpo M,* Ceresa I,* Savoia A^
*Depts. of Internal Medicine and **Otorhinolaryngology, IRCCS
Policlinico San Matteo and University of Pavia; ^Telethon Institute of Genetics and Medicine (TIGEM), Napoli; °Laboratory of
Molecular Genetics, °° Laboratory of Nephrology, IRCCS Giannina Gaslini, Genova; Dept. of Internal Medicine, University of
Perugia and §Pediatric Unit, Silvestrini Hosp, Perugia
May-Hegglin anomaly (MHA) is an autosomal dominant illness characterized by thrombocytopenia, giant platelets and
Dohle-like inclusions in leukocytes. Macrothrombocytopenia is
present also in two Alport-like disorders: Fechtner syndrome
(FTNS) and Epstein syndrome (EPS). They present the additional
findings of nephritis, sensorineural hearing loss and cataracts,
and can be distinguished by the presence (FTNS) or absence (EPS)
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of leukocyte inclusions. Although MHA, FTNS, and EPS have been
considered as different entities, it has been recently shown that
all of them derive from heterozygous mutations in MYH9, the
gene coding for the heavy chain of non-muscle myosin IIA
(NMMHC-IIA). Since the cloning of the gene, 20 different MYH9
mutations have been observed in 65 unrelated families, but no
genotype/phenotype correlation has been identified yet. To better define these disorders, we re-examined carefully 10 patients
from 7 families with MHA, 5 patients from 3 families with FTNS,
and two unrelated subjects with EPS. Six MYH9 mutations have
been identified in MHA families (N93K, R702C, R1165C, E1841K,
R1933X, E1945X) and 4 in FTNS/EPS (R702C, R702H, K910Q,
D1424H). All patients were thrombocytopenic (26-129 × 109
platelets/L) and had giant platelets in peripheral blood (platelets
larger than 4µ: 32-80%; larger than 8u 4-44%). Careful examination of May-Grünwald-Giemsa (MGG) blood films identified
Dohle-like inclusions in all patients, with the exception of one
subject with MHA and two with EPS. In MHA, audiometry and
auditory brainstem evoked responses identified sensorineural
hearing loss in all adults and in one of two pediatric patients,
while ophthalmoscopy identified cataracts in one child and one
adult. Six of 7 FTNS/EPS subjects had hearing loss and/or
cataracts. Urinalysis revealed proteinuria and/or microhaematuria in 6 MHA subjects and 4 FTNS/EPS patients. Chronic renal
failure was observed in two FTNS cases. Some affected relatives
of typical FTNS patients had no kidney, viewing or hearing abnormalities. Therefore, also in our case-series a genotype/clinical
phenotype correlation was not identified. In all patients and
independently from the diagnosis of MHA, FTNS or EPTS,
immunocytochemical studies with a mAb against NMMHC-IIA
showed that myosin of neutrophils was clustered in a finite number of cytoplasmic spots instead of being uniformly distributed.
Comparison of size and location of these spots with those of
leukocyte inclusions observed in MGG-stained films, suggested
that Döhle-bodies are due to clustering of myosin. In most
patients these myosin spots were large and easily recognizable
by both immunocytochemistry and MGG staining, while in few
subjects they were very small, and immunocytochemistry only
was able to identify them. Interestingly, microaggregates were
a distinguishing feature of patients with a mutation at codon
702. In conclusion, our observation suggest that a correlation
between genotype and clinical phenotype was not identified
because MHA, FTNS and EPS do not represent distinct entities
but rather a single disease with a continuous clinical spectrum
varying from a mild form with macrothrombocytopenia and
leukocyte inclusions only to a severe form complicated by hearing loss, cataracts and/or microscopic hematuria, which can
develop into severe renal failure. The variable expression in the
spectrum of clinical symptoms could be explained by the joint
effect of specific mutations, environmental factors as well as
multiple gene products, such as polymorphic variants of proteins interacting with MYH9. We propose the term of MHY9related disorders for this new nosological entity, which better
interprets the recent knowledge in this field and identifies all
patients at risk of developing renal, hearing or visual defects.
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CHIMERISM IN ALLOGENEIC BONE MARROW TRANSPLANTATION
FOLLOWING CONVENTIONAL VS LOW INTENSITY CONDITIONING REGIMEN
Ruscio C, Tassone C, Anghel G, Riccardi M, Angelitti MR,
Miraglia D, Amodeo R, Blandino F, Locasciulli A, Majolino I
U.O. Ematologia dell'Azienda Ospedaliera San Camillo-Forlanini,
Roma
The study of chimerism after allogeneic transplantation is
used to ascertain the engraftment rate of donor cells. Chimerism
can be related to type of conditioning (conventional [CD] vs lowintensity [LI]) and with the number of cells infused. In our study
we analyzed 13 patients who underwent allogeneic transplantation from HLA-identical sibling donors. Eight patients received
LI conditioning (group A, pts 1-8) while the remaining 5 received
CD conditioning (group B, pts 9-13). The study of chimerism was
conducted by locus-specific PCR-amplification of minisatellite
sequences or VNTR (Apo-B, D1S80, D4S95, D17S30). The analysis was performed either on the mononuclear and the CD5+ cell
subset, as selected by FACS/SORTER. Minimal residual disease
was investigated by genetic or clonality markers as well as cytogenetic methods. Hematological recovery (PMN > 0.5x109/L,
Plts > 20x109/L) was attained after a median of 15.5 days (range
10-25) for polimorphonuclear cells and 16.5 (range 9-28) days
for platelets. No significant differences between the two groups
was observed. Seven out of the 8 patients belonging to group A
and all patients from group B had complete chimerism (CC) at
day +30 with no significant difference between the two cell
populations (MNC and CD5+). In group A, the chimerism
remained complete during follow-up in 5/8 cases, while in 2/8
a conversion of the CC into mixed chimerism (MC) was found
shortly before relapse. MC was found in a patient (#4) on day
+30, that converted to CC on day +270. Chimerism remained
complete in all but one patient (#10) belonging to group B who
occasionally showed a MC linked to the temporarily reappearance of the Ph chromosome.
Our data show that: a) Early engraftment of donor stem cells
seem not to be related to conditioning type. b) Day +30 CC is
present in all patients but one (#4), with MC possibly related to
the low number of CD34+ infused. c) The observed correlation
between MC and disease recurrence might be used as an early
sign of relapse.

Myeloid Leukemias I
CO21
FUNCTIONAL ROLE OF THE INTERACTION BETWEEN TRANSCRIPTIONAL
REGULATORS, NUCLEAR RECEPTORS AND LEUKEMIA-ASSOCIATED FUSION
PROTEINS
Bianchini A,* Liberatore C,# Cotè S,§ Maccherani C,#
Miller W Jr,§ Grignani F,# Nervi C*
*Dipartimento di Istologia ed Embriologia Medica, Università
“La Sapienza” Roma; #Istituto di Medicina Interna e Scienze
Oncologiche, Università di Perugia, Perugia; §Lady Davis Institute for Medical Research, Montreal, Canada
The nuclear receptor for retinoic acid (RA) RARα is a ligandinducible transcription factor that regulates cell differentiation,
proliferation and apoptosis. In the absence of ligand, RARα interacts with the NCoR/SMRT-histone deacetylase transcriptional
repressor complex that inhibits the transcription of RA-target
genes through the deacetylation of histones on RA-target promoters. The RA-binding induces conformational changes in the
receptor that determine the dissociation of this complex from
RARα and the recruitment of transcriptional activation complexes containing histone acetyltransferase activities to RA-target promoters that become accessible for transcriptional machinery. Aberrant interaction with the transcriptional co-repressors
is the genetic event that underline the oncogenic potential of the
acute myeloid leukemia fusion proteins PML/RAR αand
AML1/ETO. We have investigated the functional role of the interaction of transcriptional regulators to the binding of ligand to
nuclear receptors by co-expressing RARα and PML/RARα with
the transcriptional co-repressor NCoR, and its interaction
domains, into COS-1 cells. The results obtained suggest that: 1)
the over-expression of NCoR or of its domain that interacts with
the nuclear receptors IDC, increases the number of RA-binding
sites of RAR α and PML/RARα, without modification of their
affinity for the ligand; 2) the over-expression of IDN (another
NCoR domain that interacts with nuclear receptors) and of transcriptional co-activators TIF2 and NSD1 does not modify the
capacity of RARα and PML/RARα to bind RA; 3) NCoR and IDC,
but not IDN, modified the conformation of the receptors, as
shown by tryptic digestion patterns of RARα and PML/RARα; 4)
the IDC, but not NCoR, transiently transfected into the NB4 cell
line, increases the transcriptional rate of a Luc-reporter gene
controlled by β-RARE, suggesting that this peptide is also able
to potentiate the transcriptional activity of RA. Together, these
results suggest that binding of transcriptional co-repressors to
nuclear receptors modulate their ability to bind the ligand and
might provide a rationale for developing novel therapeutic strategies for the treatment of tumors that express abnormal nuclear
receptors.
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C022
ACETYLATION INDUCED BY BUTYRATES IN PATIENTS WITH ACUTE MYELOID
LEUKEMIA CAN LEAD TO DIFFENTIATION
Gozzini A, Rovida E,* Pratesi A,* Dello Sbarba P,*
Rossi Ferrini P, Santini V
Divisione di Ematologia, Dipartimento Di Patologia Generale
e Oncologia*, Università degli Studi di Firenze
In several hematologic neoplasias deregulation of histone
acetylation has been linked to cancer. Myeloid differentiation is
directed by a complex transcriptional program. In t(8;21) AML, a
stable association of AML1/ETO fusion protein with the nuclear
histone deacetylase complex (HDAC) is crucial for its ability to
repress transcription of AML1 target genes and to block differentiation of hematopoietic precursors. We investigated whether
butyrate-stable monosaccharide derivatives could reverse HDACmediated repression and induce myeloid differentiation. These
compounds are known to be specific and potent inhibitors of
HDACs. We wanted to analyze whether butyrate-stable monosaccharide derivative (D1) induces differentiation and/or apoptosis in AML cells. We evaluated the biological response to butyrates
of the Kasumi-1 cell line, derived from an AML-M2 patient with
the t(8;21) translocation and expressing the AML/ETO fusion protein and of primary cultures of blasts from 19 AML cells (non
M3).To investigate whether the effect of butyrates correlated with
modifications of histone acetylation in AML Kasumi cells, we evaluated the status of acetylation of histone H4 by Western blotting
analysis using specific antibodies. In untreated Kasumi cells acetylated forms of histone H4 were undetectable, whereas treatment
with butyrates induced H4 acetylation after 24 h. Butyrate treatment caused inhibition of proliferation, accumulation of cells in
the G1 phase of the cell cycle, and increased expression of the
granulocytic differentiation markers CD15, CD11b paralled by a
decrease in CD34 expression. Flowcytometric analysis of annexin-V positive cells showed a robust increase of programmed cell
death with a peak after 24 h treatment with butyrates. MAPK
involvment in Kasumi differentiation was also investigated. AML
blasts showed different amounts of constitutive H4 acetylation.
Treatment of AML blasts with butyrates always determined an
increase in H4 acetylation. In contrast, granulocytic differentiation, as revealed by morphologic changes and immunophenotype
was shown only in 13/20 case. Our results strongly suggest that
HDAC inhibitor treatment alone can restore acetylation but
another event may be necessary to elicit differentiation. Kasumi
cells show a marked amount of G-CSFR expression, thus suggesting that the study of the combination of butyrates and G-CSF
in Kasumi cells as well as in AML blasts with a high expression of
G-CSFR may be interesting.

C023
WILMS'TUMOR GENE (WT1) EXPRESSION IS MODULATED
BY NF-κB TRANSCRIPTIONAL FACTOR
Messa F, Cilloni D, Fava M, Morotti A, Messa E,
Gottardi E, Saglio G
Department of Clinical and Biological Sciences,
University of Turin, Italy
The Wilms’ tumor gene (WT1) is a marker of leukemic
hematopoiesis. Although at present the significance of WT1
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overexpression in hematologic malignancies is still unknown, its
activation probably represents an important event in the
leukemic process. Recently a conserved NF-κB site has been
identified in the WT1 promoter, suggesting a possible role of
NF-κB in WT1 regulation. NF-κB is a dimeric transcriptional factor which plays a key regulatory role in the expression of a variety of gene involved in several biological processes such as cellular growth, differentiation and apoptosis. The aim of the study
was to clarify the role of NF-κB in the activation of WT1 transcription. For this purpose we tested the effect on WT1 expression of an irreversible inhibitor of IκB phosphorylation named
Bay 11-7082 (Alexis Biochemicals) which completely and specifically abrogates the NF-κB translocation to the nucleus and the
effect of a proteasome inhibitor named MG-132 (Sigma Aldrich)
which blocks NF-κB activity. We incubated several cell lines
including K562 and HL-60 and BM and PB samples from acute
and chronic leukemia patients with Bay 11-7082 at concentrations of 2,5 and 5 µM for 18 hours at 37°C and 5% CO2. WT1
transcript levels analyzed by the quantitative real time PCR (Taqman) assay, were expressed as WT1 copy number every 10.000
ABL copies. Real Time PCR revelled a marked down-regulation
of WT1 expression in K562 and HL-60 treated with inhibitor versus untreated cells. We noted a decrease of 5 and 4 fold of WT1
copy number in K562 and HL-60 respectively. We noted a
marked inhibition of WT1 copy number also in PB and BM samples from leukemia patients. We found 7 and 10 fold reduction
of WT1 expression in PB and BM samples from AML patients and
12 and 14 fold reduction in PB and BM of CML patients. Similar data were obtained whether in K562 and HL-60 or in PB and
BM from AML and CML patients using proteasome inhibitors
MG-132 at concentration 1 µM for 18 hours at 37°C and 5%
CO2. To confirm these data we co-transfected K562 cell line
with SR-IkB2A and neomicine resistance gene to obtain a cell
line in which NF-κB results constitutively inhibited. WT1 expression was tested in both parental and transfected cell lines. In
agreement with the data above, in SR-IκB2A transfected cells
we detected a significant inhibition of WT1 expression respect
to the parental cell line (671 copies in transfected cells versus
6476 copies in parental cell line). Taken together, these results
suggest that NF-κB transcriptional factor is implicated in the
modulation of WT1 gene expression in leukemic hematopoiesis,
further supporting the role of NF-κB inhibitors as agents for
molecularly-targeted therapy.

C024
GENE EXPRESSION PROFILE OF VITAMIN D3 TREATED HL60 CELLS SHOWS
A PHENOTYPIC BUT NOT A COMPLETE FUNCTIONAL CONVERSION TO
MONOCYTES
Tenedini E, Bergamaschi A, Manfredini R, Siena M,
Ferrari S, Tagliafico E
Dipartimento di Scienze Biomediche, Università di Modena
e Reggio Emilia
Pharmacological agents, such as all trans-retinoic acid (ATRA),
and Vit. D3 (VD), are able to activate, in vitro and in vivo, a differentiation program and to induce a phenotypic conversion of
M2 and M3 blast cells to a more advanced stage of maturation.1,2
We studied the changes occurring in the gene expression profile during the differentiation of HL60 cells treated with VD using
the Affymetrix GeneChip technology.3 Out of 12,600 genes pre-
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sent in the human genome U95A (HGU95A) GeneChip array,
5115 (40.5%) are expressed in proliferating HL60 cells and 4825
(38.3%) in VD-treated cells (Figure 1). This figure also shows
that about 90% of the genes are expressed in both cellular contexts and among them, about 30% are modulated. In order to
improve the understanding of the biological meaning of microarray data, we enriched the list of gene names and the descriptions
of the HGU95A data set using a controlled vocabulary of biological annotations provided by the Gene Ontology (GO) consortium.4

The GO project includes three extensive ontologies describing
molecular function, biological process and cellular component
that can be used to describe gene products in any organism. By
means of bioinformatic tools developed in our laboratory we
were able to assign ontology annotations to 8191 genes (near
70% of the total probe set), with 6580 genes having at least one
annotation for each of the three main ontology terms. Next,
meaningful biological categories were selected from the ontology hierarchy and annotated genes were clustered accordingly.
Tables 1 and 2 summarize the changes in the number of genes
belonging to the different molecular function and biological
process categories. These data clearly suggest that the cell activity in VD treated cells is oriented toward exteriorization, transport, protein secretion and defense. A confirmation comes when
we consider genes involved in biological processes. In fact, genes
related to response to external stimuli, transport, cell motility,
cell communication, signal transduction and apoptosis have an
increased expression. On the contrary, the expression of genes
involved in cellular metabolism is drastically decreased as well
as that of genes involved in cell cycle. Furthermore, the molecular phenotype of VD treated HL60 cells has been compared to
that of peripheral blood monocytes. Our results indicate that VD
treated HL60 cells express genes associated with the mechanisms of natural immunity with the important exception concerning class II MHC genes that are not expressed in these cells,
whereas they are clearly expressed in mature peripheral monocytes. To obtain further evidence about the ability of VD to interfere with class II MHC gene expression or the expression of other genes of the defense/immunity category, we have compared
the gene expression profile of CD14+ monocytes activated by
serum in the presence or absence of VD. Our results showed that
VD inhibits the increased expression of class II MHC genes due
to serum stimulation without significantly affecting the expression of other defense/immunity genes including class I MHC or
immunoglobulin receptors genes. These data suggest that when
VD is physiologically involved in monocytic commitment of

myeloid progenitors, the genetic program does not include the
expression of class II MHC molecules leading to a functional
phenotype different from that of CD14+ monocytes. Our results
are quite in keeping with that of several authors5,6 who observed
a strong inhibitory effect of VD on DR class II MHC antigen
expression in cells exhibiting high phagocytic activity.
Table 1.

Function

ALL

P

NC

I

D

calcium binding
cell adhesion molecule
cell cycle regulator
cell surface antigen
chaperone
defense/immunity protein
DNA binding
enzyme activator
enzyme inhibitor
enzyme
ligand binding or carrier
ligand
nucleic acid binding
protein kinase
protein phosphatase
receptor
RNA binding
signal transducer
structural protein
transcription factor
transporter

173
239
153
124
123
287
480
38
176
2214
780
103
123
337
113
166
335
39
93
844
201
7141

47
48
78
24
70
71
261
16
55
1015
328
14
79
139
53
15
238
12
23
342
37
2965

29
28
47
14
45
47
185
6
35
691
227
2
62
98
31
5
195
9
20
241
23
2040

12*
12
12
9
4
17*
13
2
10
103
49*
7
4
11
13
8*
1
1
0
41
7
336

4
7
10
2
20*
5
50*
3
6
165
27
3
14
16
7
0
41*
1
1
33
2
417

* Significantly different with respect to the overall frequency of increased and decreased genes ( test
χ2 p<0.01).
Table 2.

Function

ALL

P

NC

I

D

apoptosis
cell communication
cell cycle
cell growth and maintenance
cell motility
cell organization and biogenesis
death
developmental processes
metabolism
response to external stimulus
signal transduction
stress response
transport

236
497
393
430
112
371
23
365
2650
464
1260
14
429
7244

115
104
246
203
32
182
4
96
1318
159
427
6
134
3026

69
63
179
146
20
127
1
67
963
90
264
3
88
2080

22*
18
9
22
7
8
2
13
107
38*
78*
1
21*
346

12
12
51*
22
2
29
2
15
197
21
35
1
13
412

* Significantly different with respect to the overall frequency of increased and decreased genes
(test χ2 p<0.01).
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C025
C-MET EXPRESSION IN BONE MARROW AND PERIPHERAL BLOOD BLASTS
OF ACUTE MYELOID LEUKEMIA PATIENTS
Fiumara P, Di Raimondo F, Santonocito AM, Amato G,
Palumbo G, Consoli U, Giustolisi R
Dipartimento di Scienze Biomediche, Sezione di Ematologia,
Università di Catania
Hepatocyte growth factor (HGF) is a liver regeneration-inducing factor produced by a variety of mesenchymal cells, including bone marrow stromal cells. HGF has mitogenic and motogenic effects on many different epithelial and endothelial cells.
It has been shown that HGF synergizes with interleukin-3 (IL-3)
and granulocyte-macrophage colony-stimulating factor (GMCSF) in stimulating the proliferation and promoting survival of
normal and leukemic hematopoietic progenitors. In addition,
significant amounts of HGF have been detected in peripheral
blood and bone marrow plasma of leukemic patients and its level has prognostic value. The HGF receptor (c-MET) has been studied so far by Western Blot and it was found to be overexpressed
in lymphoma and leukemic cells and to play a role not only in
stimulating the proliferation of blast cells but also in increasing
their migration. In this perspective, we analyzed by flow both
peripheral blood (PB) and bone marrow (BM) blasts of 18 AML
patients in order to detect different expression of c-MET. We
found that a large percentage of PB and BM samples analyzed
in this study (61 and 44%, respectively) were positive for c-MET
expression. A good correlation between BM and PB was observed
(R2= 0.58). In contrast to our working hypothesis, we could not
find any correlation between c-MET expression and WBC count,
thus indicating that migration of blasts from BM to PB was not
affected by c-MET expression. However, we found that c-MET
was equally expressed in PB and BM blasts in 6 patients (33%)
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while it was lower in PB samples in 5 patients (28%) and higher in PB samples in 7 patients (49%). By analyzing these three
groups we found that patients with the higher PB c-MET expression had higher age (57 vs. 48), higher CD34 blast expression
(40% vs. 11%) and a worse response to treatment (CR 28% vs
60%) compared to patients with equal or higher BM c-MET
expression. Therefore, it is possible that a low expression of cMET in PB blasts correlates with a good prognosis.

C026
FUNCTIONAL AND IMMUNOPHENOTYPIC CHARACTERISTICS OF ISOLATED
CD105+ AND FIBROBLAST+ STROMAL CELLS FROM ACUTE MYELOID
LEUKEMIA: IMPLICATION FOR THEIR PLASTICITY ALONG THE ENDOTHELIAL
LINEAGE
Campioni D, Lanza F, Punturieri M, Moretti S, Dabusti M,
Tieghi A, Ferrari L, Castoldi G
Section of Hematology Department of Biomedical Sciences
and Advanced Therapies, University of Ferrara
The purposes of our study were the following: 1) to isolate and
characterize mesenchymal stem cells (MSCs) and mesenchymalderived stromal cells (MDSCs) from BM of normal subjects and
patients with AML at the onset of the disease by immunomagnetic
system using either anti-CD105 or anti-fibroblast monoclonal
antibodies (MoAbs); 2) to compare the immunophenotypic and
functional properties of freshly isolated and cultured MSCs and
MDSCs; 3) to verify the in vitro functional capacity of selected
cells to growth and to differentiate into endothelial cells. Fresh
mononuclear cells obtained from BM of patients with newly diagnosed 20 AML: AML-M0 (n=5), AML-M1 (n=3), AML-M2 (n=4),
AML-M4 (n=3), AML-M5 (n=5) and of 8 healthy subjects were
selected by using the anti-fibroblast and anti-CD105 MoAbs.
Freshly isolated cells were analyzed and characterized by flow
cytometry using a wide panel of MoAbs, and seeded in long-term
medium to assess CFU-F formation, stromal layer confluence after
30 days of culture and functional capacity in a long-term culture
colony-forming cell (LTC-CFC) assay. Cultured stromal cells were
further characterized and their differentiation capacity into an
endothelial phenotype was also tested. Results. The isolation of
MSCs and MDSCs from normal BM cells by using anti-fibroblast
MoAb, increased the number of CFU-F from 1.8- to 4-fold and
from 2.4- to 3.2-fold when the anti-CD105 MoAb was used. Antifibroblast and anti-CD105 MoAb selection of MDSCs from AML
BM resulted in a CFU-F count that was 4.4-to 29.4-fold greater
and 7.7-to 34.6-fold greater, respectively, than when unselected
AML BM was assayed. Before the magnetic isolation, in vitro culture of bone marrow mononuclear cells (BMMNC) from AML
patients showed a reduced capacity to form confluent stromal
layer that was restored after cell selection. The phenotypic profile
of cultured MDSCs was different from that of freshly isolated
MDSCs in the expression of CD105, CD106, D7Fib and ASMA antigens. Interestingly, CD105+ selected cells cultured with the addition of VEGF and EGF expressed endothelial markers, a finding
that suggests that this cell subpopulation may express the potential to differentiate into an endothelial-like phenotype. Moreover,
stromal layers obtained from normal and leukemic samples sustained the proliferation and differentiation of hematopoietic stem
cells (HSCs) in the LTC-CFC assay. In conclusion, the CD105+ and
fibroblast+ cells successfully isolated and expanded could be a
potential source of in vitro functional autologous stroma –based
assays in comparison to xenogeneic models.
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C027
SEARCHING FOR POSSIBLE MECHANISMS OF ACTION OF THALIDOMIDE
IN MYELODYSPLASTIC SYNDROMES
Musto P, Falcone A, Sanpaolo G, Minervini M, La Sala A,
Mantuano S, Bisceglia M,* Matera R,° Carella AM
Unit of Hematology and Stem Cell Transplantation,*Service of
Pathologic Anatomy, IRCCS "Casa Sollievo della Sofferenza",
S. Giovanni Rotondo; °Unit of Onco-Hematology, CROB,
Rionero in Vulture, Italy
Recent evidence suggests that thalidomide (THAL) may significantly improve erythropoiesis in about one third of patients
affected by myelodysplastic syndromes (MDS) (Raza et al., Blood
2001; 98:958-65; Strupp et al., Leukemia 2002; 16:1-6; Musto et
al, Leuk Res 2001; 25 Suppl1:S69). In particular, we have observed
that THAL may abolish transfusional dependency in a selected
group of younger patients with low-risk MDS and recent diagnosis. Although a lot of possible activities have been hypothesized
(reduction of angiogenesis, modulation of immune-response, inhibition of apoptosis, and others), the exact mechanism(s) by which
THAL acts in MDS is still not elucidated. We focused on this issue
in 5 previously reported MDS patients with severe anemia who
had responded to THAL by interrupting their transfusional support.
Two main aspects were evaluated, before and during THAL therapy: modifications of erythropoiesis and modulation of marrow
angiogenesis. Thus, along with the routine hematologic parameters, the following elements were investigated: marrow cyto and
histo-morphology; serum levels of endogenous erythropoietin
(EPO) and soluble transferrin receptor (STR); percentage of HbF;
marrow plasma levels (by means of immuno-enzymatic assay) of
angiogenetic growth factors, such as vascular endothelial growth
factor (VEGF), hepatocytic growth factor (HGF) and basic fibroblastic growth factor (bFGF); marrow microvessel density (MVD),
measured as semiquantitative evaluation by immunohistochemical detection of CD34+ endothelial cells. The results of this study
can be summarized as follows: a) serum levels of endogenous EPO
(baseline values > 200 miu/L in 4/5 cases) significantly increased
(up to 3.600 miu/L) in 4 patients, while in 1 subject the value
decreased; b) the percentage of HbF increased in 3 patients, (in
particular, from 5% to 48% in a woman with concomitant thalassemic syndrome); c) Serum levels of STR increased in 3 patients,
decreased in 1 and remained substantially unchanged in the fifth
patient. d) Marrow examination revealed a substantial reduction
in the percentage of sideroblasts in a patient with acquired sideroblastic anemia. No other significant morphological modifications
were observed. With respect to angiogenesis, we found that: a)
Marrow plasma levels of VEGF and HGF signifcantly increased
under THAL therapy (in particular HGF) in 3 patients, with some
individual variations; in the other 2 patients a moderate decrease
or stable values were found. The modifications of bFGF were less
relevant. b) MVD was also found to be moderately augmented in
patients with increased levels of VEGF and HGF, while no substantial modifications occurred in the remaining 2 patients. These
preliminary findings suggest that the effects of THAL in MDS may
include stimulation of erythropoiesis by inducing physiological
compensatory mechanisms (i.e. increase of endogenous EPO and
HbF) to correct anemia. On the other hand, an inhibition of apoptosis and, consequently, of ineffective erythropoiesis, which characterize MDS (as suggested by the decrease in one patient of STR,
a quantitative marker of total erythropoiesis, despite the concomitant improvement of Hb values) may also play a role. Our
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data also indicate that angiogenesis in MDS patients responsive
to THAL seems to be increased, rather than inhibited, at least in
some cases. Whether this unexpected phenomenon may have
importance in improving erythropoiesis in MDS treated with THAL
remains to be demonstrated. Likewise, alternative mechanisms,
such as immuno-modulation of hematopoiesis or a specific activity directed against cytokines with inhibitory effects on erythroid
precursors, warrant investigation. On these bases, we hypothesize
that the effect of THAL in MDS is probably mediated by heterogeneous biological mechanisms, which may be different and, possibly, variously combined in single patients.

C028
LOW DOSE CHEMOTHERAPY + 13-CIS RETINOIC ACID
+ DI-HYDROXYLATED VITAMIN D3 FOR ACUTE MYELOID LEUKEMIA
PATIENTS NOT ELIGIBLE FOR INTENSIVE TREATMENTS
Ferrero D, Campa E, Campana S, Della Casa C, Boccadoro M
Divisione di Ematologia dell' Università di Torino; Dipartimento
di Medicina e Oncologia Sperimentale; Università degli Studi
di Torino
Acute myeloid leukemia (AML) is quite frequent in old people,
with the median age of AML patients being around 65 (Sekeres
MA, Stone R M: Curr Opin Oncol 2002;14:24-30). However, less
than 50% of over 60 year old patients can be treated with standard anti-AML chemotherapy, other patients usually receiving
supportive care or low dose, palliative chemotherapy only, with
a very short survival (median 2-4 months). Based on encouraging in vitro studies, we have previously applied a combination of
13-cis retinoic acid + dihydroxylated vitamin D3 + intermittent,
low dose chemotherapy (6-thioguanine/6mercaptopurine) to
poor prognosis myelodysplastic syndrome (MDS) patients ineligible for intensive chemotherapy, with approximately 50% of
patients achieving a clinical response and a survival advantage
(Ferrero D et al. Leuk Res 1996; 20: 867-76). We then applied the
same therapeutic approach, with the addition of intermittent,
low dose cytarabine (ARA-C) to AML patients ineligible for intensive chemotherapy because of age and/or comorbidity: results of
this experimental protocol are here described. Twenty-two AML
patients, 14 male and 8 female, with a median age of 70 (3089), entered the study; 3 patients only were less than 65 year old.
Diagnosis, according to F.A.B classification was M1 in 6, M2 in
8, M4 in 6 patients; two more patients presented with a MDS in
transformation (RAEB-t) that is now included among AML. In 6
patients the disease was secondary to a MDS/myeloproliferative
disorder (5) or previous chemotherapy (1); 6 patients had previously received intensive anti-AML therapy: 5 were in 1st - 3rd
relapse, 1 in minor response only after first line standard treatment. Median leukocyte count at the start of treatment was 4
×109/L (1.5 - 28). Caryotype was obtained in 5 of the 7 more
recent cases only: chromosomal abnormalities were found in
two (+8; -7). All patients received a continuous treatment with
13-cis retinoic acid (Roaccutan) 20-40 mg/day + di-hydroxylated vitamin D3 (Rocaltrol) 1-1.5 micrograms/day. Low dose
chemotherapy included 1-2 cycles of ARA-C (Aracytin) 8 mg/m2
× 2/day s.c.+ 6-thioguanine (Thioguanine) or 6-mercaptopurine
(Purinethol) 40 mg/day for 14-20 days. Responsive patients continued a maintenance therapy with continuous 13-cis retinoic
acid and di-hydroxylated vitamin D3 + 6-mercaptopurine ±
ARA-C for 2 weeks alternated, after a 2-3 week rest, with 6-
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thioguanine for 2-3 weeks. Complete response (CR) was defined
by: bone marrow blast proportion < 5%, neutrophils > 1.5 ×
109/L, platelets > 100 × 109/L, Hb >10 g/dl. Partial response
(PR) was defined by: bone marrow blast proportion < 15%, no
transfusion requirement, neutrophils > 0.5 × 109/L and platelets
> 50 × 109/L. Eight patients/22 (36%) achieved a CR and 5/22
(23%) a PR, with a total response rate of 59%. Median response
duration was 11 months (2-24), without significant differences
between CR and PR. Three /6 patients >80 year old died of treatment- related complication during the 1st month. No treatment
related death occurred among younger patients or during maintenance; the treatment was generally well tolerated and conducted on outpatient basis. Median global survival was 9 months
(1-37), with 42% of patients alive at 12 and 22% at 24 months.
Responders achieved a quite better survival (median 14 months,
range 6-37; 67% alive at 12 months and 38% at 24 months)
than non- responders (median 2 months, range 1-6). No survival
differences were observed between CR and PR patients. In conclusion, our protocol achieved a somewhat better response rate
than usually reported with low dose ARA-C alone (CR rate 1530%, total response rate 30-40%). Moreover, the survival of this
group of poor prognosis AML patients and of responsive ones
was comparable to that usually obtained with intensive
chemotherapy in less old and more fit patients. The above
described combination of differentiative agents + low dose
chemotherapy confirmed in AML the encouraging results previously obtained with MDS patients. Clinical results might be furtherly improved by new clinically available agents such as histone de-acetylase inhibitor valproic acid.
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C029
POST-TRANSPLANT LYMPHOPROLIFERATIVE DISORDERS DERIVE FROM
POST-GERMINAL CENTER B-CELLS THAT ARE FREQUENTLY EXPERIENCED
BY ANTIGEN
Capello D,* Cerri M,* Berra E,* Muti G,° Oreste P,#
Deambrogi C,* Gloghini A,@ Viglio A,^ Dotti G,§ Carbone A,@
Paulli M,^ Morra E,° Rambaldi A,§ Gaidano G*
*Hematology Unit, Department of Medical Sciences, Amedeo
Avogadro University of Eastern Piedmont, Novara; Divisions of
°Hematology and #Pathology, Ospedale Niguarda Ca' Granda,
Milan; @Division of Pathology, C.R.O.-I.N.T., Aviano; ^Institute
of Pathology, University of Pavia, Pavia; §Division of
Hematology, Ospedali Riuniti, Bergamo, Italy
Post-transplant lymphoproliferative disorders (PTLD) are a
major complication of solid organ transplantation and represent
a cause of severe morbidity and mortality among transplantated patients. The overwhelming majority of PTLD are of B-cell
origin and comprise a histologic spectrum ranging from polyclonal hyperplasia to overt lymphoma or multiple myeloma.
Knowledge of the molecular pathogenesis and histogenesis of
PTLD is extremely scarce, and therefore few molecular markers
are available for the diagnosis and prognostic assessment of
these lymphomas. Here we investigated a panel of 50 PTLD arising in solid organ transplant recipients for the usage, mutation
pattern and antigen selection process of immunoglobulin variable (IgV) heavy (H) and light (L) chain genes. Moreover, we analyzed the productively rearranged IgVH and IgVL genes for the
introduction of glycosylation sites by somatic hypermutation, a
phenomenon that can alter the physical properties of the B-cell
receptor complex and has been recently linked to lymphomagenesis. In parallel, we investigated BCL-6 mutations, that are
accumulated during germinal center (GC) transit of B-cells, as
well as protein expression of BCL6, MUM1 and CD138, which
segregate the GC stage of B-cell differentiation (BCL6+/MUM1/+/CD138-) from later stages of maturation (BCL-6/MUM1+/CD138v). Evidence of antigen selection of IgV genes
was analyzed both by Chang-Casali and multinomial statistical
methods. Somatic mutations in IgVH and/or IgVL genes were
found in 85% PTLD, at a rate ranging from 2.5% to 25% in
individual cases. By combining IgVH and IgVL analysis, evidence
for a significant counterselection of replacement (R) mutations
within the IgV framework regions (FR) was observed in 60%
PTLD, while evidence of antigen selection, signified by clustering of R mutations in complementarity determining regions
(CDR), was observed in 40% of cases. Four large B-cell
immunoblastic lymphomas harbored crippling mutations of IgVH
and/or IgVL genes, suggesting a cellular origin from pre-apoptotic GC B-cells that have lost the ability to express antigen
receptors. Introduction of glycosylation sites in IgVH genes was
observed in 15% of cases, while introduction of glycosylation
sites in IgVL sequences was not detected. When the distribution
of individual IgVH and IgVL genes utilized by PTLD was examined, a small number of individual genes were found signifi-
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cantly more often than would be expected from random usage
based on their distribution in the genome (χ2 test, p<0.05). Thus,
five IgVH segments (3-15, 3-30, 3-74, 1-02 and 3-07), corresponfing to 10% of the functional IgVH segments, were
rearranged by 50% of PTLD, and nine IgVκ segments (L12, B3,
O8/O18, A27, L2 A18, O17, L10 and O2/O12), corresponding to
22.5% of the functional IgVκ genes, were rearranged in more
than 80% of PTLD. Mutations of BCL-6 were found in 42% of
cases at a frequency ranging from 0.71 to 7.9×10-3/bp. The phenotype most frequently detected in PTLD was the BCL6/MUM1+/CD138− profile, consistent with a post-GC stage of Bcell differentiation. The implications of these data are multifold.
First, virtually all PTLD derive from GC-related B-cells, independent of their differentiation stage, morpho-phenotypic profile
and site of origin. Second, the counterselection of R mutations
within the FR suggests that most PTLD originate from mutating
B-cell clones selected, at least for some period of time, for
expression of functional antigen receptors. Third, the preferential clustering of R mutations within CDR indicate that a fraction of PTLD derive from antigen-experienced B-cells. Finally,
PTLD conceivably reflect a post-GC stage of B-cell differentiation which has not yet undergone terminal maturation. Notably,
the BCL6-/MUM+/CD138- phenotype of PTLD is at variance with
that of other lymphomas arising in the setting of immunodeficiency, namely AIDS-related lymphomas, which display either a
typical GC-related phenotype (BCL6+/MUM1−/+/CD138−) or a
classical post-GC phenotype (BCL6−/ MUM1+/CD138+).

C030
PERITONEAL λ-RESTRICTED B-CELLS IN HHV8-ASSOCIATED
MULTICENTRIC CASTLEMAN'S DISEASE AS EVIDENCE OF EMERGING
PRIMARY EFFUSION LYMPHOMA
Ascoli V,* Remotti D§
*Anatomia Patologica, Dipartimento di Medicina Sperimentale
e Patologia, Università La Sapienza, Roma;
§Anatomia Patologica, Azienda Ospedaliera San Camillo
Forlanini, Roma
Human herpesvirus-8 (HHV8)-associated multicentric Castleman's disease (MCD) is a lymphoproliferative disorder that in the
context of HIV-infection can be devastating. In MCD, HHV8
infects IgM+ naive B cells with features of plasmablasts within
the mantle zone of lymph nodes that may coalesce to form
microscopic monotypic (lambda-restricted) but polyclonal/multiclonal microlymphomas (Blood 2001; 97:2130-6). Progression
toward a variety of non-Hodgkin's lymphomas (NHL) may occur,
namely frank plasmablastic lymphoma and extranodal extracavitary NHL whose morphology and phenotype is similar to that of
primary effusion lymphoma (PEL) (Blood 2002;99:2331-6), also
linked to HHV8. MCD patients may also develop true intracavitary PEL (J Pathol 2001;193:200-9). MCD-associated HHV8-positive NHL have been recently proposed to fall into 2 groups with
different pathogenesis: plasmablastic NHL originating from MCD
lesion (from HHV8-infected naive, unmutated pre-germinal center cells) and PEL and PEL-like originating from different cells
whose growth is promoted by the MCD cytokine microenvironment (post-germinal center cells with rearranged and mutated
immunoglobulin genes). Besides the basic question regarding
MCD (hyperplastic versus neoplastic nature), several others concerning MCD-associated NHL remain uncertain, including
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whether they originate from the MCD lesion itself; the link
between original type(s) of HHV8-infected cell and the lymphomagenesis steps; and the factors that may trigger the transformation of HHV8-infected lymphoid cells and their tropism for
body cavities. There is some evidence that in MCD, HHV8 might
selectively infects a subset of B-cells that are found within the
mantle zone, the so-called Ly-1/CD5+ lymphocytes (Blood 2000
15; 96:1614-6). Ly-1/B1 cells (high IgM/low IgD ratio) are an
important source of natural antibodies, preferentially express λ
immunoglobulin light chain and are a predominant cell type in
body cavities as the first line of defense against antigens. Ly-1/B1
cells, whose homeostatic control is bone marrow independent,
are rare in the blood or lymph nodes of undiseased individuals,
are also located within splenic tissue, home to body cavities, and
do not decline with aging. We recently observed an Italian HIV(C3)-positive homosexual 45-year-old man on antiretroviral therapy who developed rapid onset of fever, anemia, low platelet
count, hepato-splenomegaly, widespread lymphoadenopathy,
anasarca and ascites. Lymph node biopsy revealed activated lymphoid cells and increased vascularity compatible with MCD. Peritoneal fluid contained lambda-restricted lymphoid cells with features of plasmablasts. The patient proved to be positive for HHV8
on PBMC and MCD samples, by PCR. He had an aggressive clinical course and died after 8 weeks after admission with multiorgan failure. Autopsy revealed acute myocardial infarction as
immediate cause of death, generalized lymphoadenopaties, massive splenomegaly (2,800 gm), hepatomegaly (3,500 gm), and
bilateral pleural effusions and ascites. Histology showed diffuse
infiltration by immature and atypical plasmocytoid cells (IgM+, λpredominant) and abundant proliferating blood vessels in lymph
nodes and spleen, and foci of visceral Kaposi's sarcoma. This case
is a unique opportunity to analyze better the relationship
between HHV8 and Ly-1/B1 cells, which are increased in the context of HIV-infection, and the link (if any) between the atypical
plasmocytoid cells (IgM+, λ-predominant) of lymph nodes and
spleen and those morphologically identical observed in the peritoneal cavity (λ-restricted).

C031
MOLECULAR HISTOGENESIS OF PLASMABLASTIC LYMPHOMA OF THE ORAL
CAVITY
Cerri M, Capello D, Berra E, Deambrogi C, Rossi D,
Franceschetti S, Larocca LM, Campo E, Gloghini A, Carbone A,
Gaidano G
Haematology Unit, Division of Internal Medicine, Department
of Medical Sciences, Amedeo Avogadro University of Eastern
Piedmont, Novara, Italy; Institute of Pathology, Catholic
University of the Sacred Heart, Rome, Italy; Department of
Pathology, Hospital Clinic, Barcellona, Spain; Division of
Pathology, Centro di Riferimento Oncologico, Istituto Nazionale
Tumori, IRCCS, Aviano, Italy
Plasmablastic lymphoma (PBL) of the oral cavity is a peculiar
type of B-cell lymphoma associated with HIV infection and originating in the mucosa of the oral cavity. Most PBL of the oral cavity display an aggressive course, and prognosis is poor despite
therapy. Although the phenotype of the lymphoma clone is consistent with late stages of B-cell maturation, the molecular histogenesis of PBL of the oral cavity is poorly understood. This
study aimed at refining the molecular histogenesis of PBL of the
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oral cavity by investigating several molecular and phenotypic
markers of histogenetic relevance for B-cell lymphoma.The tumor
panel consisted of 12 PBL of the oral cavity arising in HIV-infected individuals. Lymphoma samples were subjected to a detailed
analysis of several histogenetic markers, including mutations of
immunoglobulin heavy gene variable region (IgVH) and BCL-6
genes, that are acquired by B-cells at the time of germinal center (GC) transit. Cases were also tested for phenotypic markers
of histogenesis, namely expression of BCL-6, MUM-1 and CD138
proteins, that distinguish GC B-cells (BCL-6+/MUM-1±/CD138+)
from post-GC B-cells (BCL-6-/MUM-1+/CD138±). Evidence of
antigen stimulation and selection of IgVH genes was analysed by
both the Chang-Casali (binomial) and multinomial statistical
methods. Functional IgVH rearrangements were identified in 10
cases of PBL of the oral cavity. The IgVH gene families utilized by
PBL of the oral cavity displayed no bias for a specific VH family,
and included VH1 (2/10 cases), VH3 (3/10 cases), VH4 (2/10 cases), VH5(2/10 cases) and VH6 (1/10 cases). The IgVH genes utilized by 6/10 PBL displayed germline sequences, consistent with
an origin from pre-GC B-cell. Conversely, somatic hypermutation
of IgVH genes occurred in 4/10 PBL, suggesting an origin from
GC-related B-cells. In these cases, the IgVH mutation rate ranged
from 5.9% to 15.6% in different PBL samples. Among PBL carrying somatically hypermutated IgVH genes, two cases displayed a
pattern of IgVH mutations consistent with antigen stimulation of
the tumor clone, as defined by a number of replacing mutations
within the framework regions lower than would be expected to
arise by chance alone. Analyses of JH gene segments revealed
under-representation of the most commonly used JH4 segment
which was identified in only 1/10 cases, whereas 7/10 PBL of the
oral cavity (6 with germline IgVH genes and 1 with mutated IgVH
genes) utilized JH6b gene. Mutations of the BCL-6 gene, which
are physiologically accumulated by B-cells during GC transit,
were restricted to 1/12 cases of PBL of the oral cavity. All cases
of PBL of the oral cavity displayed the BCL-6-/MUM-1+/CD138+
phenotype that is consistent with the late stage of B-cell differentiation of the tumor clone. The implications of these data are
threefold. First, despite a common phenotype and similar degree
of differentiation, PBL of the oral cavity are characterized by histogenetic heterogeneity. In fact, a subset of PBL of the oral cavity carrying the molecular clues of GC transit conceivably originate from post-GC B-cells. Conversly, another subset of PBL of
the oral cavity are devoid of somatic IgVH mutations and appear
to originate from pre-GC (naive) B-cells. Notably, the tumor cells
of PBL of the oral cavity of pre-GC origin have been able to
acquire phenotypic features of preterminally differentiated Bcells independent of GC transit, since they stain positive for
MUM-1 and CD138. Second, in contrast to other types of HIVassociated lymphomas, antigen stimulation and selection appears
to play a minor role in the pathogenesis of PBL of the oral cavity. This notion is reinforced by the fact that all PBL of the oral
cavity with unmutated IgVH genes utilized a JH6b segment.
Indeed, in normal B-cell physiology, the utilization of JH6b is
overrepresented in unmutated productive VHDJH rearrangements, and significantly underrepresented in mutated VHDJH
rearrangements, suggesting that utilization of JH6b may be disadvantageous for expansion by antigen, whereas it may favor
positive selection in the preimmune unmutated B-cell repertoire.
Finally, because histogenesis has been shown to affect prognosis in other B-cell disorders, these data prompt the assessment
of the prognostic role of IgVH mutations in PBL of the oral cavity.
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C032
SOLUBLE CD87 (suPAR) AS AN INDEPENDENT FACTOR PREDICTING WORSE
PROGNOSIS AND EXTRA BONE MARROW INVOLVEMENT IN MULTIPLE
MYELOMA PATIENTS
Tieghi A,* Rigolin GM,* Zenone Bragotti L,* Cavazzini F,*
Ciccone M,* Della Porta M,* Castagnari B,* Carroccia R,°
Guerra G,° Cuneo A,* Castoldi G*
*Sezione di Ematologia, DSBTA, Università di Ferrara
Laboratorio Analisi Chimico-Cliniche, Arcispedale S. Anna,
Ferrara°
The urokinase-type plasminogen activator (uPA) system,
which consists of a proteinase (uPA), a receptor (uPAR, CD87)
and inhibitors, is involved in proteolysis, cell migration, tissue
remodelling (by multiple modes of action such as proteolysis, signal transduction, and chemokine-like activities), and cell adhesion through the interaction with extra-cellular matrix proteins
(such as vitronectin) and β-integrins. Recent acquisitions suggest that malignant plasmacells express uPA and uPAR. The
expression of these factors could represent a modality by which
myeloma cells interact with the bone marrow environment and
influence important biological events such as bone matrix degradation, plasmacell invasion and homing, and possibly clinical
evolution. We therefore evaluated uPAR (CD87) and its soluble
form (suPAR) in 49 myeloma patients and correlated their
expression and levels with clinico-biological characteristics. Flow
cytometry analysis demonstrated that CD87 is expressed, though
at low levels, in 49/49 myeloma patients. CD87 intensity of
expression was found to correlate positively with CD56 (0.038),
CD38 (0.058) and CD138 (0.054), and negatively with CD45
(0.0014). suPAR levels correlated positively with serum soluble
CD138 (p=0.001), creatinine (p=<0.001), β-2-microglobuline
(p=<0.001), disease stage (p=0.002). In the thirty-seven patients
evaluable, multivariate analysis showed that higher levels of
suPAR (p=0.0059), along with disease stage (p=0.0116), were
predictive of extra bone marrow involvement. In multivariate
Cox analysis, soluble serum CD138 (p=0.0008) and suPAR
(p=0.0332) were the only parameters, which independently
affected survival. Our data confirm previous observations
demonstrating that CD87 is expressed on myeloma plasmacells
and suggest that suPAR could represent an new prognostic parameter predicting extra bone marrow involvement and survival in
multiple myeloma patients. Circulating suPAR might play a role
in the progression of the disease given the observation that its
fragments have chemokine-like activities, and are capable of
modulating, in vitro, processes such as cell adhesion, migration,
and proliferation.

C033
ROLE OF RECEPTOR ACTIVATOR OF NF-κB LIGAND (RANKL) IN
THE PHYSIOPATHOLOGY OF MULTIPLE MYELOMA
Giuliani N,* Colla S,* Lazzaretti M,# La Monica S,* Bonomini S,*
Hojden M,* Sammarelli G,* Barillè S,§ Bataille R,§ Rizzoli V*
*Cattedra di Ematologia, #Anatomia Patologica, Università di
Parma, Italy ; §INSERM U463, France
It is known that the bone marrow (BM) microenvironment has
a pivotal role in the pathogenesis of multiple myeloma (MM)induced osteoclastogenesis and angiogenesis. Several data indi-
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cate that the receptor activator of NF-κB ligand (RANKL),
expressed by stromal/osteoblastic cells and activated T lymphocytes, is a critical factor in the regulation of bone resorption.
Recently, a pro-angiogenetic effect of RANKL was also demonstrated. The aim of this study was to evaluate the role of RANKL
in the physiopathology of MM. We found that different human
myeloma cell lines (HMCL) and fresh MM cells did not express
RANKL. On the other hand, in a co-culture system we demonstrated that HMCL (XG-6 and XG-1) upregulated RANKL and
inhibited its soluble antagonist osteoprotegerin (OPG) in BM stromal cells (BMSC) at both mRNA and protein level. This effect was
mediated by the cell to cell contact and blunted in the presence
of anti VLA-4 mAb. In addition, in a co-culture transwell system,
we found that HMCL stimulated RANKL expression and secretion
by activated T lymphocytes at least in part through the secretion
of IL-7. The in vitro results were confirmed by the reduction of
OPG expression in trabecular osteoblasts, and by the increase of
RANKL positive BMSC, observed in MM patients with bone lesions
compared to controls. Furthermore, BM T lymphocytes purified by
MM patiens with extensive bone lesions expressed RANKL, in
contrast to those without osteolysis. In conclusion, our results
indicate that myeloma cells upregulate RANKL in the BM
microenvironment suggesting the potential role of this system in
the physiopathology of MM.

C034
REAL-TIME QUANTIFICATION OF CYCLIN D1 OVEREXPRESSION IN NEWLY
DIAGNOSED MULTIPLE MYELOMA IDENTIFIES A SUBSET OF PATIENTS
WHO ARE REFRACTORY TO CONVENTIONAL CHEMOTHERAPY
Soverini S, Terragna C, Ruggeri D, Testoni N, Bonifazi F,
Ottaviani E, Amabile M, Giannini B, Zamagni E, Cellini C,
Tosi P, Cavo M, Tura S, Baccarani M, Martinelli G
Institute of Hematology and Medical Oncology “Seràgnoli”,
Bologna, Italy
11q abnormalities, leading to the deregulated expression of
cyclin D1 proto-oncogene, are among the most frequent cytogenetic aberrations found in multiple myeloma (MM) patients.
In the search for more biologically relevant prognostic indicators, cyclin D1 has often been regarded as a potential candidate,
but its actual predictive value still remains to be assessed. Using
a novel sensitive and straightforward real-time RT-PCR setup, we
quantified cyclin D1 mRNA expression in the bone marrow of 92
newly diagnosed MM patients, who were subsequently treated
with conventional chemotherapy - VAD and high-dose cyclophosphamide - followed by a single or double peripheral blood
stem cell transplantation. In 52 cases with sufficient material,
FISH analysis was also done to evaluate the presence of chromosome 11 abnormalities. Cyclin D1 overexpression was detected in 36 out of 92 patients (39%). Patients who overexpressed
cyclin D1 had a median ∆∆ct value of 14.97 (range:11.17-18.89),
as against 22.40 (range: 20.20-25.42) for those who did not. A
perfect correlation was found between cyclin D1 overexpression
as detected by our real-time RT-PCR assay and the presence of
the t(11;14), or an extra-copy of chromosome 11, as assessed by
FISH. Cyclin D1 overexpression correlated significantly with bone
marrow infiltration (p = 0.06) and clinical staging (p = 0.05). No
statistical differences were found in gender, immunoglobulin
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isotype, serum β-2-microglobulin, C-reactive protein and creatinine levels between patients who overexpressed cyclin D1 and
patients who did not. Interestingly, patients who overexpressed
cyclin D1 had a statistically significant lower rate of complete
response both to VAD (p = 0.003) and to high-dose cyclophosphamide (p = 0.005) treatments. However, they showed neither
a significantly lower response to transplant(s), nor shorter eventfree survival and overall survival.
Funding: This work was supported by MURST (S.Tura 40%;
1999) an MURST (M.Cavo 60%; 1999).

C035
CHROMOSOME 13 ABNORMALITIES DETECTED BY FLUORESCENCE IN SITU
HYBRIDIZATION IN NEWLY DIAGNOSED MULTIPLE MYELOMA PATIENTS
RECEIVING FIRST-LINE AUTOLOGOUS STEM CELL TRANSPLANTATION
Testoni N, Tonelli M, Luatti S, Ruggeri D, Cellini C, Zamagni E,
de Vivo A, Cangini D, Tura S, Baccarani M, Cavo M
Institute of Hematology and Medical Oncology “Seràgnoli”,
University of Bologna, Italy
Monosomy and/or deletions (_) of chromosome 13, as
assessed by conventional cytogenetic (CC) analysis, are reported in 10-20% of patients (pts) with newly diagnosed multiple
myeloma (MM) and are associated with an unfavorable clinical
outcome. However, CC is hampered by the low proliferative
activity of the myeloma clone, a finding which makes questionable the real prognostic value of _ 13. To address this issue, we
analyzed a series of 40 consecutive pts with previously untreated MM who were planned to receive either single or double
PBSC autotransplants by performing combined CC and the interphase fluorescence in situ (FISH) technique to detect _ 13. For
this purpose, we used the D13S319 probe which hybridizes to the
13q14.3 region; the cut-off level for D13S319 deletion was fixed
at a value of 8.0%. CC was unsuccessful in 2 pts and 38 pts had
assessable metaphases; of these latter pts, 14 (37%) had abnormal karyotype and 4 of them (10.5%) had _ 13 (results of CC and
FISH were concordant for these pts). Overall, 20 pts (50%) had
_ 13 by FISH; their median percentage of aberrant cells was
14%, with a range between 8.4% and 59%. Comparison of pts
with _ 13 (group A) or without _ 13 (group B) by FISH failed to
disclose any significant correlation between chromosome 13
abnormalities and both presenting features and response to
high-dose therapy (CR rate, 45% in group A and 30% in group
B on an intent-to-treat basis). With a median follow-up of
approximately 3 years, median event-free survival was 30
months for pts in group A and 50 months for pts in group B. It
is concluded that in the present series of MM pts receiving frontline high-dose chemotherapy and with the actual follow-up
time, _ 13 by FISH analysis was not significantly associated with
either specific clinical and laboratory features nor with an
adverse prognosis.
Funding: Work supported in part by University of Bologna,
Progetti di Ricerca ex-60% (M.C.).
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C036
MOLECULAR REMISSION OF MULTIPLE MYELOMA PATIENTS AFTER
ALLOGENEIC OR AUTOLOGOUS TRANSPLANTATION OF HEMATOPOIETIC
STEM CELLS
Terragna C, Martinelli G, Rossi M, Soverini S, Amabile M,
Giannini B, Ottaviani E, Buonamici S, Zamagni E, Cellini C,
Tosi P, Cangini D, Tura S, Baccarani M, Cavo M
Institute of Hematology and Medical Oncology Seràgnoli,
University of Bologna, Italy
High-dose (HD) chemotherapy with the support of autologous
or allogeneic hematopoietic stem cells is commonly used for the
treatment of multiple myeloma (MM) patients and significantly
improves their survival. However, the majority of patients still
harbor detectable minimal residual disease (MRD) following
transplantation and ultimately relapse. We investigated the clinical relevance of MRD in 132 MM patients in complete clinical
remission (CCR) after autologous (n=99) or allogeneic (n=33)
stem cell transplantation, by using a polymerase chain reaction
(PCR) based strategy. In 10 autografted patients who were persistently PCR positive, we also performed real time PCR. Molecular monitoring using clonal markers based upon rearranged
immunoglobulin heavy-chain genes was performed in 70 of the
132 MM patients in CCR. Eighteen (26%) achieved molecular
complete remission (MCR), as defined by at least 2 consecutive
negative PCR results. The MCR rate was higher among allografted (53%, 9/17) that among autografted (17%, 9/53) patients
(p=0.03). Patients achieving MCR has slightly lower relapse free
survival compared to those who were persistently PCR positive
(median, 42 months vs 32 months respectively), although the
difference between the two groups was not statistically significant. Real-time PCR was used to quantitatively study 10 autografted CCR patients who were persistently PCR positive. This
was performed using tumor specific primer and Syber Green
Chromophor as universal probe. Relative quantification was performed on DNA in all cases and on RNA in 3 cases. The ∆∆ct
method was used, with the albumin gene adopted as an internal
control. Five of the 10 patients relapsed. In 2 cases, relapse was
preceeded by an increase of IgH clonal rearrangements, while in
three patients we could not see any increase of IgH clonal
rearrangement, although in two of them the IgH clonal
rearrangement expression rate significantly increased (in the
remaining case, insufficient material was available for monitoring up to relapse). Stringently defined MCR can be obtained in a
relatively high proportion of MM patients receiving allogeneic
stem cell transplantation and in a smaller fraction of patients
after autografting, a finding which suggests the existence of a
beneficial immunological effect exerted by donor T-cells present
in the allograft. Whether MCR does actually represent a goal of
high-dose treatment for MM and correlates with patients’ clinical outcome still remains to be formally demonstrated; studies
on larger series of patients are needed in order to confirm the
prognostic relevance of molecular monitoring by PCR strategies.
Finally, in patients who remain persistently PCR+, quantitative
monitoring could be of value to identify a threshold level above
which there is a significantly higher risk of clinical relapse.
Funding: This work was supported by Italian Association of Cancer Research (A.I.R.C.) “Tumor associated antigen”, by Italian C.N.R.
no. 98.00526.CT04, by M.U.R.S.T. COFIN 1999 “Ph+ Leukemia”, by
M.U.R.S.T (S. Tura 40% 1998 and 1999), by University of Bologna
Fund (M. Cavo 40%) target projects and by “30 Ore per la Vita” A.I.L.
grants.
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C037
SIMULTANEOUS IN VITRO EXPOSURE TO STI-571, APO2L/TRAIL AND
INTERFERON-α, WITH OR WITHOUT PRIOR ARA-C TREATMENT,
APO2L/TRAIL-INDUCED CYTOTOXICITY AND APOPTOSIS IN
BCR/ABL+ LEUKEMIC BLASTS
Grafone T, Martinelli G, Ottaviani E, Rosti G, Amabile M,
Giannini B, Terragna C, Buonamici S, Soverini S, Trabacchi E,
Bassi S, De Vivo A, Bonifazi F, Alberti D,* Tura S, Baccarani M
Institute of Hematology and Medical Oncology
"L. & A. Seràgnoli" *Novartis Farma (IT)
The BCR/ABL tyrosine kinase is implicated in the pathogenesis of chronic myelogenous leukemia (CML) and Philadelphia
chromosome-positive (Ph+) acute lymphoblastic leukemia (ALL).
STI-571 (GLIVEC, Novartis) is a novel anticancer agent that selectively inhibits the BCR/ABL tyrosine kinase. After binding with its
signaling death receptors (DR4 and DR5), the tumor-necrosisfactor α-related apoptosis-inducing ligand (Apo2L/TRAIL,
Genentech and Immunex) triggers the intrinsic mitochondrial
pathway of apoptosis more efficiently in neoplastic than in normal cells. We studied in vitro the effects on cytotoxicity and
apoptosis in the MK1 and MK2 Ph+ leukemic cell lines after 48h single-agent or simultaneous-exposure to Ara-C, Apo2L/TRAIL
and/or STI-571 and/or Interferon-α (IFN). The cytotoxic effect,
of 48-h single-agent exposure were: 12% for Ara-C; 27% for
STI-571; 24% for Apo2L/TRAIL. After simultaneous exposures,
the respective effects were: 44% for STI-571 plus Apo2L/TRAIL;
and 63% for STI-571 plus Apo2L/TRAIL plus IFN. The apoptotic
effects, of 48-h single-agent exposure were: 5% for Ara-C; 4%
for STI-571; 17% for Apo2L/TRAIL. After simultaneous exposures, the apoptotic respective effects were: 30% for STI-571
plus Apo2L/TRAIL; 31% for STI-571 plus Apo2L/TRAIL plus IFN.
These data provide evidence that single-drug resistance may be
overcome by administering a combination of agents directed
against different targets, such as STI-571 plus Apo2L/TRAIL plus
IFN. The treatment of human leukemic cells with Ara-C (or
etoposide or doxorubicin) has been reported to up-regulate DR5
levels and sensitize cells to TRAIL-induced apoptosis. As an internal control, 48-h exposure to Ara-C was found to produce cytotoxicity and apoptosis levels of 18% and 5%, respectively. By
comparison, 24-h Ara-C treatment followed by 24-h singleagent exposure produced cytotoxic and apoptotic effects,
respectively, of: 44% and 21% for STI-571; 41% and 18% for
Apo2L/TRAIL; and 13% and 4% for IFN. After 24-h combined
exposures (following 24-h Ara-C treatment), the respective
effects were: 48% and 30% for STI-571 plus Apo2L/TRAIL; and
39% and 31% for STI-571 plus Apo2L/TRAIL plus IFN. Furthermore, these data provide evidence that, priming with a DR5inducing drug like Ara-C followed by treatment with STI-571,
administered alone or in combination with Apo2L/TRAIL, could
be an effective strategy to better expose BCR/ABL+ leukemic
blasts to apoptosis.
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C038
EFFICACY OF IMATINIB MESYLATE (STI571) IN CONJUNCTION WITH
α-INTERFERON: LONG TERM QUANTITATIVE MOLECULAR REMISSION IN
RELAPSED P-190BCR-ABL-POSITIVE ACUTE LYMPHOBLASTIC LEUKEMIA
Visani G,* Isidori A,° Alberti D,# Malagola M,° Piccaluga PP,°
Martinelli G,° Amabile M,° Tura S,° Baccarani M°
*Department of Hematology, H San Salvatore, Pesaro, Italy;
°Institute of Hematology and Medical Oncology "Seràgnoli",
University of Bologna, Bologna; #Novartis Pharma
Treatment of Ph1+ acute lymphoblastic leukemia patients
remains problematic. Encouraging results have been reported
with the use of biological response modifiers such as α-interferon (α-IFN) and imatinib mesylate (STI571, Novartis, Basel,
Switzerland), a protein-tyrosine kinase inhibitor that shows
selectivity for the Abl protein-tyrosine kinase at the in vitro, cellular and in vivo levels. In particular, the combination of imatinib
mesylate with α-IFN has shown additive effects in proliferating
assays in vitro (Bcr-Abl positive cell lines and colony-forming
assays generated from chronic myeloid leukemia cells). Based on
these biological and clinical premises, we tested the in vivo effect
of the combination of imatinib mesylate (600 mg/day) and αIFN (1500000 UI/day) in P190BCR-ABL+ ALL, in a patient experiencing a third relapse after a previous successful reinduction
of remission with IFN and imatinib mesylate as single treatments. The effects of the combination were tailored with qualitative RT-PCR and real time RT-PCR transcript quantification.
The combination has proved effective within a short period of
time (49 days) and is up to now (17 months CCR) well tolerated. The qualitative PCR, which was persistently positive during
the complete remission periods induced by α-IFN and imatinib
mesylate treatment alone, resulted persistently negative with
the combination treatment starting from the first determination
(49 days after the start of therapy) up to now. These results were
further confirmed with Real Time RT-PCR, with a reduction of the
number of transcript copies for the Bcr-Abl fusion transcript to
a level well below that seen both in CML patients, as well as in
the same patient during the previous treatments with α-IFN or
imatinib mesylate. Thus, the combination has not only proved
effective in reinducing complete remission, but the quality of
molecular remission was improved in comparison to previous
treatments with the single drugs given alone. Considering the
efficacy and tolerability observed, these data suggest that further studies with this combination are worth pursuing in patients
with Ph+ ALL.

C039
TYROSINE PHOSPHATASE AS MODULATORS OF IN VITRO RESISTANCE
TO STI571
Quintarelli C, Di Noto R, Muccioli Casadei G, Sparacino A,
Bartiromo M, Izzo B, Intrieri M, Martinelli G, Alberti D, Rosti G,
Baccarani M, Saglio G, Pane F, Salvatore F
CEINGE, Dip. di Biochimica e Biotecnologie Mediche, Policlinico
Universitario dell'Università di Napoli Federico II, Facoltà di
Scienze MFN Università del Molise, and Novartis Pharma,
Origgio, Institute Of Hematology and Medical Oncology
"Seragnoli", Bologna University Hospital, Bologna
Leukemias, characterized by the Philadelphia chromosome
and the BCR/ABL fusion gene, are the prototype of diseases in
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which a unique genetic alteration that gives rise to a chimeric
protein leads to the disruption of multiple signal transduction
pathways, and impairs the balance between the proliferative
and differentiation capacity of hemopoietic cells. The BCR/ABL
protein is leukemogenic for its costitutively activated tyrosine
kinase activity, through which this chimeric protein autonomously phosphorylate a large number of intracellular substrates. The knowledge of the pivotal role of activated tyrosine
kinase activity in the leukemic cells has allowed the possibility
to design a specific drugs that targets the molecular defect the
STI571, a competitive inhibitor of ABL tyrosine-kinase, for the
therapy of chronic myeloid leukemia, that is under experimentation in clinical trials. Clinical testing in chronic phase of CML
patients showed that the treatment is highly effective and
induced hematological remission in more than 95% of patients
and cytogenetic remission in more than 60% of those. Response
duration is currently unknown, however preliminary studies show
that a sizeable proportion of responsive patients could loose
their sensitivity to the therapy. Resistance to STI571 in chronic
phase cannot yet be evaluated, but in accelerated or blastic
phase Ph+ cells are or become resistant to STI571 in most cases. The mechanisms of resistance to STI571 have not yet been
elucidated, however overexpression of BCR/ABL gene or alternatively, point mutations of catalytic site of BCR/ABL protein
seem to be involved in the resistance to the treatment. To investigate this issue, we performed in vitro experiments with the
K562, KCL22, TOM1, KT-1, Ph+ cell lines, which were incubated
with STI571 at various concentrations with or without IFN. We
used real time PCR to measure, in these cells, expression of the
hybrid BCR/ABL gene, and a series of genes involved in cell cycle
control, in cell maturation control, and of SHP-1 and SHP-2,
two SH2-containing tyrosine phosphatases. The results were
correlated with the rate of proliferation and of apoptosis of the
cells. Our findings indicate that cell lines cultured in the presence of STI571 at increasing concentrations from 0.1 µMol,
became resistant to the drug and their growth is not inhibited,
while the lines cultured in 1 µMol of STI were induced to apoptosis in 96 hours. We found that the in vitro resistance is associated with a sixty-fold increase of intracellular levels of
BCR/ABL mRNA and protein, and a two-log decrease of SHP2
mRNA, and that these changes are detectable after the first 24
hours of treatment. Interestingly, downmodulation of SHP2 is
not observed in cell lines sensitive to STI cultured with high doses of the drug. Moreover, the IFN treatment avoids the overexpression of BCR/ABL in cell lines cultured with low doses of STI,
and this effect is mediated by the expression of SHP1. These
results indicate the important role played by tyrosine phosphatase in the mechanism of BCR/ABL overexpression.
Funding: Work supported by grants from AIRC (Milan), CNR PF
Biotecnologie (Rome), MURST, AIL and Regione Campania.

C040
THE RESPONSE TO STI571 THERAPY IN CHRONIC MYELOID LEUKEMIA
PATIENTS CAN BE PREDICTED BY QUANTITATIVE ASSESSMENT OF WT1
EXPRESSION
Cilloni D, Messa F, Gottardi E, Fava M, De Micheli D, Messa E,
Rege Cambrin G, Martinelli G,* Baccarani M,* Saglio G
Department of Clinical and Biological Sciences, University of
Turin, Italy; *Department of Hematology, University of Bologna
The Wilms’ tumor gene (WT1) is overexpressed in a variety of
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hematological malignancies including CML. Several data demonstrated that the quantitative assessment of WT1 represent a
useful tool for monitoring the clinical behavior and response to
therapy in leukemic patients. CML is characterized by a deregulated tyrosine kinase activity due to the constitutive activation
of the oncogene BCR/ABL. STI571 (Novartis) is a compound
which selectively inhibits BCR/ABL activity resulting in the suppression of the Ph+ clone. Although a large percentage of
patients obtain hematologic and cytogenetic remission, a number of patients are resistant to this therapy. It could be of great
interest to try to establish an in vitro system able to predict clinical response. The aim of the study was: i) to assess whether the
block of the oncogenic activity of BCR/ABL induced by STI571 is
able to inhibit WT1 expression in vitro as well as in vivo ii) to
establish whether the quantitative assessment of WT1 expression after in vitro exposure to STI571 of BM cells of CML candidate patients could be a method for predicting response to
STI571. K562 and HL60 cell lines were incubated with STI571 10
microM for 18 hours. Real Time PCR was performed to determine
the WT1 transcript amount. In addition, RQ-PCR was performed
to assess the bcr/abl and WT1 transcript amount in 54 BM and
70 PB samples from 14 CML patients before STI571 therapy and
during follow-up. All the samples tested were also evaluated for
cytogenetic response. Parallel in vitro incubation of BM samples
from the same patients before treatment at increasing concentration (1-50 µM) for 18 hours were performed. The degree of
inhibition was tested by evaluating the suppression of colony
growth from multipotent, erytroid and granulocyte-macrophage
progenitors. We found that STI571 is able to inhibit WT1 expression in K562 cells (2753 WT1 copies/10000 ABL copies in the
control vs 430 WT1 copies/10000 ABL after STI571 incubation)
This effect is specific as demonstrated by the inefficacy in the
suppression of WT1 expression in the control line HL60. We
found that in responsive patients WT1 transcript amount reduction strictly paralleled the cytogenetic response and the progressive decrease of bcr/abl copy number during follow-up. By
contrast the three patients who after 1 year of treatment did not
obtain cytogenetic response showed unchanged levels of WT1
expression. After in vitro STI571 incubation of CML BM samples
before therapy, WT1 transcript amount was dramatically reduced
in patients who subsequently responded to STI, while the resistant patients showed unchanged levels even after incubation at
very high concentrations (50 µM). In these patients no colony
growth inhibition was noted. Although the significance of
WT1expression in CML is still to be clarified, the quantitative
assessment of its expression after in vitro exposure to STI571
may allow identification of patients who will eventually respond
to therapy from those who will not.

C041
CHRONIC MYELOID LEUKEMIA PATIENTS WITH RESISTANCE TO STI-571
THERAPY COULD BE MONITORED BY REAL-TIME QUANTIFICATION OF
BCR-ABL TRANSCRIPTS
Martinelli G, Rosti G, Trabacchi E, Amabile M, Giannini B,
Testoni N, Terragna C, Buonamici S, Ottaviani E, Soverini S,
Bassi S, De Vivo A, Tura S, Alberti D,* Baccarani M
Institute of Hematology and Medical Oncology “Seràgnoli”,
University of Bologna, Italy; *Novartis Pharma, Origgio (VA)
The knowledge of the responsibility of BCR/ABL protein in
several oncogenetic pathways brought to a molecular thera-
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peutic approach meant to avoid its role in neoplastic transformation. The transforming property of BCR/ABL is principally due
to its tyrosine-kinase constitutive activity. STI-571 is a promising drug, entered into clinical trials, that specifically inhibits
BCR/ABL tyrosine-kinase (TK) activity. This drug is widely considered to be a candidate treatment for BCR-ABL+ chronic
myeloid leukemia (CML). Exposure to STI-571 was shown to lower BCR/ABL TK activity, but a decrease of bcr-abl transcript levels is unproven. By real time quantitative RT-PCR, we studied the
bcr-abl transcriptional profile variation in 12 patients with CML
(four in chronic phase and eight in accelerated phase) before and
after one year administration of STI-571 (Glivec, Novartis). We
found a straight correlation between the clinical, hematological,
karyotypic response and the bcr-abl transcript decrease. With a
median average of 8.5 months (range 3-11 months) of follow up,
all but one the alive patients (9/12) achieved a complete hematological response, intended as a recovery of the platelet value
over 100,000 and a maintenance of WBC below 10000/m3. In 6
patients (41%) also a karyotypic response (conversion) (KR) was
also obtained (four complete, one major and one minor). The
amount of bcr-abl transcript correlated with the presence of a
cytogenetic response: in patients with KR, the median value of
bcr-abl/β2m ratio was 2512 (range 445-3470) (pre-STI), and
became 145 (range 2-3980), 51 (range 2-250), and 30 (range 3630), after three, six and nine months of STI-571 treatment,
respectively. Of the remaining patients without any karyotypic
response (NKR), 2/6 (7 %) died: of those patients who did not
achieve any karyotypic response, the median value was 3245
(range 790-12590; 6 patients), 405 (range 10-31620; 6
patients), 200 (range 70-1260; 3 patients), 75 (range 40-110,
two patients) at three, six and nine months, respectively. Also cMYC and SHIP transcript levels correlated with response to STI571 efficacy of therapy: both these transcripts showed significant reductions in responsive CML patients. We first demonstrated that STI-571 downregulates the amount of bcr-abl in
cytogenetic responsive patients and that this response is proportional to karyotypic response. We conclude that real-time
Taqman RT-PCR is a reliable and sensitive method to monitor
CML patients after STI-571 therapy and bcr-abl/β2m ratio strictly correlates with cytogenetic analysis.
Funding: This study was supported by the Associazione Italiana per la Ricerca sul Cancro (A.I.R.C.), by MURST 40% (Sante
Tura and Michele Baccarani), by “30 Ore per la Vita” A.I.L. grants
and Alternative Hair Show grants, by CML Cofin 1999 (M. Fiacchini, and G. Saglio), Cofin 2000 (S. Tura) and Cofin 2001 (M. Baccarani) funds.

C042
LARGE DELETIONS AT THE t(9;22) BREAKPOINT IN CHRONIC MYELOID
LEUKEMIA PATIENTS
Specchia G,*° Storlazzi CT,# Albano F,* Anelli L,°# Zagaria A,#
Pannunzio A,* Pastore D,* Greco G,* Ciuffreda L,* Rocchi M,#
Liso V*
*Dept. of Hematology, University of Bari, Bari; °Hematology,
University of Foggia; #Sezione di Genetica, DAPEG,
University of Bari
The BCR-ABL fusion gene is thought to play a central role in
the pathogenesis of chronic myeloid leukemia (CML); the existence of large deletions adjacent to the translocation breakpoint
of derivative 9 chromosome has been described. We collected
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data on the clinical and biological features of 71 chronic phase
CML patients to assess the possible relevance of these chromosomal deletions and any possible associations. To identify carriers of deletions on the derivative of chromosome 9 we performed
FISH experiments using two BACs covering regions flanking the
breakpoint on der(9). These probes were bA17L7 containing the
ASS locus proximal to the ABL gene and bA248J22 distal to the
BCR gene: they were used in cohybridization labeling with red
(Cy3) and green (FluorX). If one or both probes resulted deleted,
patients underwent a second screening using a contig of BAC
clones spanning chromosomal regions on 9 and 22 to define the
precise distal and proximal breakpoints of the deletion. A total
of 35 probes for chromosome 9 and 13 for chromosome 22 were
used. Deletions on der(9) were observed in 10 (14%) cases; these
were different sizes (in terms of Megabases) and had different
locations of the distal and proximal breakpoints. In patients with
deletions, the WBC count at diagnosis was higher than in those
without (176 × 109/L vs 88.2 × 109/L, p = 0.01). Splenomegaly
at onset of CML was present in 7 (70%) patients with deletions
and in 20 (33%) without (p= 0.03). The b3a2 BCR-ABL
rearrangement type was found in 8 (80%) patients with and in
38 (62%) patients without deletion (p = 0.4). Three (30%) and
2 (3,2%) cases of complex Philadelphia translocation were
observed in patients with and without deletions, respectively (p
= 0.01). Sokal’s risk was calculated: 5 (50%) cases with and 12
(20%) without deletions were included in the high risk category (p=0.05). All the 9 patients with deletions treated with interferon did not achieve hematological and cytogenetic response
after 1 year of treatment. Our data show that loss of genes adjacent to the translocation breakpoint may determine clinical and
biological features of CML. Further analysis is needed to establish whether deletions are associated with a worse prognosis.

C043
THE NOD/SCID MOUSE MODEL CONFIRMS THE VERY LOW FREQUENCY OF
LEUKEMIC STEM CELLS IN CHRONIC MYELOID LEUKEMIA IN CHRONIC
PHASE
Rosti V,* Castello S,# Podestà M,# Menditto V,# Soracco M,#
Pitto A,# Pozzi S,# Figari O,# Rolandi V,^ Bergamaschi G,°
Cazzola M,^ Frassoni F#
*Lab. of Organ Transplantation, ^Inst. of Hematology, °Internal
Medicine and Medical Oncology, IRCCS Policlinico San Matteo,
Pavia; #Dept. of Hematology, Ospedale San Martino, Genoa
It has been previously reported that sublethally irradiated
NOD/SCID mice can be transplanted with either bone marrow or
peripheral blood derived from patients affected from chronic
myeloid leukemia (CML), both in chronic phase (CP) and in blastic crisis. However, the proportion of leukemic cells that was
reported to engraft was very variable and in some cases results
were conflicting. We have now injected 60 NOD/SCID mice with
PB obtained from patients with CP CML. The animals were injected with up to 60×106 monuclear cells and sacrificed at various
time points after transplantation. The CD34+ cells, CFC, and LTCIC content of the graft ranged from 0.04 to 7 × 106, from 0 to
3.4 × 105, and from 0 to 1.58 × 103, respectively; the proportion
of injected Ph+ LTC-IC was 5-20%. Human cell engraftment
was evaluated by flow cytometry whereas RT-PCR was used for
the detection of the bcr/abl fusion transcript. We found that the
median engraftment rates of CD45+ and CD45+/CD34+ were

41

2.68% and 0.32% in the animals sacrificed 30 days after transplant (n=8), respectively. In the animals sacrificed between 60
and 90 days (n=24) the engraftment rates of CD45+ and
CD45+/CD34+ were 1.15% and 0.45%, respectively, whereas in
those killed between 90 and 120 days after transplant (n=28)
they were 1.47% and 0.61%, respectively. The absolute numbers
of CD45+ cells recovered from the BM was: 4.6, 2.2, and 2.7 ×
106 at 30, 60-90 and 90-120 days after transplant, respectively. The absolute number of CD45+/CD34+ cells was: 0.48, 0.8,
and 1.1 × 106 at 30, 60-90, and 90-120 days after transplant.
Among other factors studied (CD34+ cells, CFC), the only parameter correlating with the number of human cells recovered
was the number of LTC-IC present in the sample used for the
transplantation, at any time point tested. RT-PCR performed on
bone marrow cells after sacrifice showed that only in 9 out of
27 animals it was possible to detect bcr/abl transcripts and that
the proportion of mice in which the transcript was detectable
was lower (33%) in the group of animals sacrificed between 90
and 120 days after injection than in the group of animals sacrificed between 60 and 90 days (67%). These data indicate that
i) engraftment of CD45+ cells derived from patients with CP CML
declines after the first 30 days after transplant and successively remains constant up to 120 days after transplant; ii) this
engraftment is directly related to the number of LTC-IC infused
and, iii) the proportion of mice in which leukemic cells are
detectable decreases with time. On the basis of these results the
NOD/SCID mouse model further suggests that in CP CML the
frequency of leukemic stem cells is very low.

C044
EFFECTS OF AS2O3 ALONE OR IN COMBINATION WITH IFN-α IN
EFFECTS OF ARSENIC TRIOXIDE ALONE OR IN COMBINATION WITH
INTERFERON-α IN CULTURES OF CD34+/PH+ CELLS, FROM PATIENTS
WITH CHRONIC MYELOID LEUKEMIA
Civallero M, Cosenza M, Sacchi S
Dipartimento di Oncologia ed Ematologia, Università di
Modena e Reggio Emilia
Introduction. Chronic myeloid leukemia (CML) is a clonal
myeloproliferative disorder characterized by the acquisition of
the Philadelphia chromosome in leukemic stem cell and their
progeny. The reciprocal translocation between chromosome 9
and 22 results in a BCR-ABL fusion gene that produces a protein (p210 bcr-abl) with deregulated tyrosine kinase activity.
The aim of our study was to evaluate the effects of As2O3, alone
or in combination with IFN-α in cultures of CD34+/Ph+ cells, isolated from patients with CML. In particular we will explore the
effects of As2O3, looking for synergistic or additive effects in
combination with other drugs.
Material and methods. CD34+ cells were isolated from peripheral blood using an immunomagnetic separation protocol (Minimax, Miltenyi Biotec). The purity of the cells was routinely above
90%. CD34+ cells before and after incubation with the different
drugs were evaluated by two-color FISH analysis, using bcr-abl
probes (Vysis) in interphase nuclei. CD34+ cells were incubated
with As2O3 and IFN-α; at different concentration, alone and in
combination, for 1 hour or added to the methylcellulose medium. CD34+ cells were plated in methylcellulose and colonies
were counted after 14-21 days of incubation. At day 21, we
picked up GM colonies to evaluate the Ph percentage with FISH
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We also evaluated the apoptosis using Tunel method.
Results. Effects of drugs after 1 hour of treatment. As2O3 105M induce the apoptosis of 80% of cells. As2O3 (10-6M-10-9 M)
do not modify the clonogenic potentiality of CD34+ cells. The
treatment of CD34+ cells with As2O3 (10-6M-10-9 M) induces a
decrease of Ph+ cells to 45%. The treatment of CD34+ cells with
IFN-α at different doses (500-10000U/ml) reduces the number
of cells of single GM colonies. The CD34+ cells after exposure to
IFN-α were found to include a higher proportion of BCR-ABL
negative cells (40%) than unexposed controls. The combination
of As2O3 and IFN-α at different concentration, induces a
decrease of CD34/Ph+ cells to 38-40%. Also the number of GM
colonies is reduced. Effects of drugs directly into methylcellulose.
As2O3 and IFN-α, alone and in combination, at different concentration, induce effects similar to those obtained after 1 hour
of treatment. With the combination of As2O3 and IFN-α; the
number of GM colonies decreases significantly in comparison
with unexposed control and after the same treatment for 1 hour.
Further, we observed that the number of Ph+ cells is reduced to
65% after treatment with IFN-α at a dose of 1000U/ml.
Discussion. Our results confirm that As2O3, produces a significantly reduction of Bcr-Abl positive cells and do not influence
the clonal potentiality of CD34+ hematopoietic precursors. In
our study the IFN-α causes a significant decrease (65%) of Ph+
cells and inhibited the generation of GM colonies.
Conclusion. Both the drugs are active in our experimental
model; they do not have a synergistic or additive effects. As several mechanisms of resistance to STI571 are increasingly demonstrated, we think that studies on drugs with activity against the
Ph+ clone, should to be continued.

C045
THE 835 MUTATION OF FLT3 SEEMS TO BE A COMMON EVENT IN CHRONIC
MYELOMONOCYTIC LEUKEMIA BUT NOT IN MYELODYSPLASTIC SYNDROMES
Serra A,* Cilloni D,* Gottardi E,* Marinone C,^ Ferrero D,#
Bertini M,§ Girotto M,° Levis A,^ Saglio G*
*Dipartimento di Scienze Cliniche e Biologiche, Osp. S. Luigi,
Università di Torino; Osp. S. Vito, Torino; #Div. Universitaria
Ematologia; §Div Osp. Di Ematologia; @Az Osp San Giovanni
Battista Torino; °ASL 9 Ivrea Servizio Trasfusionale,
^UOA Ematologia Alessandria
Flt-3 gene, a member of the tyrosine kinase receptor family
of class III, presents 5 immunoglobulin-like extracellular
domains, a juxtamembrane domain (JM), two kinase domains,
TK1 and TK2, separated by a kinase insert domain (KI) and a Cterminal domain. A somatic alteration of Flt-3 consisting in an
internal tandem duplication (ITD) of the JM domain is detectable
in 20-30% of AML patients and it has been associated with poor
prognosis. This mutation seems to produce increased receptor
signaling associated with growth factor independence and
tumorigenesis. More recently a new mutation has been described
in exon 17 at codon 835 in AML patients. The latter mutation
has also been identified in 3.4% of MDS patients. The aim of our
study was to detect the frequency and clinical significance of
flt3/ITD and D835 mutations in a series of MDS and CMML
patients. We investigated 60 patients enrolled in the Piedmont
Registry for MDS:14 secondary AML, 13 RAEB, 23 RA,1 RARS, 2
5q- syndromes and 7 CMML. The analysis of Flt3-ITD mutation
was performed by RT-PCR of Flt-3 exon 11 using total RNA. For
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the detection of D835 mutation, Flt3 exon 17 was amplified by
RT-PCR and digested by ECO RV. We found the ITD mutation in
only one case out of 53 MDS in a patient affected by secondary
AML. Concerning the D835 mutation we were unable to find
any alteration and only the wild band was identified after ECO
RV digestion in all MDS patients. By contrast, we identified 3 out
of 7 CMML patients presenting the D835 mutation: we detected an undigested band plus the WT products of 68 bp and 46 bp
after the ECO RV digestion. All the mutations were confirmed by
sequencing. Our results confirm the hypothesis that Flt-3
involvement does not play a key role in MDS pathogenesis as it
probably occurs in AMLs. By contrast, although these data need
to be confirmed in a large number of patients, the high percentage of Flt-3 mutations in CMML (42.8%) suggests a possible role of Flt-3 in the pathogenesis of this disease and furthermore an increased tyrosine kinase activity which could give the
opportunity of molecular therapy with a specific tyrosine kinase
inhibitor.

C046
EFFECT OF IN VIVO TREATMENT WITH THROMBOPOIETIN ON THE
PROGRESSION OF MYELOFIBROSIS IN MICE HARBORING THE
GATA-1-LOW MUTATION
Bianchi L, Vannucchi AM, Paoletti F,* Salati A, Pancrazzi A,
Alfani E,§ Sanchez M,§ Migliaccio G,§ Migliaccio AR§
Dept. Hematology and *Dept. Experimental Pathology &
Oncology, University of Florence, Florence; §Dept. of Cell Biology
and Clinical Biochemistry, Istituto Superiore di Sanità, Rome
Mice harboring the GATA-1low mutation progressively develop hallmarks of human myelofibrosis (anemia, tear drop poikilocytes and circulating progenitor cells in the blood, extensive
collagen fiber deposition in the marrow and extramedullary
hematopoiesis first in the spleen and later in the liver) (A.M.
Vannucchi, Blood 2002, in press). It has been suggested that, in
this model, the massive accumulation of megakaryocytes in
hematopoietic tissues of the animals, as a consequence of the
block of platelet formation induced by the mutation, might be
instrumental in myelofibrosis development. Because of such a
maturative block, GATA-1low mutants experience severe thrombocytopenia. In order to clarify the role of megakaryocytes in the
development of myelofibrosis in this mutants, and also whether
treatment with thrombopoietin (TPO) would ameliorate their
thrombocytopenia, old GATA-1low mutants and age-matched
littermates (12-14 months) were injected for 5 consecutives
days with either pharmacological (25 µg/kg/day) or supra-pharmacological (100 µg/kg/day) doses of TPO and blood values evaluated at sequential time points after the suspension of the treatment. Some of the mice receiving supra-pharmacological TPO
doses were sacrificed at 6, 10 and 15 days from treatment, and
the progenitor cell content and the degree of fibrosis development in their marrow, spleen and liver were evaluated. Normal
littermates, whether treated with pharmacological or suprapharmacological TPO doses, showed a prompt and sustained increase
of platelet counts in their blood (>3-fold at the peak point) that
was accompanied by a modest increase (2-fold) of WBC and a
significant decrease (-20%) of Htc and reticulocyte percentage.
In contrast, the GATA-1low mice, although becoming as anemic
after TPO treatment as the controls, did not show increased
platelet counts even at the highest TPO dose, in spite of the fact
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that these mice had higher contents of progenitor cells of all lineages and of morphologically recognizable megakaryocytes in
the spleen and liver. Such increases were already detectable at
day 6 (>3-fold in the spleen and >10-fold in the liver) and
returned to basal level by day 15. No significant changes were
observed in the progenitor and megakaryocyte cell content of the
marrow. Preliminary histologic studies suggest that TPO treatment may be associated with an increased deposition of collagen fibers in these organs, paralleling the increase in fibrogenic
growth factor mRNA levels as a consequence of megakaryocyte
accumulation. It has been already demonstrated the erythroid
compartment of the GATA-1low mice is capable of appropriate
response to perturbations of erythropoiesis (Vannucchi et al.
Blood 2001, 97:3040) and here it is shown that it has also a normal response to TPO-treatment. In contrast, the megakaryocyte
compartment, although capable of amplification in response to
TPO especially in those hematopoietic organs that have not been
already impaired by the myelofibrotic degeneration (i.e. the
spleen and, mostly, the liver), is not stimulated by TPO to terminally differentiate into platelets. In conclusion, these data indicate that TPO-stimulation is unable to overcome the block in
megakaryocyte maturation caused by the loss of GATA-1 expression in these cells, and begin to establish a pathogenetic link
between the TPO-induced increase in megakaryocyte number
and fiber deposition.
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C047
A NOVEL AF4/MLL HYBRID GENE LACKING THE AF4 TRANSACTIVATING
DOMAIN IN ACUTE LYMPHOBLASTIC LEUKEMIA
Izzo B, Muccioli Casadei G, Quintarelli C, Intrieri M,
Migliorati R,* Sebastio L, Pane F, Salvatore F
CEINGE - Biotecnologie Avanzate, Dip. di Biochimica e
Biotecnologie Mediche; *Dip. di Pediatria, Policlinico
Universitario dell'Università di Napoli Federico II,
Facoltà di Scienze MFN Università del Molise,
and Servizio di Citogenetica, AORN Cardarelli
Translocations of chromosome 11 at band q23 are the most frequent genetic abnormality detected in infant (children < 1 year
old) affected by B-cell acute lymphoblastic leukemia (B-ALL). Less
frequently, this type of translocation may be detected in adult BALL and in treatment-related acute leukemias. All breakpoints at
chromosome 11q23 span a restricted region where a gene, called
ALL-1 or MLL, which encodes a transcription factor, was cloned.
Unique features of the MLL gene are the elevated number of partner genes, more than 25, which can be fused in chromosomal
translocations, and the presence of similar functional domains in
most of these which predicts their role in transcription regulation.
The intimate molecular mechanisms by which MLL fusion proteins
transform hematopoietic precursors is not yet known, however,
immunophenotypic data support the belief that the partner gene
is a determinant of neoplastic transformation, since some of them
are strictly associated with myeloid phenotype, such as AF9 which
is primarly found as a partner of MLL in AMLs, and others, such
as AF4, are involved in MLL translocations of lymphoid leukemia
patients. In a six-month-old B-ALL case, cytogenetic analysis of
the 11q23 region performed at diagnosis as part of our standard
genetic characterization of childhood ALL, revealed the presence
of a complex translocation involving chromosomes 4q13, 11q23,
and 17q11. Southern blot examination of the MLL locus confirmed the presence of a translocation involving chromosome
11q23 at MLL locus. This result was, however, not confirmed by
the standard RT-PCR analysis of t(4;11) breakpoints, which failed
to amplify any of the known junctions of MLL/AF4 mRNA. Therefore, we used the panhandle PCR, a technique that allows amplification of DNA fragments in which the sequence at one end is
unknown, to identify the genomic sequences involved in the chromosomal translocation. This procedure yielded a DNA fragment of
7.0 kb which included the junctional sequences of the MLL and
of its partner in the translocation. Sequence analysis revealed the
presence, at the 3’ end of this amplified band, of part of AF4 exon
11 which was joined to MLL exon 10. Subsequently, by RT-PCR we
confirmed the presence of an in-frame hybrid mRNA encoded by
a novel type of MLL/AF4 gene with a junction between exon 10
of MLL and exon 11 of AF4. The predicted structure of the new
MLL/AF4 chimeric protein lacks, in addition to the transcription
activation MLL motif at position 2829-2883, the whole AF4
domain spanning residues 480-560, which is encoded by exon 10
of the AF4 gene, and the first nucleotides of exon 11. The resulting fusion protein is hence able to bind DNA through the MLL-
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derived AT hook domain, and through the AF4-derived nuclear
targeting sequence domains. Therefore, it could retain the ability to bind both AF4 and MLL target genes, but loses its capacity
to activate the expression of these genes. Consequently, loss-offunction is the most likely mechanism of leukemogenesis in our
ALL patient. Our data show the presence of a novel type of
MLL/AF4 fusion gene and seem to indicate that transcription block
at specific genomic site may be responsible for neoplastic transformation of lymphoid cells.
Funding: Work supported by grants from AIRC (Milan), CNR PF
Biotecnologie (Rome), MURST, AIL and Regione Campania.

C048
MOLECULAR CHARACTERIZATION OF A NEW RECOMBINATION OF THE
SIL/TAL-1 LOCUS IN A CHILD WITH T-CELL ACUTE LYMPHOBLASTIC
LEUKEMIA
Carlotti E,* Pettenella F,° Amaru R, Slater S,# Lister AT,#
Barbui T,* Basso G,@ Cazzaniga G,° Rambaldi A,* Biondi A°
*Divisione di Ematologia, Ospedali Riuniti Bergamo, Italy;
°Clinica Pediatrica, Università di Milano Bicocca, Ospedale S.
Gerardo, Monza, Italy; #ICRF Medical Oncology Unit,
St. Bartholomew's Hospital, London UK; @Clinica di
Oncoematologia Pediatrica, Dipartimento di Pediatria,
Università di Padova, Italy
Background: Deletions involving the SIL-TAL-1 locus, on
chromosomal region 1p32, are seen in about 15% of all cases of
T-cell acute lymphoblastic leukemia (T-ALL). To date seven types
have been described which are spread over 90-kb of chromosome 1, fusing the SIL promoter to most of the TAL-1 gene and
resulting in over-expression of TAL-1. Methods and Results: We
performed a screening for TAL-1 deletion in 176 T-ALL patients
(94 children and 82 adults) by PCR and Southern blot analysis
which allowed us to identify a case showing a germline configuration of TAL-1 and a novel rearrangement involving the SIL
gene. By 3’ RACE-PCR, a novel fusion transcript was identified
between the SIL exon 1a and a previously unknown sequence.
PCR screening for the presence of 633-cDNA in a cDNA human
mononuclear cell library, confirmed the existence of this transcript. The 633-cDNA showed 80% homology with Alu
sequences for over 2/3 of its length. By long distance PCR on the
patient’s DNA, we obtained a genomic fragment containing SIL
exon 1b and a portion of intron 1b, an unknown sequence and
finally the 633-cDNA sequence. Splicing acceptor sequences
were present at the junction between the unknown sequence
and 633-cDNA, consisting of an intron-exon junction. Using
DNA from healthy donors, a partial genomic map of 633-DNA
was determined corresponding to the restriction map of the
long-distance PCR fragment amplified from the patient’s DNA.
To define the chromosomal origin of 633-DNA, we screened a
YAC human genomic library and two clones were identified. Both
YACs mapped to chromosomal region 1p32 and we could show
that SIL and TAL-1 co-localize in the same two clones. By searching in Genebank, we identified PAC RP1-18D14 which contains
SILS, TAL-1 and 633-DNA. Sequence analysis of this clone confirmed that the novel rearrangement is a new deletion of the
SIL/TAL-1 locus, 16-kb upstream of TAL-1. Conclusions: The new
SIL rearrangement we identified represents a new variant among
the SIL/TAL-1 deletions which are thought to play a significant
role in the leukemogenic process of T-ALL.
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C049
PAX5 (BSAP): A NEW MARKER FOR B-ALL AND MYELOID LEUKEMIAS
BEARING THE t(8;21) TRANSLOCATION
Tiacci E, Liso A, Pacini R, Diverio D,* Lo Coco F,* Falini B
Institute of Hematology and Clinical Immunology, University
of Perugia, Perugia, Italy; *Institute of Hematology,
University “La Sapienza”, Rome, Italy
The transcription factor Pax5 (BSAP) plays a key role in the
commitment of bone marrow progenitors to the B-cell lineage.
In spite of its essential role in the control of early B-lymphopoiesis, a detailed immunocytochemical evaluation of Pax5
expression in acute leukemias of lymphoid (ALL) and non lymphoid (ANLL) origin has not been previously reported. In this
study, bone marrow trephine biopsies from normal individuals
and 200 cases of acute leukemias of different lineages were
investigated using a specific monoclonal antibody directed
against a fixative-resistant epitope of the Pax5 molecule. In normal bone marrow, only a small percentage of lymphoid elements
showed nuclear positivity for Pax5 and the number of these cells
paralleled that detected by anti-CD20 and anti-CD79a antibodies. As expected, leukemic cells of all 100 acute lymphoid
leukemias of B-cell lineage tested, showed strong nuclear Pax5
expression. Labeling for Pax5 characteristically highlighted the
nuclear irregularities of the leukemic cells, allowing recognition
of minimal residual disease post-chemotherapy or bone marrow transplantation. No expression of Pax5 was detected in 30
cases of T-ALL, including 15 cases of T-ALL with aberrant
expression of the CD79a molecule. Among myeloid leukemias,
only 4/70 cases showed weak to moderate nuclear positivity for
Pax5. All cases were classified as M2 according to FAB and bore
the t(8;21) translocation. Our results provide evidence that Pax5
is a more specific marker than CD79a for diagnosis of B-ALL and
that, among ANLL, expression of Pax5 allows recognition of the
t(8;21) in about 40% of cases bearing the translocation.

C050
A COMBINED MULTIPLEX AND SINGLE REVERSE TRANSCRIPTASE
POLYMERASE CHAIN REACTION STRATEGY FOR THE DETECTION OF
CHIMERIC GENES AT DIAGNOSIS AND DURING THE FOLLOW UP OF
PATIENTS WITH ACUTE LYMPHOBLASTIC LEUKEMIA
Elia L, Buffolino S, Floriddia G, Moretti B, Mancini M,
Nanni M, Cimino G
Dipartimento di Biotecnologie Cellulari ed Ematologia,
University "La Sapienza" of Rome, Italy
A combined multiplex-single RT-PCR system was used for the
diagnosis and monitoring of genetic lesions in 170 patients with
acute lymphoblastic leukemia (100 adults and 70 children). The
multiplex assay utilized allowed detection of the following fusion
transcripts: ALL1/AF4, ALL1/ENL, BCR/ABL p190(e2a2) and p210
(b2a2,b3a2) isoforms, E2A/PBX1, TEL/AML1,SIL/TAL1 and the
novel NUP98/RAP1GDS1transcript. Sixty-seven of the 170 ALL
series studied were multiplex PCR-positive. A complete correspondence was observed between multiplex RT-PCR and cytogenetic analysis, and the incidence of genetic lesions found in
our patients was similar to the frequency usually reported both
in children and in adults with ALL. Moreover, the sensitivity and
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specificity of the single RT-PCR reactions that we derived from
the multiplex assay proved suitable for minimal residual disease
monitoring, as shown in 47 of the 67 ALL patients evaluated for
MRD. The multiplex RT-PCR strategy allows a rapid, specific,
simultaneous, as well as less expensive, laborious and time-consuming detection of several fusion transcripts in ALL patients
compared to single PCR reactions. Thus, multiplex RT-PCR might
be recommended for diagnostic molecular screening of the large
number of patients enrolled in multicenter studies.

C051
COMMON POLYMORPHISMS IN THE METABOLIC FOLATE PATHWAY
DECREASE THE RISK OF ACUTE LYMPHOCYTIC LEUKEMIA IN ADULTS
Gemmati D,* Ongaro A,# Della Porta M,§ Serino ML,*
Tognazzo S,* Scapoli GL,* Rozen R,† Di Bona E,° Rodeghiero F,°
Moratelli S,* Caruso A,# De Mattei M#
Centre Study Hemostasis and Thrombosis,* Institute of
Hematology,§Department of Morphology and Embriology,
#University of Ferrara, Italy; Department of Hematology, San
Bortolo Hospital,° Vicenza, Italy; Department of Human
Genetics, Mc Gill University, Montreal, PQ, Canada†
Biological mechanisms and etiology of malignant lymphoma
and leukemia are not yet completely understood and ionizing
radiation, benzene and cancer chemotherapy account for only a
small percentage of the total cases. Several pieces of evidence
suggest that genetic alterations in various oncogenes or tumor
suppressor genes have a role in the pathogenesis of lymphoid
malignancies. Thus, they are likely the result of an adverse geneenvironment interaction being also related to polymorphisms in
multiple genes. Folate and methionine metabolism play essential roles in optimal DNA synthesis and methylation processes.
Several gene polymorphisms affecting the activity of the main
enzymes involved in the methionine pathway have been recently described and they might affect disease susceptibility. Four
common gene polymorphisms (i.e. methylenetetrahydrofolate
reductase: MTHFR C677T and A1298C; methionine synthase: MS
A2756G and methionine synthase reductase: MTRR A66G) have
been investigated in adult acute lymphoblastic leukemia (ALL,
n=120), in non-Hodgkin’s lymphoma (NHL, low grade/high grade
n=102/98) and in 150 sex- and age-matched control subjects.
A significant low frequency of the MTHFR C677T and MS
A2756G polymorphic alleles was obtained in the ALL group compared within controls, reducing the OR values by about half
(OR=0.53; p<0.005 and OR=0.56; p<0.025 respectively). Analysis in combination with MTHFR C677T and MS A2756G revealed
a further reduction in disease susceptibility (OR=0.27; p<0.005).
On the other hand, no significant differences were obtained
comparing ALL cases with controls for the MTHFR A1298C and
MTRR A66G polymorphisms. In NHL cases, we did not find any
significant difference in genotype frequency for all the polymorphisms investigated. Our results show that the MTHFR 677T
and MS 2756G alleles are associated with a significant decrease
in the risk of developing ALL but not NHL. A low activity of MTHFR necessarily leads to a reduced availability of 5-methyltetrahydrofolate and a low activity of MS causes its underutilization: in these conditions DNA methylation could be affected. On
the other hand, low MTHFR activity increases the availability of
5,10-methylenetetrahydrofolate for a better synthesis of DNA.
These data ascribe a protective role of the MTHFR 677T and MS
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2756G allele against the establishment of ALL and suggest that
different mechanisms in the metabolic folate pathway and in the
methylation processes are involved in the cellular neoplastic
transformation of ALL and NHL.

C052
EVALUATION OF MINIMAL RESIDUAL DISEASE IN ADULT ACUTE
LYMPHOBLASTIC LEUKEMIA: LABORATORY STRATEGY TO IDENTIFY
MOLECULAR PROBES FOR DIAGNOSIS, MONITORING AND RISK
ASSESSMENT WITHIN A NEW PROSPECTIVE CLINICAL TRIAL
Spinelli O, Bassan R, Tosi M, Turconi E, Borleri G, Barbui T,
Rambaldi A
Department of Hematology, Ospedali Riuniti di Bergamo
Recent clinical trials performed in pediatric ALL provided striking evidence on the crucial role played by molecular evaluation
of minimal residual desease to define risk groups, the clinical
outcome and possibly, therapeutic options. With the aim of
including MRD evaluation during the treatment of each patient,
a new collaborative phase II multicenter clinical trial for the
treatment of adult ALL (LAL 09/2000) was started at different
Italian hematologic institutions (Bergamo, Bolzano, Brescia,
Milano, Monza, Noale, Vicenza, Venezia) on March 2000. The
challenge of this study is to follow each patient during the treatment course by an adequate molecular PCR analysis. This will be
instrumental for an early identification of patients at high risk
of leukemia relapse. The definition of risk is based upon the molecular results obtaind on two consecutive samples collected during the treatment protocol: MRD positivity in one or both samples identifies high risk patients and MRD negativity in both
samples identifies low risk patients. Patients bearing BCR-ABL
gene rearrangement or MRD positive, are treated by allogeneic
transplantation whenever possible or if a donor is not available,
by repeated cycles of high dose chemotherapy supported by
autologous transplants with in vitro purged hematopoietic stem
cells. Patients proven MRD negative are treated by maintenance
chemotherapy. Since protocol activation, 84 patients have been
enrolled to the study, and all of them were molecularly analyzed
to identify one or if possible two probes for the molecular diagnosis and MRD evaluation. All patients were molecularly tested
for the most common chromosomal rearrangements according
to the European Concerted Action on MRD (JJM van Dongen et
al, Leukemia 13:1901-1928,1999) and PCR amplification was
performed for the most frequent TCRγ, TCRδ and IgH rearrangements with the appropriate positive and negative controls. The
monoclonal amplifications are sequenced and probes designed
on the junctional patient-specific region. The probes are then
tested for specificity and sensitivity. So far, 22 patients have
been found BCR-ABL positive, one patient showed a MLL-AF4
gene rearrangement, one an E2a-PBX1 rearrangement and one
presented the Tal-1 deletion. Fourty patients had a clonal
rearrangement of TCRγ, 30 of TCRδ and 40 of IgH; only for 5
patients did we failed to identify a suitable molecular probe. The
mean sensitivity level of the TCR or IgH probes was 10-4 (range
10-3-10-5) as determined by semiquantitative dot blot assay using
32P labeled oligonucleotides. At this moment 27 patients have
been evaluated for risk category and 16 of them assigned to the
high risk group. Moreover, all these patients had the possibility
to collect G-CSF mobilized, autologous peripheral blood stem
cells which underwent in vitro purging. These preliminary results
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indicate the feasibility of this MRD based study in adult ALL and
its wide applicability to a multicenter clinical trial.

C053
HIGH LEVELS OF CD38 ANTIGEN AND SOLUBLE P53 EXERT A SYNERGIC
POOR PROGNOSTIC IMPACT IN B-CHRONIC LYMPHOCYTIC LEUKEMIA
(B-CLL)

with regard to PFS (p=0.000004 and =0.003, respectively) and OS
(p=0.008 for sp53). In conclusion, it might be hypothesized that
p53 overexpression may selectively facilitate the clonal expansion
of CD38+ B-CLL precursor cells with unmutated IgVH genes.6
Therefore, sp53 and CD38 exert a synergic adverse prognostic
effect enucleating patients in high risk B-CLL subsets who are
ideal candidates for clinical trials of intensive therapy, such as
hematopoietic stem-cell transplantation.

Del Principe MI, Del Poeta G, Maurillo L, Venditti A,
Buccisano F, Tamburini A, Suppo G, Tendas A, Giannì L,
Mazzone C, Irno Consalvo M, Marini R, Cox MC, Masi M,
Amadori S
Department of Hematology, University “Tor Vergata”,
St.Eugenio Hospital, Rome, Italy
It is well known that p53 gene deletion predicts for nonresponse to therapy with purine analogs and for poor survival1 in
B-cell chronic lymphocytic leukemia (B-CLL). Besides, higher p53
protein levels are significantly correlated with mutations in the
gene and with disease progression and poor prognosis.2 Moreover, recent data indicate that CD38 positive B-CLL cases are
characterized by a mutated IgVH genes and a poor outcome.3,4
In order to define the biological features of soluble p53 (sp53) and
CD38 antigen in B-CLL and to evaluate their impact on the clinical outcome, we investigated 172 patients (pts), median age 65
years, 90 males and 82 females. Sp53 protein was determined on
plasma of peripheral blood samples by an immunoenzymatic
method (Euroclone), using Pab240 as monoclonal antibody reacting both with p53 wild and mutant forms.5 The threshold of positivity was set at >3.5 U/ml, taking into account plasma from normal donors as negative controls. Peripheral blood mononuclear
cells were analyzed for surface expression of CD38 antigen by
triple color immunofluorescence (CD19/CD5/CD38) on a FACSCalibur flow cytometer (Becton Dickinson). With regard to CD38
expression, the threshold of positivity was set at >30%. There
was a significant and direct correlation between sp53 values and
CD38 percentages (r=0.28; p=0.0001, Spearman test). With regard
to pts characteristics, 48 had low Rai stage, 119 intermediate
stage and 5 high stage. Within the intermediate/high Rai stages,
there were 43/47 sp53+ pts (p<0.00001) and 34/38 CD38+ pts
(p=0.0004). β2-microglobulin >2.2 mg/ml was significantly associated both with sp53 >3.5 U/ml (34/46; p=0.0005) and CD38
>30% (33/38; p<0.00001). Furthermore, the presence of three or
more intrathoracic/abdominal lymphadenopathies (>3 cm in
diameter) and/or splenomegaly was significantly correlated with
higher sp53 (40/47; p<0.00001) and CD38 positivity (33/38;
P<0.00001). A higher complete remission (CR) rate was found in
sp53 negative pts (71% vs 29%; p=0.008), treated with fludarabine. Moreover, significant shorter progression-free survival (PFS)
and overall survival (OS) were observed in sp53+ pts (5% vs 68%
at 9 years; p<0.00001 and 29% vs 95% at 10 years; p<0.00001)
and in CD38+ pts (10% vs 52% at 9 years; p<0.00001 and 28%
vs 81% at 10 years; p=0.00009). Furthermore, the simultaneous
positivity or negativity for sp53 and CD38 identified two subsets
of pts, the first at worse prognosis and the second at better prognosis with regard to PFS (0% vs 79% at 5 years; p<0.000001,
Figure 1) and OS (0% vs 95% at 10 years; p<0.000001, Figure 2).
The subsets [CD38+sp53-] and [CD38-sp53+] showed an intermediate outcome. In multivariate analysis, including also Rai modified stages, β2-microglobulin and soluble CD23, only sp53 and
CD38 were confirmed in being independent prognostic factors
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Figure 1. Cumulative proportion progressing B-CLL pts from low Rai
modified stage to intermediate/high stage. The figure shows that the
simultaneous positivity or negativity for sp53 and CD38 identified two
subsets of pts, the first at worse prognosis and the second at better
prognosis. The subsets [sp53-CD38+] and [sp53+CD38−] showed an
intermediate outcome.

Figure 2. Overall survival of B-CLL pts calculated from the diagnosis.
The figure illustrates that sp53− CD38− patients had an outcome better than sp53+CD38+ pts, while an intermediate outcome characterized
sp53−CD38+ or sp53+CD38− patients.
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C054
ACTIVATED AUTOLOGOUS T-LYMPHOCYTES EXERT AN ANTI-TUMORAL
EFFECT AGAINST CHRONIC LYMPHATIC LEUKEMIA CELLS
Terenzi A, di Ianni M, Di Florio S, Carloni D, Battelli F,
Falzetti F, Tabilio A
Hematology and Clinical Immunology Section, Department of
Clinical and Experimental Medicine, University of Perugia,
Perugia, Italy
Chronic lymphocytic leukemia (CLL) is the most common type
of leukemia in the Western world. Several phenotypic and functional abnormalities such as depressed response to mitogens
and antigens, a diminished mixed lymphocyte reaction and
reduced T-lymphocyte colony-forming capacity have been
described. Recent in vitro studies have shown that when activated with OKT3 and interleukin-2 (IL-2), T-lymphocytes lyse
autologous leukemia cells from some patients with CLL. Blood
samples from 32 patients with CLL were processed with two Erosetting steps (day 0) and the T-cell fraction was activated with
OKT3. After culture in complete medium with IL-2 for 10 days,
T-cells were tested for cytotoxicity against autologous B cells
with the 51Cr release assay. On day 0 the T-lymphocyte subsets
were as follow (median+range): CD3 83% (52.1-95.4); CD4
49.1% (13.2-65.7); CD8 26.5%(8.45-54.8); CD20 2.07%(0.0430.52); CD56 11.5% (2.25-22.5). After 10 days culture we
observed: CD3 86% (29.7-94.9); CD4 26.6% (7.1-64.2); CD8
51.6%(15.1-68.3); CD20 0.43%(0.01-4.4), CD56 11.5(7.1-24.2).
The 51Cr release assay showed a cytotoxic index > 30% in 5/32
cases (15.6%). To verify their in vivo effect three groups of
NOD/SCID mice were injected intraperitoneally with cells
obtained at different stages of the above procedure. Group 1:
100×106 CLL B-lymphocytes; Group 2: 100×106 CLL B lymphocytes and 20×106 non-activated autologous T-lymphocytes;
Group 3: 100×106 CLL B lymphocytes and 20×106 cytotoxic
(according to the 51chromium release assay) OKT3 activated
autologous T-lymphocytes. Engraftment was assessed on day +
30 by means of FACS analysis of peritoneal fluid samples. We
found rates of B-CLL engraftment varied with the experiments,
probably because of the different stage of disease in the individual patients. The table shows the results (median + range). As
expected, when mice were injected with non-cytotoxic/activated T cells we did not find any in vivo antitumor effect. Our results
show: a) in CLL patients T-lymphocytes can be obtained on a
large scale; b) these T lymphocytes can be cultured to yield a final
population containing virtually no CD20+ cells; c) T-lymphocytes exert an in vitro cytotoxic effect on leukemia cells; d) when
activated with OKT3/IL-2 T-lymphocytes prevent CLL in the
human/mouse chimera, showing that an antitumoral effect
occurs in vivo.
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C055
CHROMOSOME 6Q21 DELETION AS A POSSIBLE PRIMARY CHROMOSOME
DEFECT IN CHRONIC LYMPHOCYTIC LEUKEMIA: CORRELATION WITH
HEMATOLOGIC AND CLINICAL FEATURES
Cuneo A, Bigoni R, Cavazzini F, Ciccone M, Milani R,
Bardi A, Roberti MG, Tammiso E, Tieghi A, Agostini P,
Della Porta M, Rigolin GM, Castoldi G
Sezione di Ematologia DSBTA, Università di Ferrara
To better define the incidence and significance of 6q- in
chronic lymphocytic leukemia (CLL), conventional cytogenetic
studies and FISH analysis using a 6q21 probe were performed in
223 patients. Eight patients showed a 6q- chromosome, 2
patients had a 6q translocation; FISH showed 6q21 deletion in
these patients and detected a cryptic 6q21 deletion in 7 additional patients giving an overall incidence of 7.6% (17/223 cases) for this chromosome lesion. These 17 patients were further
characterized using probes for 11q22-23/ATM, 13q14,
17p13/p53 and chromosome-12-centromere. Nine patients
(3,9%) were identified carrying a 6q21 deletion as a possible
primary chromosome defect (6q- present in all abnormal
metaphases and absence of specific additional chromosome
lesions other than 13q-), whereas the remaining 8 cases had
6q- associated with +12 in three cases; with 11q- in two cases, with 17p-, 14q32 translocation and add 1p in one case each.
These 8 patients were excluded from further analysis. Five out
of nine cases with primary 6q- had CLL mixed cell type due to
the presence of >10% lymphoplasmacytic cells or large lymphocytes in the PB smear. An excess of paraimmunoblasts was
noted in two cases with lymph node biopsy available for review
and a diffuse pattern of bone marrow infiltration was seen in 3
cases. Four cases had typical CLL by FAB criteria; 8-10% lymphoplasmacytic cells were seen in 3 out of 4 remaining cases,
and a diffuse BM infiltration pattern was noted in one. The classical CD5/CD19+; CD23+; FMC7−, sIgweak+ and CD22 weak+ was
observed in 6 cases, whereas CD23 was negative 2 cases and
FMC7 was positive in one case. CD38 tested positive in 3/4 cases and mutational analysis of the variable region of the Ig gene
is ongoing. The patients’ median age was 66 years (range 32-73);
the mean WBC count at diagnosis was 41 ×109/L and the
patients presented in stage B in 5 cases and in stage A in 4 cases. The median interval between diagnosis and start of treatment
was 20 months (range 1-64 months) and median survival was
31 months (range 10-197) with three CLL-unrelated early
deaths; two patients are alive at 21 and 47 months. We arrived
at the following conclusion: a) the 6q- is the 5th more frequent
chromosome defect in CLL, where it may represent a possible primary chromosome lesion; b) the patients with 6q- usually show
atypical morphology due to the presence of an excess of lymphoplasmacytoid cells; c) the immunophenotypic score is high,
with CD38+ in the majority of cases ; c) the patients show a diffuse pattern of BM infiltration, possibly reflecting a relatively
high WBC count; d) the disease is usually diagnosed at an
advanced stage requiring early treatment.
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C056
THE MEMORY B-CELL MARKER CD27 IS ABSENT ON HAIRY CELL LEUKEMIA
TUMOR CELLS DISPLAYING SOMATICALLY MUTATED VH GENES AND
MULTIPLE ISOTYPES BUT ALWAYS EXPRESSED ON OTHER LEUKEMIC
B-CELL NEOPLASMS
Forconi F, Raspadori D, Lenoci M, Marotta G, Gozzetti A,
Fabbri A, Mazzotta S, Bocchia M, Lauria F
Cattedra e U.O. Ematologia, Ospedale "A. Sclavo",
Università di Siena, Via Tufi 1, 53100 Siena
CD27 is a member of the tumor necrosis growth factor receptor family and is a robust marker of memory B-cells. It functions
to signal cell differentiation into plasma cells and to induce cell
death by apoptosis when triggered by CD70. We have recently
proposed that hairy cell leukemia (HCL) derives from a cell which
has undergone somatic mutation of V genes, and is arrested at
a point of isotype switch where RNA processing precedes deletional recombination. To corroborate our molecular findings, we
have evaluated the expression of CD27 and CD38, another antigen expressed in germinal center (GC) B-cells, as well as surface
Ig in 14 cases of HCL. Expression of CD27, CD38 and Ig isotypes
was examined by three-color staining on the CD19+/CD11c+ HCL
population of cells in flow cytometry. Expression of CD27 was
also evaluated on the tumor cells in the blood of other B-cell
neoplasms including 24 B-CLL, 1 MZL and 1 immunocytoma.
Interestingly, CD27 was not found to be expressed by the tumor
hairy cells of all 14 cases, while it was always expressed on the
tumor cells of all the other B-cell neoplasms. CD38 expression
was also negative in all HCL cases. At least one pre-switch Ig isotype (IgM and/or IgD) and one post-switch isotype (IgG and/or
IgA) were found to be co-expressed in all HCL cases. In the GC,
isotype switch occurs after onset of somatic mutation and the
co-expression of pre- and post-switch isotypes may take place
at the time when deletional recombination has not been completed. Taken together with our earlier characterization that HCL
is derived from a somatically mutated B-cell, a defining feature
of memory B-cells, our observations reveal an aberrant modulation of CD27 in HCL. One possibility is that these tumor cells
may be abrogating the pro-apoptotic function of CD27. Alternatively HCL may derive from cells that have not reached the
stage of memory B-cell. Furthermore, CD27 can be used as a
diagnostic feature to distinguish HCL from other leukemic B-cell
neoplasms.
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Myeloid Leukemias II
C057
ALTERATIONS OF THE FLT3 GENE IN ACUTE PROMYELOCYTIC LEUKEMIA:
ASSOCIATION WITH DIAGNOSTIC CHARACTERISTICS AND ANALYSIS OF
CLINICAL OUTCOME IN PATIENTS TREATED WITH THE ITALIAN AIDA
PROTOCOL
Diverio D, Breccia M, Noguera NI, Divona MD, Costa V,
De Santis S, Avvisati G, Petti MC, Mandelli F, Lo Coco F
Dipartimento di Biotecnologie Cellulari ed Ematologia,
Università La Sapienza di Roma
Alterations in the FLT3 gene including internal tandem duplications (ITDs) and D835 mutations occur frequently in acute
myelogenous leukemia. We investigated the prevalence and clinico-biological correlations of FLT3 ITDs and D835 mutations in
90 patients with acute promyelocytic leukemia (APL) receiving
the AIDA protocol. Twenty patients in which both presentation
and relapse material was available were analyzed sequentially.
Thirty-three patients (37% ) harbored the ITD, and 7 (7.7 %) the
D835 mutation in blasts obtained at diagnosis. Presence of ITDs
was strongly associated with high WBC count (p= 0.0001), M3
variant (p= 0.0004), and the short (BCR3) PML/RARα isoform (p=
0.003). There was no difference in response to induction in the
two ITD+ve and ITD-ve groups, while a trend towards inferior
outcome was observed for ITD+ve cases when analyzing disease-free survival (DFS) and relapse-free survival (RFS). These
differences, however, did not reach statistical significance.
Sequential studies showed variable patterns in diagnostic and
relapse material, i.e. ITD (-ve/-ve, +ve/+ve, +ve/-ve, -ve/+ve) and
D835 (-ve/-ve, +ve/-ve, -ve/+ve). Our results indicate that FLT3
alterations are associated in APL with more aggressive clinical
features and suggest that these lesions may not play a major role
in leukemia progression.

C058
MULTIDRUG RESISTANCE IN ACUTE MYELOID LEUKEMIA: SIGNIFICANCE OF
MDR1, BCRP, WT1 GENES QUANTITATIVE EXPRESSION AND OF FLT3-ID
Galimberti S, Guerrini F, Azzara’ A, Testi R, Cervetti G,
Morabito F,* Vincelli I,^ Cuzzocrea A,^ Palumbo G,#
Di Raimondo F,# Consoli U,# Petrini M
Hematology Section, Oncology, Transplant and Advances in
Medicine Department, University of Pisa, Italy; *Transplant
Section, Hematology Department, AO Bianchi-MelacrinoMorelli, Reggio Calabria, Italy; ^Hematology Division,
Hematology Department, AO Bianchi-Melacrino-Morelli,
Reggio Calabria, Italy; #Hematology Section,
Biomedical Sciences Department , University of Catania, Italy
The multidrug resistance (MDR) phenomenon is frequently
responsible for the failure of therapy in patients with hematological malignancies, including myeloid acute leukemia (AML).
Results from qualitative molecular assays are often contradic-
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tory; so, we tested by quantitative real time PCR assays the
expression of MDR1 and BCRP genes, already described as
involved in the multidrug resistance phenomenon. The WT1
expression and the presence of the internal duplication of FLT3
gene (FLT3-ID) were also tested, according to the clinical prognostic role recently shown for these genes by several authors.
Fifty AML patients (23 males, 27 females, median age 58 years)
were evaluated in this retrospective study. With a median follow up of 74 months (range 7-131), 23% of patients are still
alive. Fifty percent of patients achieved CR; this clinical status
did not significantly correlate with age, sex and FAB subtype.
MDR1 gene was expressed in 65%, BCRP in 66% and WT1 in
70% of tested cases. FLT3 internal duplication was found in the
15% of tested patients. HL60/DNR and MCF7/DX cell lines were
chosen as positive controls and used to perform the standard
curve in order to have an absolute quantitative determination of
gene expression. WT1 expression was calculated by using a specific plasmid. Fifteen percent of PCR-positive patients expressed
high levels of BCRP, 17% highly expressed MDR1 and 20% WT1.
Achievement of CR failed to correlate significantly with PCR status, with levels of gene expression at diagnosis or with the FLT3ID presence. Analogously, overall survival seemed to be not influenced by sex, age, FAB subtype or expression of tested genes
even if median OS was 12 months for patients with low MDR1
levels versus 1 month for those showing high levels of this gene
expression. Twenty-one percent of patients were still in remission at 5 years with a median DFS of 3 months. DFS did not
depend on sex, FAB subtype or PCR status, whereas it was significantly longer in younger patients, with a median of 12
months for patients aged less than 60 years versus 0.1 months
for the older ones. Again, levels of MDR1, BCRP and WT1 expression did not significantly correlate with DFS. Survivals did not
correlate with FLT3-ID either. In conclusion, in this series of
patients, the expression of multidrug resistance-related genes,
MDR1 and BCRP, and WT1 showed no prognostic significance in
clinical outcome, even when applying a specific, sensitive and
quantitative molecular technique, such as the real time PCR.

suggest that multiplex-fluorescence in situ hybridization (MFISH) is able to identify new prognostically different cytogenetic subclasses even within this group of AML and MDS patients.
Considering M-FISH data we decided to apply FISH to AML/MDS
patients with a complex cytogenetic pattern. As the new recurrent cytogenetic rearrangements consisted in a partially cryptic
t(4;5)(q31;q31) and in two other novel reciprocal translocations
[t(5;11)(q33;p15) and t(3;6)(q26;q25)] not easily identifiable by
CC, a FISH analysis with probes specific for these chromosome
bands was carried out. Up to now, using this approach, complex
karyotypes from 28 consecutive AML/MDS patients have been
fully analyzed. As expected a monosomy or a deletion of the
long arm of chromosome 5 (5q-) was the most common defect
being detected in 89% of patients. Notably 28% of 5q- patients
also showed a 17p-, suggesting a possible cooperation between
gene(s) located within these chromosome bands. However, also
other deletions (16q-,13q- and 12p-) were detected along with
–5/5q-, suggesting a possible molecular heterogeneity probably
resulting in a different clinical outcome. Five patients (17%)
presented in addition to –5/5q- a MLL copy gain or amplification. They were all classified as AML-M2. A del(7q) was observed
in 53% of cases with an unbalanced translocation with number
17 as the most frequent defect. A rearrangement of band 11p15
was observed in 5 patients all classified as refractory anemia
with excess of blasts in transformation. Two patients, both MDS,
showed a t(4;5) undetected on CC. A t(3;6) was observed in two
other patients classified as M2. From a prognostic point of view
there was a trend towards a better overall survival for patients
having two rather than three/five defects. Patients having a MLL
copy gain in addition to –5/5q- had a median overall survival of
only 34 days. Those with band 11p15 rearrangement presented
with resistant disease. In conclusion our data show that, even in
AML/MDS with complex karyotypes, FISH demonstrates new
chromosome abnormalities that correlate with phenotype and
distinguish subclasses of patients with different clinical outcome.

C059

SPECTRAL KARYOTYPING IN ACUTE MYELOID LEUKEMIA PATIENTS WITH
NORMAL AND COMPLEX KARYOTYPE

C060
FLUORESCENT IN SITU HYBRIDIZATION IDENTIFIES NEW PROGNOSTICALLY
DIFFERENT ABNORMALITIES IN ACUTE MYELOID
LEUKEMIA/MYELODYSPLASTIC SYNDROMES WITH A COMPLEX
KARYOTYPE ON CONVENTIONAL CYTOGENETICS
Bernasconi P, Cavigliano PM, Boni M, Calatroni S, Giardini I,
Rocca B, Astori C, Zerba E, Caresana M, Crosetto L,
Lazzarino M, Bernasconi C
Department of Blood, Heart and Lung Medical Sciences of the
University of Pavia and Division of Hematology,
Policlinico San Matteo IRCCS, Pavia, Italy
A complex karyotype, defined by the presence of more than
two chromosome rearrangements and by more than three chromosome breakpoints, is observed in up to 10% and 30% of de
novo AML and MDS, respectively, and in up to 50% of therapyrelated AML and MDS. Complex karyotypes always cause an
unfavorable prognosis as they confer complete remission rates
comprised between 21% and 46% and a median overall survival of 1-5 months. Despite these data a comprehensive analysis of complex karyotypes has always been unsatisfactory due to
the drawbacks of conventional cytogenetics (CC). Recent data

Lombardo R, Derme V, Nanni M, Divona M,
Scappaticci D, Diverio D, Lo Coco F, Mancini M
Hematology Section, Department of Cellular Biotechnologies
and Hematology University "La Sapienza" of Rome
Chromosomal alterations are major determinants of treatment
response and outcome in acute myeloid leukemia (AML). The
GTG-banding technique is the most frequently method used for
the identification of cytogenetic aberrations but it is inadequate
to clarify complex and hidden chromosomal changes. Spectral
karyotyping (SKY) is a novel technique that combines chromosome banding analysis with the power of FISH for identifying
chromosomal rearrangements that are undetectable by banding
analysis. In the present study, we investigated by this method 7
patients (4 females and 3 males) with AML at presentation carrying complex chromosomal abnormalities not completely clarified by G-banding, as well as 4 cases of AML with a normal karyotype and RT-PCR negative for AML1-ETO, CBFβ-MYH11, PMLRARα, MLL, BCR-ABL, and DEK-CAN rearrangements. In the 7
cases with complex karyotype, SKY allowed reinterpretation of 8
aberrations, discovery of 2 hidden translocations, (in normal chro-
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mosomes) and showed the origin of unrevealed 7/9 markers. In
particular, this technique refined the interpretation of 2 balanced
and 2 unbalanced translocations already recognized by G-banding. Of the 4 chromosomes deemed entirely by G-banding (namely chromosomes 6, 7, 19, 22), all were shown to be involved in
structural aberrations. These were: der(6)t(6;22)(q13;?),
der(3)t(3;7)(?;?), der(19)t(3;19)(q12;?), der(10)t(10;22)(p13;q13)
and der(18)t(18;22)(q12;q?)t(19;22)(?;?). Finally, SKY revealed 2
cryptic translocations namely t(2;3)(p22;p25) and der(5)
t(5;10)(p15;p13). SKY confirmed the normal karyotype recognized by G-banding in 4 cases. However, owing to the small number of analyzed cases, the presence of hidden aberrations in cases with a normal karyotype could not be ruled out. In conclusion,
the present study confirmed that the SKY technique considerably
enhances the accuracy of karyotype interpretation. Moreover,
SKY appears as an useful tool for the identification of novel chromosome rearrangements that may lead to the identification of
genes involved in leukemogenesis.

C061
CO-REPRESSOR INTERACTION WITH NUCLEAR RECEPTORS AND LEUKEMIC
FUSION PROTEINS AS A MOLECULAR TARGET FOR CANCER THERAPY
Liberatore C, Maccherani C, Racanicchi S, Rizzo G, Billi M,
Cioccoloni M, Grignani F
Dipartimento di Medicina Clinica e Sperimentale, Sezioni di
Patologia Generale e Medicina Interna e Scienze Oncologiche,
Università di Perugia
Recruitment of co-repressors is necessary for the pathogenetic
action of the leukemia fusion proteins PML/RARα and
AML1/ETO. High concentrations of retinoic acid (RA) are required
to detach co-repressors from PML/RARα that, at low RA concentrations, acts as a constitutive repressor. It has been shown
that peptides representative of the co-repressor/NRs interaction
domains (IDs) are able to competitively displace co-repressors.
Therefore, these protein sequences could be used to alter
NRs/co-repressors interactions. To explore whether competitive
displacement of co-repressors from nuclear receptors can be
obtained in vivo, we constructed retroviral vectors expressing
polypeptides corresponding to the regions of N-CoR and SMRT
that mediate the interaction with NRs and leukemia fusion proteins (ID domains). These vectors were used to infect the promyelocytic cell line NB4 and its RA resistant derivative R4 and overexpress the ID domains. Co-immunoprecipitation experiments
performed in IDC expressing U937PR9 cells, that have inducible
PML/RARα expression, indicated that expression of the IDC
domain impairs PML/RARα-N-CoR interactions. Analysis of RAinduced or vitamin D-induced differentiation of the cells
expressing the proximal ID peptide (IDC) showed that vitamin Dinduced differentiation was restored in both NB4 and NB4-R4
cells. In addition RA induced differentiation was maintained in
NB4 cells and restored in NB4-R4 cells. RT-PCR and western
blotting analysis of PML/RARα mRNA and protein showed that
in the presence of IDC the fusion gene is expressed, but the
PML/RARa protein undergoes proteasome-mediated proteolysis. The PML/RARa protein expression was restored by proteasome inhibitors. Nuclear bodies were accordingly restored. These
finding suggest that co-repressor interactions protects the
PML/RARα protein from a proteolytic acticity. These finding provide a mechanism of action for arsenic compounds in APL. Over-
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all, this strategy appears to be effective in reversing the leukemia
phenotype. We are now studying the effects of the overexpression of the other interaction regions of N-CoR, SMRT and RARα
in APL cells and expression of co-repressor interaction domains
of AML1/ETO in cell lines expressing this fusion protein.

C062
METHYLATION PATTERN AND PROGNOSTIC RELEVANCE OF DAP-KINASE,
GSTP1 AND MGMT IN SECONDARY AND DE NOVO ADULT ACUTE MYELOID
LEUKEMIA
Voso MT,* Scardocci A,* D’alo’ F,* Putzulu R,* Guidi F,*
Fasano E,* Sica S,* Pagano L,* Lo Coco F,° Hohaus S,*
Leone G*
*Istituto di Ematologia, Univ. Cattolica S. Cuore;
°Dipartmento di Biotecnologie Cellulari ed Ematologia,
Universita’ La Sapienza, Roma
Promoter hypermethylation of cytosine residues is the main
epigenetic DNA modification mechanism to control gene expression in mammals. The methylation pattern is conserved in
healthy cells, while it changes dramatically during malignant
transformation. Many of the drugs used for cancer treatment
have the potential to induce DNA hypermethylation, changing
the ability of the cells to repair DNA damage and may play a role
in malignant transformation. We were interested in the methylation status of genes involved in cell growth and DNA repair, like
DAP-kinase and O6-methylguanine-DNA methyltransferase
(MGMT), and of the carcinogen detoxifier GSTP1 in acute
myeloid leukemia secondary to other malignancies (s-AML). We
studied by methylation-specific polymerase chain reaction, the
methylation pattern in the CpG islands of the promoter regions
of DAP-kinase, GSTP1 and MGMT in 28 patients with secondary
leukemia, compared to that of 100 patients with de novo AML.
Patients with s-AML (15 females, 13 males) presented with acute
leukemia at a median age of 63.5 years (range 31-76 yrs), after
a median of 52 months (range 4.2-230 mths) from the primary
tumor. Treatment of the primary tumor included chemotherapy
in 24 pts, associated with radiotherapy in 4 pts and was surgery
alone in 4 patients. Patients with de novo AML (43 females, 57
males) had a median age of 62 yrs (range 19-85 years). GSTP1
aberrant promoter hypermethylation was relatively frequent in
acute myeloid leukemias (21 of 99 patients analyzed), although
no differences could be detected when comparing de novo
(15/81) to secondary leukemias (6/18)(p=0.2). MGMT, as reported by other authors, was only rarely hypermethylated (6/133
pts). DAP-kinase (n=95) on the other hand, was hypemethylated in 22 patients, with a statistically signifcant higher number
of methylated alleles in secondary (10/24, 41.6%) versus de novo
leukemias (12/71, 17%) (p=0.02, OR:3.5, 95% CI:1.3-9.8). Concurrent GSTP1 and DAP-kinase hypermethylation was relativery
rare, with 3 hypermethylated of 72 samples analyzed for both
genes. Hypermethylation did not show any association with
patients’ characteristics, including gender, age, or white blood
cell counts. DAP-kinase and GSTP1 hypermethylation did not
have prognostic relevance with regards to the incidence of toxic deaths, response to induction therapy and overall survival. On
the other hand, in patients achieving complete remission (n=55),
a significantly worse relapse-free survival was shown for patients
with GSTP1 hypermethylation (p=0.05). GSTP1 inactivation
through promoter hypermethylation and the reduced detoxifi-
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cation of DNA-damaging agents may contribute to the accumulation of genetic changes in the leukemic cells, inducing resistance to chemotherapy and eventually relapse of the disease.

C063
ACQUIRED POINT MUTATIONS IN THE LIGAND BINDING DOMAIN OF
PML/RARα IN RELAPSED ACUTE PROMYELOCYTIC LEUKEMIA
Marasca R, Zucchini P,* Diverio D, Castelli I, Maffei R,
Torelli G,* Lo Coco F
Department of Oncology and Hematology, University of
Modena and Reggio Emilia, Modena; *Department of Cellular
Biotechnology and Hematology, University “La Sapienza”, Rome
The chromosomal translocation t(15;17), characteristic of
acute promyelocytic leukemia (APL), generates a chimeric
PML/RARα gene and a PML/RARα fusion protein that is crucial
in the pathogenesis of APL. The fusion protein retains both the
DNA-binding and the ligand binding domains of the RARα gene
maintaining the ability to bind all-trans retinoic acid (ATRA) and
activate transcription. APL blasts have the ability to differentiate into mature myeloid cells in the presence of pharmacological concentrations of all-trans retinoic acid (ATRA). Of interest,
structural alterations in the ligand binding domain (LBD) of the
RARα portion of the PML/RARα chimeric protein due to acquired
nucleotide missense mutations have been recently found in clinically ATRA-resistant patients. As a first attempt to assess the
incidence and the prognostic relevance of such mutations in the
clinical setting, we analysed the sequence of the PML/RARα LBD
of 15 relapsed APL cases treated according to the GIMEMA AIDA
protocol. Specific PML/RARα LBD PCR products, obtained from
bone marrow specimens collected both at initial diagnosis and
at the time of clinical or molecular relapse were subjected to
direct bi-directional sequencing analyses. In two patients, the
same single missense point mutation was found leading to an
Arg276Gln amino acid substitution in the PML/RARα protein.
This alteration represents a newly described mutation and was
apparently acquired in both patients at time of disease relapse.
A null mutation G1080A was also found in both relapse and
onset specimens of another APL case and recognized as a polymorphism. Clinical and molecular data of all patients are summarized in the Table 1. These results indicate that missense
mutations in the PML/RARα LBD domain, although not frequent,
are acquired events associated with the appearance of ATRAresistance of a sizable portion of clinical and molecular relapsed
APL. Moreover, codon 276 seems to be a frequent site of
acquired mutations in APL relapsed patients suggesting its crucial role in binding the ligand or in interactions with the nuclear
coregulators of transcription. Nevertheless, other as yet unidentified factors probably account for development of ATRA resistance in those APL patients whose blasts lack mutations in the
PML/RARα LBD.

51

C064
ROLE OF CD38 AND CD31 IN THE PATHOGENESIS OF THE RETINOIC ACID
SYNDROME
Deaglio S,*°# Mehta K,° Malavasi F*
*Laboratorio di Immunogenetica #Centro di Ricerche in
Medicina Sperimentale, Università di Torino;
°MD Anderson Cancer Center, Houston, TX, USA
All-trans retinoic acid (ATRA) is commonly employed as a
potent inducer of cell differentiation in the therapy of patients
with acute promyelocytic leukemia (APL), achieving complete
remissions in the majority of cases. The retinoic acid syndrome
(RAS) is a complication of ATRA therapy which occurs in 30% of
patients and is characterized by fever, acute respiratory distress
and thromboembolic complications. The exact causes of this
syndrome remain unknown, but its clinical similarity to capillary
leak syndrome and adult respiratory distress syndrome prompted speculation that drug-induced events such as secretion of
various cytokines, increased expression of surface adhesion molecules or acquired migratory capacity of leukemic cells might be
contributory. This work is focused on CD38 and CD157, two
structurally homologous cell surface molecules which perform
as activation channels and mediate interactions between leukocytes and the vessel wall. The interaction with endothelial cells
occurs through the direct binding of CD38 with CD31: this contact initiates the adhesion cascade and promotes the secretion
of selected cytokines. Moreover, the human CD38 gene was
found to possess a retinoic acid responsive element in the promoter region, which is responsible for the rapid up regulation of
CD38 on leukemic blasts exposed to ATRA, in a dose- and timedependent way. The working hypothesis is that the de novo and
ectopic expression of a family of molecules able to mediate
adhesion and activation of the differentiated leukemic blasts
may contribute to the onset of RAS. ATRA-differentiated myeloid
cells ligated with agonistic anti-CD38 mAbs produced and
secreted proinflammatory cytokines, such as IL-1, IL-6 and TNFα. Further, the same signals were reproduced by mimicking in
vitro the situation taking place in the lung vessels in vivo. To this
aim, the leukemic blasts were differentiated with ATRA and were
interacted with a layer of endothelial cells of pulmonary origin.
This interaction induced the production and secretion of the
same cytokines mentioned above. The specificity of the signal
was demonstrated by blocking cytokine production using antiCD31 mAbs and by replacing endothelial cells with murine
fibroblasts transfected with human CD31. In conclusion, RAS
may represent the clinical outcome of a multiparametric interplay between surface molecules expressed by differentiated
tumor cells, pulmonary endothelial cells, proinflammatory
cytokines and soluble forms of CD38, CD157 and CD31. Finally,
one could envisage a possible role of soluble recombinant CD38,
CD157 and CD31 as therapeutic tools in the management of
APL patients treated with ATRA.
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C066

MOLECULAR BASIS OF AML BLAST DIFFERENTIATION BY INHIBITION
OF DNA-METHYLTRANSFERASE ACTIVITIES

REAL-TIME QUANTITATION OF MINIMAL RESIDUAL DISEASE IN
INV(16)-POSITIVE ACUTE MYELOID LEUKEMIA MAY INDICATE RISK FOR
CLINICAL RELAPSE AND MAY IDENTIFY PATIENTS IN A CURABLE STATE

Fazi F,* Travaglini L,* Di Croce L,° Carotti D,§ Palitti F,§
Careddu A,* Pelicci PG,° Lo Coco F,# Nervi C*
Departments of *Histology and Medical Embryology; #Cellular
Biotechnology and Hematology, Biochemical Sciences
University “La Sapienza”, Rome, Italy; °European Institute of
Oncology, Milan, Italy
Recent findings indicate that the PML/RAR α chimeric protein
formed by the t(15;17) translocation of acute promyelocytic
leukemias (APL), aberrantly recruits multi-subunit nuclear complexes containing histone deacetylase (HDAC), methyltransferases (DNMT1-3a) and methyl-bindig-protein (MeCP2) activities to RA-target promoters. These events contribute to the
PML/RAR-mediated block of myeloid differentiation, whereas
histone acetylation or DNA de-methylation at specific sites of
the RA-target gene promoter RAR; relates to the effect of RA on
APL blast differentiation. Interestingly, in the APL cell line NB4
and in primary blasts from APL patients, RA at early times of
treatment (4-24h), decreases the DNMTs expression levels and
activities of about 50%. A decrease of DNMTs expression is not
induced by RA, in RA-resistant NB4 subclones but is measurable
in peripheral blood cells from APL patients receiving
RA+chemotherapy treatment. Since an HDAC-dependent transcriptional repression of RA-target genes was also found in nonAPL AMLs, we have explored by methylation-specific-PCR the
methylation status of RAR β gene in AML blasts. Two CpG clusters contained within the 5’ exon-1 region of RAR β gene were
found hyper-methylated in samples from 19 AML patients (9
AML-M2 and 10 AML-M4). Expression of the AML1/ETO, the
most frequent fusion protein in AML, as the PML/RARα induces
hyper-methylation and transcriptional repression of RARβ target gene. In addition, by morphological, functional and
immunophenotypical assays we found that treatment with 5azacytidine, an inhibitor of DNA methyltransferase activities is
able to restore RA effect on AML blasts differentiation, which is
potentiated by co-treatment with HDAC inhibitors (TSA and
VPA). Histone de-acetylation and DNA methylation of RA-target genes could be then considered as part of the same mechanism for the control of normal and leukemic myeloid differentiation. The link between RA-signaling pathway and chromatine
structure provides attractive targets for transcriptional/differentiation therapy in AMLs.
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Martinelli G, Buonamici S, Ottaviani E, Testoni N,
Montefusco V, Visani G, Bonifazi F, Amabile M, Terragna C,
Ruggeri D, Piccaluga P, Isidori A, Malagola M, Baccarani M,
Tura S
Institute of Hematology and Medical Oncology L. e A. Seragnoli,
University of Bologna, Italy
The inv(16) cytogenetic subtype of acute myeloid leukemia
(AML) has a relatively good prognosis. Many patients achieve
complete remission (CR). The prognostic uncertainty of negative
qualitative reverse transcription-polymerase chain reaction (RTPCR) assays suggests the need to identify prognostically significant critical thresholds by real-time RT-PCR. A reliable and sensitive (10-5) real-time RT-PCR assay was set up for the evaluation of relevant CBFβ-MYH11/ABL transcript ratios and was
applied to the 21 patients with inv(16) AML routinely referred
for cytogenetic and molecular monitoring in Seragnoli Institute
(Bologna, Italy) since 1990. Among the 18 patients who underwent ablative chemotherapy, all achieved CR with a 3-year disease-free survival probability of 63% (95% CI, 40%-87%) and
no recorded events after 26 months. Five patients had relapses;
2 died of disease and 3 entered second CR. Analysis of the 125
bone marrow (or peripheral blood) samples studied by real-time
RT-PCR showed that transcript ratios of samples taken during CR
at any time before a relapse were always greater than 0.12%,
whereas those of samples taken during first or second CR from
patients who did not subsequently have relapses were always
less than 0.25%. This suggests that transcript ratios greater than
0.25% may correspond to high risk for relapse, whereas ratios
below 0.12% might indicate the patient is in a curable state. If
confirmed, such thresholds could open the way to a new phase
in post-CR therapeutic decision making for patients with inv(16)
AML.
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C067
ABERRANT HYPERMUTATION OF MULTIPLE PROTO-ONCOGENES DURING
THE TRANSFORMATION OF FOLLICULAR LYMPHOMA TO DIFFUSE LARGE
CELL LYMPHOMA
Berra E,* Deambrogi C,* Capello D,* Viglio A,° Rossi D,*
Cerri M,* Franceschetti S,* Matolcsy A,# Pasqualucci L,@
Paulli M,° Dalla Favera R,@ Gaidano G*
*Hematology Unit, Department of Medical Sciences, Amedeo
Avogadro University of Eastern Piedmont, Novara;
°Institute of Pathology, University of Pavia, Pavia;
#Department of Pathology, University Medical School of Pecs,
Hungary; @Institute for Cancer Genetics, Columbia University,
New York, NY 10032
Follicular lymphoma is a B-cell non-Hodgkin’s lymphoma that
is believed to originate from germinal center B-cells. Although
follicular lymphoma behaves as a relatively indolent malignancy for several years, the lymphoma has a tendency to transform
into high-grade aggressive diffuse large cell lymphoma during
the later stage of the disease. Recent studies have documented
that clonal evolution and histological transformation of follicular lymphoma is frequently associated with the accumulation
of secondary genetic alterations. In particular, the transformation process of follicular lymphoma associates with mutations
of p53, acquisition of novel BCL-6 mutations, and inactivation
of the p16 and p15 tumor suppressor genes. Recently, it has
been shown that, in diffuse large cell lymphoma of the immunocompetent host, an aberrant hypermutation activity can elicit
tumor-associated lesions at multiple genetic loci, including the
proto-oncogenes PAX-5 (encoding a transcription factor regulating late stages of B-cell differentiation), RhoH/TTF (encoding
a member of the Ras superfamily of small GTPases), PIM-1 (a serine-threonine kinase controlling hematopoietic cell growth), and
c-MYC (a trancriptional activator and apoptosis modulator). In
this study, we aimed at defining the involvement of aberrant
proto-oncogene hypermutation during the tranformation of follicular lymphoma to diffuse large cell lymphoma. Toward this
aim, we investigated the sequential biopsy samples of 10
patients initially affected by follicular lymphoma and subsequently transformed to diffuse large cell lymphoma. All samples
(n=20) were subjected to mutational analysis of the PAX-5,
RhoH/TTF, PIM-1 and c-MYC proto-oncogenes by DNA direct
sequencing. For each gene, we analyzed a region spanning up to
1.5 Kb from the transcription start site, and previously shown to
harbor over 90% of the mutations in diffuse large cell lymphoma
of immunocompetent hosts. Overall, 5/10 pairs of follicular lymphoma/transformed diffuse large cell lymphoma showed aberrant proto-oncogene hypermutation associated with the transformed phase. In particular, clinico-pathologic transformation
was characterized by acquisition of novel proto-oncogene mutations in 3/10 patients in the case of PAX-5; in 3/10 patients in
the case of RhoH/TTF; in 1/10 patients in the case of PIM-1; and
in 1/10 patients in the case of -cMYC. In one patient, the transformed phase acquired mutations of both PAX-5 and Rho/TTF
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and in one additional case the transformed phase acquired
mutations of both PAX-5 and PIM-1. All mutations observed
were single base-pair substitutions, whereas deletions/insertions
of a short DNA stretch were not found. All mutations were
somatic in origin. The implications of these data are multifold.
First, aberrant somatic hypermutation of proto-oncogenes is a
new pathogenic mechanism potentially involved in the histological transformation of follicular lymphoma at a relatively high
frequency. Second, aberrant proto-oncogene hypermutation may
cause transcriptional deregulation of the proto-oncogene
involved, thus deranging the biological program of the lymphoma. Finally, aberrant hypermutation is reminiscent of the
mutational spectrum of IgVH and BCL-6 genes and may reflect
malfunctioning of the somatic hypermutation mechanism physiologically active in germinal center B-cells.

C068
POLYMERASE CHAIN REACTION DETECTION OF THE BCL-2
REARRANGEMENT IS COMMON IN NORMAL SUBJECTS AND CANCER
PATIENTS AT DIAGNOSIS, BUT RARE AFTER CHEMOTHERAPY
Ladetto M,° Volpato F,° Drandi D,°Monica A,° Voena C,*
Compagno M,° Novarino A,§ Pollio B,° Addeo A,§ Ricca I,°
Falco P,° Cavallo F,° Vallet S,° Mantoan B,° Avonto I,°
Corradini P,^ Tamponi G,° Bertetto O,§ Boccadoro M,°
Tarella C°
°Divisione Universitaria di Ematologia, Università di Torino,
Torino, Italy; *Laboratorio Ematologia Molecolare, Istituto
Scientifico H.S. Raffaele Milano, Italy; §Divisione di Oncologia
Medica, Azienda Ospedaliera San Giovanni Battista, Torino,
Italy;^Unità Trapianto Midollo Osseo, Istituto Nazionale per lo
Studio e la Cura dei Tumori, Università di Milano
The persistence of a PCR amplifiable Bcl-2 translocation is a
good predictor of relapse in follicular lymphoma patients treated with both conventional and intensified chemotherapy. However, its use is still strongly debated mostly because Bcl-2
rearrangements can be frequently detected also in the peripheral blood of healthy subjects. In order to clarify the potential
confounding role of these non-pathologic rearrangements we
have investigated its incidence in a large population including
507 non-lymphoma subjects. Nested PCR was employed for the
first screening followed by real time PCR for those scoring PCRpositive. All samples were tested three times on different days.
Our panel included 264 healthy subjects and 243 patients with
malignancies other than NHL (106 with multiple myeloma, 30
with chronic lymphocytic leukemia and 107 with solid cancers).
One-hundred and twelve patients with malignancies were
assessed at diagnosis, and 131 following chemotherapy (conventional in 94, intensified with autologous transplantation in
37). Overall, the incidence of Bcl-2 translocation was 9.2% with
a median number of Bcl-2 rearrangements/1.000.000 diploid
genomes assessed by real time PCR of 11.3 (range 0-2845.238).
The incidence of Bcl-2 rearrangements was similar between
healthy subjects and cancer patients at diagnosis (11.3% and
12.5% p=ns). In contrast the incidence of this translocation was
only 2.3% in patients treated with chemotherapy (p<0.005). Of
note this rearrangement was never detected among patients
treated with intensive chemotherapy and autologous transplantation (p<0.01). These results demonstrate that non-pathologic Bcl-2 rearrangements are rare following chemotherapy.
Thus it is unlikely that they might act as major confounding fac-
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tors when PCR analysis is employed for the evaluation of posttreatment molecular follow-up especially in the autologous
transplantation setting. Greater caution should be instead
employed when this analysis is preformed at diagnosis since the
presence of this rearrangement should not rule out diagnoses
other than follicular lymphoma.

C069
TWO CONSECUTIVE COURSES OF PERIPHERAL BLOOD STEM CELL
MOBILIZATION INDUCE MARKED TELOMERE LENGTH SHORTENING
Ricca I,* Compagno M,* Ladetto M,* Dell' Aquila M,*
Bondesan P,* Omedè P,* Rocci A,* D' Antico S,°
Caracciolo D,* Tarella C*
*Dip. Medicina e Oncologia Sperimentale, Divisione
Universitaria di Ematologia, Torino, and °Banca del Sangue,
Az. Osp. S. Giovanni Battista, Torino, Italy
Introduction: Telomeres are DNA repeated sequences at the
end of chromosomes that contribute to maintain stability and
integrity of the eukaryotic genome. Their shortening is considered
an indicator of cell aging and has been further demonstrated
that loss of telomeric sequences is associated with increased risk
of tumor transformation. In order to quantify the proliferative
stress induced by chemotherapy and progenitor cell mobilization, telomere length was evaluated in peripheral blood stem
cells (PBSC) of patients undergoing high-dose (hd) chemotherapy with autografting. Patients and methods: Sixteen lymphoma
patients treated at disease onset with hd-sequential (HDS)
chemotherapy were evaluated. All patients underwent HDS
according to the following schedule: i) 3 APO courses, as debulking; ii) sequential administration of hd-cyclophosphamide (CY),
hd-Ara-C and hd-etoposide; iii) final PBSC autografting. PBSC
were collected after both hd-CY and hd-Ara-C. Telomere length
was evaluated on whole leukapheresis products as well as on
CD34+ve cells sorted by Miltenyi cell separation columns. The
analysis was performed using Southern blot analysis and a chemiluminescent detection. Results: Stem cell mobilization was
extremely high following both CY and Ara-C, with median peak
values of circulating CD34+ cells/mL of 238 and 175, respectively (p=0.86). Despite comparable mobilization, telomere length
was markedly shortened after hd-Ara-C compared after hd-CY.
Indeed, mean telomere length on whole leukapheresis products
was 8200 bp and 7000 bp, respectively (p<0.0001). Similar results
were observed on selected CD34+ cells, thus excluding potential
biases related to different amounts of CD34+ cells among different leukaphereses. Based on an age-related telomere-shortening
curve, an estimated 20-year loss of biological cell life was calculated in post-Ara-C compared to post-CY PBSC. Conclusions:
Two hd-chemotherapy courses at short intervals induce a marked
PBSC telomere shortening. Loss of telomere is associated with
increased risk of tumor transformation. Thus, this analysis should
be considered whenever innovative modalities of hematopoietic
cell mobilization are tested.
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C070
STATUS OF THE IMMUNOGLOBULIN HEAVY CHAIN GENES IN B-CHRONIC
LYMPHOCYTIC LEUKEMIA
Maffei R, Marasca R, Morselli M, Castelli I, Zucchini P,
Luppi M, Barozzi P, Torelli G
Department of Oncology and Hematology, University of
Modena and Reggio Emilia, Modena
B-cell chronic lymphocytic leukemia (B-CLL) is a common
lymphoproliferative disease characterized by the accumulation
of clonal, small B-lymphocytes co-expressing B-cell-associated
antigens as well as the CD5 molecule and surface IgM and IgD
immunoglobulins. On the basis of these aspects, it has been
assumed that B-CLL arises from pre-germinal center, naïve, CD5positive B-cells subsets. Analysis of the immunoglobulin (Ig)
variable domain genes can provide important informations
regarding the ontogenetic stage of neoplastic B-cell populations, tracing the development stage at which neoplastic transformation has taken place and also assigning these cells to their
corresponding normal counterparts. In particular, the presence
of Ig heavy (IgH) and light (IgL) chain mutated V-region genes
is actually considered the hallmark of germinal center (GC) experienced cells. Previous studies revealed that a significant number of B-CLL cases show Ig somatic mutations suggesting that
B-CLL may arise from pre-GC naïve B-cells as well as from GC
exposed B-lymphocytes. Moreover, the presence or the absence
of somatic mutations seems to predict the natural history of BCLL. In particular the presence of un-mutated Ig genes seems to
be associated with a poorer prognosis and with an advantage
stage at the onset of the disease. The status of Ig genes was
defined analyzing the nucleotide sequence of expressed
rearranged IgH genes obtained by direct sequencing of RT-PCR
products of 84 well characterized B-CLL cases. VH segments
involved in Ig rearrangements belong to the VH1 family in 14
cases, to the VH3 family in 48 cases, to the VH4 family in 19 cases, to the VH5 family in 2 cases. and to the VH7 family in 1 case.
Forty-nine cases (58.3%) harbored Ig somatic mutations at a
significant level with a sequence homology compared to the
closest germline gene ranging from 86.1% to 97.0%. The most
frequent encountered gene among mutated cases was VH4-34
(n=10); on the contrary VH1.69 was mostly used in non-mutated cases (8 cases). The status of the immunoglobulin genes was
compared with clinical data (stage and overall survival).
Although the median follow-up of this group of patients is too
short to attribute a definitive prognostic value to the Ig status,
patients with unmutated VH genes showed a more aggressive
course with much chemotherapy requirements. Moreover, quantitative realtime PCR was also used in order to assess the expression levels of CD38 and Fas genes in the two identified subsets
of CLL. These data confirm previous observations suggesting that
B-CLL may be divided into two biologically distinct forms that
originate either from naïve or GC-experienced B-lymphocytes,
with probably distinct clinical courses.
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C071
N-GLYCOSYLATION SITES IN THE IMMUNOGLOBULIN VARIABLE REGION
ARE A FEATURE OF GERMINAL CENTER DERIVED AIDS-RELATED BURKITT’S
LYMPHOMA
Forconi F,* Capello D,° Berra E,° Cerri M,° Gloghini A,#
Larocca LM,@ Carbone A,# Gaidano G,° Lauria F*
*Chair and Division of Hematology, University of Siena, Siena,
Italy; °Hematology Unit, Division of Internal Medicine, Department of Medical Sciences, Amedeo Avogadro University of
Eastern Piedmont, Novara, Italy; #Division of Pathology,
IRCCS-Centro di Riferimento Oncologico, Aviano, Italy;
@Institute of Pathology, Catholic University of the Sacred
Heart, Rome, Italy
AIDS-related non-Hodgkin lymphomas (AIDS-NHL) are derived
from B-cells and include Burkitt’s lymphoma (AIDS-BL), diffuse
large cell lymphoma (AIDS-DLCL), primary central nervous system lymphoma (AIDS-PCNSL), primary effusion lymphoma
(AIDS-PEL), and plasmablastic lymphoma of the oral cavity
(AIDS-PBL). Most AIDS-NHL derive from germinal center (GC)related B-cells, as documented by the frequent occurrence of
mutations of the immunoglobulin variable (IgV) and BCL-6
genes, that are acquired by B-cells at the time of GC transit.
Whereas AIDS-BL and a fraction of AIDS-DLCL and AIDS-PCNSL
closely reflect the GC phenotype (BCL-6+/MUM1-/CD138-),
AIDS-PEL, AIDS-PBL and the remaining AIDS-DLCL and AIDSPCNSL originate from post-GC B-cells and express the BCL6/MUM-1+/CD138+ phenotype. Immunoglobulins carry N-glycosylated oligosaccharides located mainly in the heavy-chain constant regions that act as spacers to maintain effector functions.
Glycosylation of the variable (V) region is less common. A very
few germline VH genes contain a natural occurring N-glycosylation site and mutated V genes in the normal B-cell repertoire
contain glycosylation sites in only approximately 10% cases. The
motif for N-glycosylation is Asn-X-Ser/Thr, where X is any amino
acid except Pro, Asp or Glu. It has been recently shown that follicular lymphomas acquire N-glycosylation sites in the utilized
VH genes as a consequence of IgV somatic mutation, while postgerminal center B-cell tumors and normal memory B-cells maintain non-glycosylated V regions, suggesting that glycosylation of
IgV genes may play a crucial role for B-cell tumors derived from
the germinal center (Zhu D, Blood 2002, 99: 2562-8). Conceivably, N-glycosylation of V regions may modify interactions of Bcells with microenvironmental or foreign antigens. To investigate
the involvement of IgV N-glycosylation in AIDS-NHL, the functional VH genes of 9 AIDS-BL, 11 AIDS-DLCL, 9 AIDS-PCNSL, 6
AIDS-PEL and 4 AIDS-PBL were analyzed for the presence of
potential N-glycosylation sites. The tumor VH genes were identified by PCR from DNA using a mixture of 5' VH leader or FWR1
primers together with a 3' JH consensus primer. Amplified products were gel-purified and sequenced directly. The N-glycosylation sites were analyzed on the deduced amino acid VH
sequences of the lymphoma. V genes were found to be somatically mutated in all 34 cases of AIDS-NHL. AIDS-BL showed
mutated VH genes with a homology to the germline V gene ranging from 84 to 96% (median 88%), AIDS-DLCL from 75 to 95%
(87%), AIDS-PCNSL from 78 to 98% (93%), AIDS-PEL from 88
to 95 (93.5%) and AIDS-PBL from 84 to 94% (90.5%). Interestingly, N-glycosylation sites were detected in 7/9 AIDS-BL (78%).
On the contrary, AIDS-PEL and AIDS-PBL, which have a post-germinal center phenotype (BCL6-/MUM1+/CD138+), showed a very
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low frequency of glycosylation sites, occurring in 2/6 (33%) and
1/4 (25%) cases, respectively. AIDS-DLCL showed an intermediate frequency, with 6 out of 11 cases (55%) having N-glycosylation sites. A similar result was observed in AIDS-PCNSL (4 out
of 9 cases, 44%). N-glycosylation sites were located predominantly in the CDRs (14) while only 7 were located in the FWRs.
In particular, the glycosylation sites in AIDS-BL were located in
the CDRs of the tumor variable region in 6 of the 7 glycosylated cases. These findings indicate that N-glycosylation of IgV
regions is common in AIDS-BL and in subsets of AIDS-DLCL and
AIDS-PCNSL. The fact that glycosylation sites are mainly located in the CDRs of the lymphoma variable region and that they
occur predominantly in germinal center derived B-cell tumors
supports the notion that glycosylation sites are positively selected and that they may be critical for interaction with antigen.
Alternatively, these sugars may interact with other elements of
the germinal center microenvironment, such as lectins on stromal cells, which provide the signal for activation through the
tumor immunoglobulin. Conceivably, N-glycosylation of the
tumor V region may be an essential feature for the pathogenesis of germinal center derived AIDS-NHL.

C072
CIDOFOVIR INDUCES APOPTOSIS IN HERPESVIRUS ASSOCIATED PRIMARY
EFFUSION LYMPHOMA CELLS IN VITRO AND IN VIVO
Barozzi P, Luppi M, Trovato R, Ravazzini L, Rasini V, Riva G,
Spano C, Zucchini P, Castelli I, Potenza L, Morselli M,
D’apollo N, Ferrara L, Vallisa D,* Cavanna L,* Longo G,
Torelli G
Department of Oncology and Hematology. University of
Modena and Reggio Emilia, Modena; *Division of Internal
Medicine, Section of Hematology, Piacenza, Italy
Primary effusion lymphoma (PEL) is a non-Hodgkin’s lymphoma of B cell origin associated with human herpesvirus-8
(HHV-8) and sometimes also with Epstein-Barr virus infection.
HHV-8 associated PEL is resistant to common chemotherapeutic agents and in immunocompromised subjects survival is of
only a few months. Cidofovir is the most effective anti-viral to
inhibit HHV-8 replication in vitro. Intra-tumoral injection of cidofovir in nude mice induces rapid cell death in EBV-associated
nasopharyngeal carcinoma. We tested whether cidofovir induces
apoptosis in PEL cell lines in vitro and used intra-cavity cidofovir
to treat two PEL patients. We studied two HIV negative male
patients with classic PEL, 78ys and 70 ys old respectively, showing recurrent pleural and peritoneal effusions, initially treated
with drainage every 10-14 days for 4-12 weeks. In in vitro studies, cidofovir was added at increasing doses to either a HHV-8
positive and EBV positive (HBL-6) or to a HHV-8 positive and EBV
negative (BCBL-1) PEL cell line. Apoptosis was studied by observation of cell morphology, flow cytometry, and in situ cell death
(TdT mediated dUTP nick and labelling) TUNEL assay on cytospins.
Cidofovir induced inhibition of BCBL-1 and HBL-6 cells survival
and proliferation. In BCBL-1 a 42% of apoptotic cells were
detected, by flow cytometry analysis, after 6 days of treatment
with 100 mM cidofovir. Moreover, higher concentration of the
drug (500 mM) induced the apoptosis of 46% and 85% of cell
population after 3 and 6 days, respectively, while 1mM dose
induced more than 80% of apoptosis after only 3 days. In HBL6 cell line, treatment with 500mM and 1mM cidofovir induced,

haematologica vol. 87[suppl. I to n. 9]:september 2002

56

Oral Communications

in 6 days, the apoptosis of 69% and 83% of cell population,
respectively. Of note, the anti-viral dose 1mM did not induce
apoptosis of BCBL-1 and HBL-6 cells. Apoptosis was confirmed
with all the above mentioned methods. One patient was treated with intrapleural injection of cidofovir (two doses of
2.5mg/kg), while the other patient was treated with intraperitoneal injection of cidofovir (three doses of 5 mg/Kg) and then
with i.v. cidofovir (three doses of 5 mg/Kg). No recurrence of
pleural effusions after 8 months of follow-up in the former one
and no recurrence of peritoneal effusions and clearance of HHV8 viremia after two months of follow-up in the latter patient
were noted. Intrapleural injection of cidofovir should be considered for the treatment of herpesvirus associated PEL.

C073
HEPATITIS C VIRUS INFECTION AND NON-HODGKIN’S LYMPHOMAS:
A PROSPECTIVE, CASE-CONTROL STUDY BASED ON INCIDENT CASES
Musto P, Pulsoni A, Bianco E, Szklo A, Albano F, Cirincione S,
De Renzo A, Iannitto E, Maresca M, Martino B, Montanaro B,
Nieddu R, Pusterla S, Sampaolo G, Rapicetta M, Mandelli F,
Mele A
GIMEMA Cooperative Group and Istituto Superiore di Sanità,
Italy
Hepatitis C virus (HCV) has been found to be associated with
mixed cryoglobulinemia, usually considered a clonal lymphoproliferative disorder, and, more recently, with B-cell non-Hodgkin's lymphomas (B-NHL). However, the studies reporting an association between HCV and B-NHL are not unequivocal and have
several methodological limitations, such as the use of prevalent
cases and that of inappropriate control groups. In the present
paper we report the preliminary epidemiological findings of a
prospective, multicenter case-control study conducted in Italy
from January 1998 until February 2001. A series of 510 consecutive, newly diagnosed, not pre-treated B-NHL was evaluated.
The controls (n. 399) were enrolled during the same study period from departments of medicine and surgery specialties in the
same hospitals where cases were identified. Anti-HCV antibodies were detected by 3rd generation ELISA and RIBA tests. A commercial PCR test was used for detection of serum HCV-RNA,
while genotyping was performed by Inno-LIPA. Adjusted odds
ratios and their 95% confidence intervals were computed using
a multivariate logistic regression model. Eighty-five B-NHL
(15.7%) resulted to be HCV positive, as compared to 22 controls
(5.5%). Such a difference, adjusted for area of residence, age and
sex, was statistically significant (odds ratio 3.1, C.I. 95% 1.85.4). When genotype distribution was analyzed, 1b and 2a/2c
were present in 41.1% and 46.6% of B-NHL and in 50% and
43.7% of control group, respectively (p = n.s.). Both low and
high-grade B-NHL were found to possibly associated with HCV.
However, a preliminary analysis on selected patients showed that,
according to REAL clasification, HCV positivity resulted more elevated in immunocytomas and, although to a lesser extent, in
other well defined histological subgroups, such as follicular, large
cell, marginal zone and MALT-type NHL. Our study, conducted in
different geographical areas of Italy using incident cases, confirms an association between HCV infection and NHL. No role of
specific HCV genotype was found. A more detailed analysis of histological and clinical characteristics of HCV+ B-NHL is in progress
and its results will be presented.
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AIDS-RELATED LYMPHOMAS ASSOCIATE WITH FREQUENT ABERRANT
HYPERMUTATION OF MULTIPLE PROTO-ONCOGENES
Deambrogi C,* Capello D,* Berra E,* Pasqualucci L,°
Vivenza D,* Cerri M,* Rossi D,* Conconi A,* Larocca LM,#
Saglio G,@ Gloghini A,^ Carbone A,^ Dalla-Favera R,°
Gaidano G*
*Hematology Unit, Division of Internal Medicine, Department of
Medical Sciences, Amedeo Avogadro University of Eastern
Piedmont, Novara, Italy; °Institute for Cancer Genetics,
Columbia University, New York, NY, USA; #Institute of
Pathology, Catholic University of the Sacred Heart, Rome, Italy;
@Division of Internal Medicine and Hematology, Department of
Clinical and Biological Sciences, University of Torino,
Orbassano, Italy; ^Division of Pathology,
Centro di Riferimento Oncologico, Aviano, Italy
AIDS-related non-Hodgkin lymphomas (AIDS-NHL) derive
from germinal center (GC) B cells that have been exposed to
immunoglobulin (Ig) somatic hypermutation and include Burkitt’s lymphoma (AIDS-BL), diffuse large cell lymphoma (AIDSDLCL), primary effusion lymphoma (AIDS-PEL) and primary central nervous system lymphoma (AIDS-PCNSL). It has been recently shown that, because of malfunctioning of Ig somatic hypermutation, DLCL of immunocompetent hosts display an aberrant
hypermutation of several proto-oncogenes, including PIM-1, a
serine-threonine kinase controlling hematopoietic cell growth;
PAX-5, a transcription factor regulating B-cell differentiation;
RhoH/TTF, encoding a member of the Ras superfamily; and cMYC, a transcriptional activator and modulator of cell growth
and death. These findings prompted us to explore proto-oncogene aberrant hypermutation, along with mutations of Ig variable (IgV) and BCL-6 genes, in AIDS-NHL. The panel (n=39)
included 18 AIDS-DLCL, 11 AIDS-BL, 6 AIDS-PEL and 4 AIDSPCNSL. DNA direct sequencing was performed on a region spanning up to 1.5 Kb from the proto-oncogene transcription start
site. Mutations of c-MYC in AIDS-NHL harboring c-MYC gross
rearrangements were not scored in the analysis, since these
mutations may be caused by translocation rather than aberrant
hypermutation. The presence of intraclonal heterogeneity,
indicative of ongoing hypermutation, was assessed in selected
AIDS-NHL; for each proto-oncogene and IgVH amplimer, 25 to
65 clones were sequenced and analyzed. Overall, aberrant hypermutation of at least one proto-oncogene was detected in 19/39
(48.7%) AIDS-NHL, including 10/18 (55.5%) AIDS-DLCL, 4/11
(36.3%) AIDS-BL, 4/6 (66.6%) AIDS-PEL and 1/4 (25.0%) AIDSPCNSL. Mutations in more than one gene were found in 9/39
(23.1%) AIDS-NHL. Each of the four proto-oncogenes was
altered in a significant fraction of AIDS-NHL (PIM-1 in 5/39 cases; PAX-5 in 8/39 cases; RhoH/TTF in 9/39 cases; c-MYC in 7/27
cases). Analysis of the corresponding germline DNA formally
demonstrated the somatic nature of the mutations. This mutator phenotype was observed in both EBV positive (10/23; 43.5%)
and negative (9/16; 56.2%) cases. The overwhelming majority of
mutations included single base-pair substitutions (n = 60),
whereas deletions/insertions of a short DNA stretch were
observed in 5 instances. Among the 60 single base-pair substitutions, the transition/transversion ratio was 1.27 (expected 0.5;
p < 0.0001; χ2 test). When considering all nucleotide substitutions observed in PIM-1, PAX-5, RhoH/TTF and c-MYC, the
nucleotide exchange pattern showed a G+C/A+T ratio of 1.81,
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similar to that reported in human out-of-frame IgV rearrangements. In PIM-1 and c-MYC, a number of the mutations led to
amino acid substitution, with potential functional consequences.
In particular, five PIM-1 missense mutations in 3 AIDS-NHL localized within the serine-threonine kinase domain and predicted a
change in the structure and function of the PIM-1 protein. In cMYC, 18 missense mutations in four cases were found within the
transactivation domain that represents a mutational hotspot in
translocated c-MYC alleles. Subcloning experiments provided
evidence that the aberrant hypermutation process may be ongoing at least in a fraction of AIDS-NHL. The average mutation frequency of PIM-1, PAX-5, RhoH/TTF, c-MYC was 50-100 fold lower that that of IgVH genes and 2-4 fold lower than that of BCL6. Notably, comparison of the mutation frequencies within each
case revealed no threshold effect exerted by IgVH mutation upon
the occurrence of PIM-1, PAX-5, RhoH/TTF and c-MYC mutations, supporting the hypothesis that aberrant hypermutation
may be due to a qualitative rather than to a quantitative defect
of the somatic hypermutation mechanism. Comparison of AIDSNHL histogenetic profiles with occurrence of mutations of PIM1, PAX-5, RhoH/TTF and c-MYC showed the presence of aberrant
hypermutation in 7/15 (46.6%) post-GC (BCL-6-/CD138+) and in
3/8 (37.5%) GC-like (BCL-6+/CD138-) cases. The implication of
these data are multifold. First, aberrant somatic hypermutation
of proto-oncogenes is a frequent event in AIDS-related lymphomagenesis, and may cause both transcriptional deregulation
and altered function of the genes involved. Second, aberrant
hypermutation is reminiscent of the mutational spectrum of IgVH
and BCL-6 genes and may reflect malfunctioning of the somatic hypermutation mechanism physiologically active in GC B-cells.
Third, some AIDS-NHL displaying ongoing IgVH mutations may
continue to be exposed to aberrant hypermutation and continue to accumulate novel, ongoing mutations. Finally, aberrant
hypermutation of AIDS-NHL is permissive for tumor clone differentiation and may exert its putative pathogenetic role at different steps of B-cell maturation.

C075
AUTOLOGOUS AND MHC CLASS I-NEGATIVE ALLOGENEIC TUMOR CELLS
SECRETING INTERLEUKIN-12 TOGETHER CURE DISSEMINATED
A20 LYMPHOMA
Curti A,* Parenza M,§ Colombo MP§
*Istituto di Ematologia e Oncologia Medica "L. & A. Seragnoli",
University of Bologna, Bologna, Italy; §Istituto Nazionale per lo
studio e la cura dei tumori, Milan, Italy
Cytokine gene-modified tumor cells have increased immunogenicity and retain the antigenic repertoire of a particular neoplasia. However, practical concerns have led to an increased interest in allogeneic gene-transduced bystander cells as a broader
source of cytokines for autologous tumor cell-based vaccines.
Here, we show that allogeneic B78H1 MHC class I- negative and
positive (H-2Kb and Db transfected) cells induced CTL and protection in BALB/c mice at comparable levels in response to a challenge with C26 (H2d) colon carcinoma cells sharing the tumorassociated antigen env-gp70 with both cell lines. Class I-negative B78H1 cells transduced to express IL-12 and mixed with
autologous A20 tumor cells led to eradication of preestablished
A20 lymphoma in 50% or 100% of treated mice after 3 or 4 vaccinations, respectively, whereas A20 cells alone or mixed with
non-transduced B78H1 cured none or 50% of mice after 3 or 4
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vaccinations, respectively. Immunization with the IL-12-producing bystander cell line increased tumor-specific proliferation and
type 1 cytokine production by CD4+ T cells. By contrast, CD4 Tcell function appeared impaired after immunization with A20
cells alone or mixed with B78H1 cells. Indeed, only CD4+ T cells
from IL-12-treated mice could be restimulated with anti-OX40
mAb in place of a fourth cellular boost. Moreover, the IL-12-based
tumor vaccine induced expansion of tumor-specific IFN-gammaproducing CD8+ T cells. These results are clinically relevant for the
development of feasible IL-12 cancer vaccines based on engineered class I-negative bystander cells.

C076
INSIGHT INTO THE POTENTIAL FOR DNA IDIOTYPIC FUSION VACCINES
DESIGNED FOR LYMPHOMA PATIENTS BY ANALYZING XENOGENEIC
ANTI-IDIOTYPIC ANTIBODY RESPONSES
Forconi F, King CA,* Bocchia M, Gozzetti A, Fabbri A,
Raspadori D, Stevenson FK,* Lauria F
Cattedra e U.O. di Ematologia, Ospedale “A. Sclavo”, Università
di Siena, Italy; *Molecular Immunology Group, Tenovus
Laboratory, Cancer Sciences Division,
Southampton University Hospitals Trust, Southampton, UK
DNA vaccines induce immune responses against encoded proteins, and have clear potential for cancer vaccines. For B-cell
tumors, idiotypic (Id) Ig encoded by the variable region genes
provides a target antigen. When assembled as single chain Fv
(scFv), and fused to an immunoenhancing sequence from tetanus
toxin (TT), DNA fusion vaccines induce anti-Id antibodies. In
lymphoma models, these antibodies have a critical role in mediating protection. For application to patients with lymphoma,
two questions arise: first, whether pre-existing antibody against
TT affects induction of anti-scFv antibodies; second, whether
individual human scFv fusion sequences are able to fold consistently to generate antibodies able to recognize private conformational Id determinants expressed by tumor cells. Using xenogeneic vaccination with scFv sequences from patients, we measured the anti-Id antibodies induced against the Id protein specific for each patient by ELISA. Then we measured the percentage of those anti-Id antibodies able to react with the private
determinants of the tumor idiotype by blocking the mouse
immune serum with human AB serum containing the human Ig
repertoire. Reactivity was also measured in mice previously
immunized with tetanus vaccine. Interstingly, in four patients
tested, we have found that pre-existing anti-TT immunity
slowed, but did not prevent, anti-Id antibody responses. To determine whether the Id protein encoded by the DNAscFv-FrC vaccines folds to express private Id determinants, we have monitored the ability of nine DNAscFv-FrC patients’ vaccines to
induce xenogeneic anti-Id antibodies. Antibodies were induced
in all cases, and were strikingly specific for each patient’s Ig
with little cross-reactivity between patients, even when similar
VH or VL genes were involved. Blocking experiments with human
serum confirmed reactivity against private determinants in 2697% of total antibody. Both IgG1 and IgG2a subclasses were
present at 1.3:1 to 15:1 consistent with a TH2-dominated
response. Xenogeneic vaccination provides a simple route for
testing individual patients’ DNAscFv-FrC fusion vaccines, and
offers a strategy for production of anti-Id antibodies. The findings underpin the approach of DNA idiotypic fusion vaccination
for patients with B-cell lymphoma.
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Molecular Basis of Coagulation Disorders
POO1
ANTIPHOSPHOLIPID ANTIBODIES IN IDIOPATHIC AUTOIMMUNE HEMOLYTIC
ANEMIA: A PROSPECTIVE STUDY ON THROMBOTIC RISK
Bongarzoni V,* Scaramucci L,* Niscola P,* Amendolea MA,°
Avvisati G,# Annino L@
*U.O. Ematologia, ASL Viterbo; °Malattie Infettive eTropicali,
Università La Sapienza”, Roma; Università “Campus Biomedico”, Roma, @U.O. Ematologia, “Osp. S.Giovanni Addolorata”,
Roma
The antiphospholipid autoantibodies (APL) are a heterogeneous group of allo and autoimmunoglobulins that, in laboratory in vitro assays, recognize complexes of protein-phospholipid.1-3 Among the APL lupus anticoagulants (LAC) are detected
using coagulation assays in which they prolong clotting times
such as the kaolin clotting time (KCT) and the diluted Russel’s
venom time (DRVVT), whereas anticardiolipin and anti-β2glycoprotein I (anti-β2GP1) antibodies4 are determined by immunoassays. APL are detected in several conditions (autoimmune diseases, malignancies, infections) and are responsible of a thrombophilic state.5-8 The purpose of this prospective study was to
evaluate: 1) the incidence of APL in a population of patients
with autoimmune hemolytic anemia (IAHA) as compared to in
an age and gender matched population of healthy normal subjects according to a 1:2 ratio (patients/controls); 2) whether or
not the presence of APL in IAHA correlates with an increased risk
of thrombotic events, considering that the pathogenic role of
APL in determining a thrombotic risk in IAHA is unclear.9-10
Between January 1996 and January 2000, 21 patients (9 males
and 12 females, median age 59 years, range 25-79) with newly
diagnosed IAHA entered this study. Among these, 9 patients
were affected by IgG IAHA, 10 by IgM IAHA, 1 by mixed IgG/IgM
IAHA and 1 by Donath-Landsteiner hemolysis. The control group
consisted of 42 healthy subjects (18 males and 24 females, median age 54, range 26-80). As for treatment, 10 patients were not
treated; while 11 patients received prednisone and in 4 of these
II it was necessary to add azathioprine. The induction therapy has
been carried out until the achievement of hemoglobin (Hb) levels of 12 gr/dl and the normalisation of hemolytic indexes. APL
were evaluated at diagnosis, and if positives, repeated after 2
months, and then every six months. Patients and controls were
followed-up until July 2001. The median follow-up was 42
months (18-66). A set of clinical and laboratory tests was studied to exclude the presence of autoimmune diseases. APL were
detected in 10/21 (47.6%) IAHA patients at diagnosis and in
2/42 (4.76 %) of the healthy normal controls. APL presence, in
the IAHA group, did not correlate with age, gender, Hb levels or
titer of anti-erythrocyte antibodies or response to treatment.
During the follow-up period, 4 IAHA patients (3 IgG+ and 1 IgM+)
showed persistence of APL. In particular, in all the 4 patients
there was a persistence of DRVVT prolongation and of ACA-IgG
elevation; moreover, in 2 there was also a prolonged KCT, and in
1 persistence of anti-β2GP I. None of these 4 patients experienced a thromboembolic event after 18, 24, 48 and 66 months
of follow up. In conclusion, despite the incidence of APL in our
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cohort of IAHA patients being significantly higher than in normal controls, we did not observe an increased risk of thromboembolism as has been reported in autoimmune hemolytic anemia (AHA) and APL secondary to SLE. Therefore it is possible that
in AHA secondary to SLE, differently from the IA, the involvement
of endothelium and cytokines may exert a significant role favoring the appearance of thromboembolic events.

POO2
GENE DEFECTS ASSOCIATED WITH CEREBROVASCULAR ISCHEMIC
DISORDERS AT YOUNG AGE
de Lucia D,* Maisto G,* Marotta R,* Mosavat M,* Sica G,*
Del Giudice V,* Gregnuoli A,* Pignalosa O,* Carannante S,*
De Francesco F,* Fratta M,* Quarantiello M,° Papa Ml,#
Terracciano AM@
*Institute of General Pathology and II Division of Neurology, II
University of Naples; °Stroke Unit, General Hospital, Caserta; Italy;
#San Giovanni Bosco Hospital; Naples; @Casa di Cura ‘Santa Maria
del Pozzo’; Somma Vesuviana; Naples, Italy
Background: It has been implied that inappropiate hemostasis contributes to ischemic damage in a number of tissues. The
common disease syndromes with inappropiate coagulation
(stroke, myocardial infarction, pulmonary embolism) are thus
often the result of an imbalance in the usual prothromboticantithrombotic equilibrium. Inherited predisposition to thrombosis may underlie cerebral ischemia, especially in young
patients who lack conventional risk factors. Primary hematologic abnormalities are a rare but established cause of ischemic
stroke.
Objectives: To evaluate the role of gene polymorphisms in the
genesis of cerebral infarcts in young patients, we investigated
coagulation gene mutations in a group of patients with idiopathic cerebral infarction and compared the results with those
of healthy controls subjects matched for sex and age without
cerebral ischemic episodes. Thus, we carried-out a case control
study of survivors of ischemic stroke at young age.
Design/Methods: We genotyped 200 consecutive unrelated
patients under 45 years of age with a documented cerebral
infarct of undetermined cause. All subjects were from Southern
Italy and all the cerebral ischemic episodes had occurred fifteen
to twenty months previously. All patients underwent a complete
neurological examination, including C.T. scans, N.M.R., twodimensional echocardiography to exclude a cardioembolic
source, as well as cerebral angiography. Seventy patients were
also studied by trans-esophageal echocardiography. We studied
mutations in factor V gene (FV R506Q), in factor II gene (FII
G20210A), in methylenthetrahydrofolate reductase gene (MTHFR C677T), and polymorphisms in plasminogen activator inhibitor
type 1 (PAI-1 5G/4G), in angiotensin converting enzyme (ACE
Insertion/Deletion) and in platelet glycoprotein IIIA (A1/A2).
Results: The frequency of the A allele at the 1,691 nucleotide
in the factor V gene was 7%; genotype frequencies were 86%
(GG), 13% (GA) and 1% (AA). The frequency of the A allele at the
20,210 nucleotide in the prothrombin gene was 6%; genotype
frequencies were 90% (GG), 8% (GA) and 2% (AA). The frequency
of the T allele at the 677 nucleotide in the methylenthetrahydrofolate reductase gene was 50%; genotype frequencies were
28% (CC), 44% (CT) and 28% (TT). The frequency of the 4G
allele of the PAI-1 gene was 47%; genotype frequencies were
24% (5G/5G), 58% (4G/5G) and 18% (4G/4G). The frequency of
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the D allele of the ACE gene was 65%; genotype frequencies
were 13% (I/I), 44% (I/D) and 43% (D/D). The frequency of the
A2A2 allele was 16%; genotype frequencies were 69% (A1A1),
29% (A1A2) and 2% (A2A2). In control subjects the frequency
of FV mutation was 2%, of FII mutation 3%, of T allele in MTHFR 40%, of 4G allele PAI-1 38%, of I allele in ACE gene 55% and
of the A2 allele in GP IIIA 15%.
Conclusions: Our findings show that polymorphisms predisposing to thrombophilia and to platelet thrombogenicity are
very frequent in young individuals suffering from ischemic
stroke. The authors feel that this information would be beneficial for studies investigating the inherited basis of arterial brain
thrombophilia. From a clinical perspective, information that
patients carry more than one genetic mutation raises the possibility that they may require specific prophylactic regimens
when a positive history of ischemic episodes is present.

POO3
THE ROLE OF THROMBOPHILIA AS A RISK FACTOR FOR VENOUS
THROMBOEMBOLIC COMPLICATIONS IN PATIENTS WITH
LYMPHOPROLIFERATIVE DISEASES
Siragusa S, Barbera V, Iannitto E, Di Trapani R, Malato A,
Minardi V, Anastasio R, Grimaudo S, Capone F, Mariani G
Cattedra di Ematologia, Azienda Universitaria Policlinico,
Palermo
The association between VTE (venous thromboembolism) and
lymphoproliferative disease (LPD) is controversial and the role of
congenital risk factors for thrombosis remains undetermined.
The knowledge of such a condition may have an important clinical impact for choosing an appropriate antithrombotic approach
both in terms of prophylaxis and treatment. Two-hundred and
twenty consecutive patients with a LPD observed between 19962001 were analyzed with reference to the occurrence of venous
thromboembolic (VT) events. Events were objectively confirmed
by compression ultrasonography (in case of suspected deep vein
thrombosis) or by lung scanning and/or lung C.T. (in case of
suspected pulmonary embolism). In one-hundred and twenty
patients the most common genetic risk factors for thrombosis
(factor V Leiden and prothrombin G20210A) were assessed. The
overall prevalence of VTE (DVT and/or PE) in the population studied was 7.27% (16/220), no matter the disease and treatment;
the comparison between VTE and non-VTE patients with reference to the prevalence of the studied thrombophilia markers is
reported in the table. The relative risk for thrombosis was 5.5 for
the FV Leiden mutation and 0.83 for the FII G20210A mutation.
The prevalence of FVL and FII G20210A mutation in an unselected population of blood donors from the same area was not
different from that found in the patients with LPD. In conclusion,
FV Leiden appears to be an independent risk factor for venous
thromboembolism in this category of patients.
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POO4
FACTOR V IN PLATELETS DERIVED FROM MEGAKARYOCYTIC CULTURES
Adele G, Vulcano F, Macioce G, Mattia G, Barca A,
Milazzo L, Orlando M, Hassan HJ
Department of Clinical Biochemistry, Istituto Superiore di
Sanità, Rome, Italy
To investigate the capability of cultured platelets to produce
an effective prothrombinase complex, we investigated the
expression of factor V (FV) in resting and activated platelets. In
our culture system, human progenitor cells generated from
peripheral blood (CD 34+ = 96.8 ± 2.2%), grown in liquid suspension culture in a serum-free medium containing thrombopoietin (100ng/mL), differentiate through megakaryocytic lineage and give rise to a megakaryocytic population capable of
releasing platelets. Cultured platelets, defined on the basis of
CD61 expression and cytometric scatter properties identical to
blood platelets, could be activated by thrombin, indicating their
functionality. FV, the precursor of FVa, is distributed between
two blood pools: approximately 80% of the total FV circulates
in plasma and the remaining 20% is found within the α-granules of platelets. Plasma-derived FV is synthesized in the liver but
the origin of platelet-derived cofactor has not been clearly
defined. It might originate from plasma through endocytosis or
be synthesized by megakaryocytes. The expression of FV mRNA
in megakaryocytic differentiating cells and cultured platelets
was evaluated by means of semiquantitative RT-PCR analysis.
Different amounts of cDNA were amplified using two different
sets of primers within the 3’ coding sequence. FV expression was
observed in MKs from day 9-10 until the end of the culture and
in platelets, utilizing both sets of primers. Blood platelets, used
as PCR positive control, expressed similar levels of FV. At protein
level, platelet FV was studied by Western blot and flow cytometric analysis. Western blot was performed using a polyclonal
anti-human FV. Comparable amounts of cultured and blood isolated platelets were lysed in the presence of inhibitors and placed
on the 3% to 10% SDS-PAGE gradient gels. FV was expressed at
a significant higher level in whole blood with respect to cultured platelets. These data, in addition to FV mRNA expression
level, indicate that FV present in the circulating platelets mainly originates from plasma. To investigate whether platelet activation with thrombin promotes the surface expression of αgranule-FV, flow cytometric analysis of resting and activated
platelets was performed. Platelets were stimulated with 2U/mL
of thrombin and incubated with a monoclonal antibody (clone
V237) anti-human FV light chain (FITC conjugated). These activated platelets, differently from resting platelets, expressed FV
on their surface. In conclusion, our studies indicate: (a) the
megakaryocytic origin of platelet FV, (b) that endocytosis of plasma FV is the primary mechanism by which FV accumulates in
human platelets, (c) that cultured activated platelets have the
capability to release α-granule-FV on the cell surface.
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Physiopathology of Apoptosis
POO5
THE MITOCHONDRIAL-MEDIATED PATHWAY OF APOPTOSIS IS CLINICALLY
MORE RELEVANT THAN THE RECEPTOR-MEDIATED PATHWAY IN ACUTE
MYELOID LEUKEMIA
Del Poeta G, Del Principe MI, Venditti A, Maurillo L,
Buccisano F, Tamburini A, Irno Consalvo M, Mazzone C,
Suppo G, Cox MC, Tendas A, Marini R, Masi M, Amadori S
Department of Hematology, University “Tor Vergata”,
St.Eugenio Hospital, Rome, Italy
Defects in apoptosis pathways render leukemic cells resistant
to multiagent chemotherapy and specific blocks in the receptormediated (Fas) and mitochondrial-mediated (bcl-2, bax) pathways might translate clinically into reduced remission rates and
reduced overall survival (OS).1 Among proteins that modulate
apoptosis there are anti-apoptotic (bcl-xl, bcl-2, mcl-1) and proapoptotic (bax, bad and bak) mitochondrial proteins and Fas
(CD95), which induces apoptosis in susceptible cells bound by Fas
ligand. The quantitative determination of these proteins by flow
cytometry might be a very useful tool to predict the clinical
response to apoptosis-inducing drugs. The aims of our study
were: 1) to characterize the biological correlations of bax, bcl2 and CD95 and 2) to evaluate the impact both of bax/bcl-2 ratio
and CD95 expression on the clinical outcome of acute myeloid
leukemia (AML) patients. For this purpose, we investigated bcl2, bax and CD95 expression in 170 de novo AML patients, except
FAB M3, median age 63 years, treated with intensive chemotherapy regimens, from 1995 to 2001. Bcl-2 and bax expression were
determined by flow cytometry using an anti-bcl-2 monoclonal
antibody (Moab) and an anti-bax Moab, respectively. Bcl-2 and
bax were evaluated as mean fluorescence intensities (MFI), calculated as the ratio of bcl-2 or bax Moab mean/negative control mean. The results were expressed as an index (bax/bcl2
ratio), obtained by dividing MFI bax/MFI bcl-2. The threshold for
considering AML samples as apoptotic was set at the bax/bcl2
ratio median value >0.3 (range 0.01-6.0). CD95 was determined
by using an anti-CD95 PE Moab and was evaluated as MFI, calculated as the ratio of CD95 PE Moab/negative control mean. The
threshold of positivity was set at the CD95 MFI median value
>5.5. Normal bone marrows and leukemic cell lines were taken
into account as negative and positive controls, respectively. Lower bax/bcl2 ratio was strongly associated with the immature FAB
M0-M1 classes (44/55; p<0.00001). Both higher CD34 and
CD117 (c-kit) expression were significantly correlated with lower bax/bcl2 ratio (61/83 and 67/83; p=0.00001 and =0.00009,
respectively), confirming that both a stem cell like-feature and
the c-kit tyrosine kinase activity are consistent with lack of
apoptosis in AML. On the other hand, no significant correlation
was found between CD95 MFI and FAB classes or CD34 expression. Higher CD95 MFI levels were found in AML cases with
increased granulocytic differentiation and higher CD15 levels
(p=0.03). An important correlation was also found between
bax/bcl2 ratio <0.3 and the poor risk cytogenetic class (45/69;
p=0.0002). With regard to clinical outcome, a significant high-
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er complete remission (CR) rate was found in pts with higher
bax/bcl2 ratio (82% vs 45%; p=0.00001). Also OS was significantly longer in pts with higher bax/bcl2 ratio levels (19% vs 0%
at 4 years; p=0.001, Figure 1). Importantly, higher bax/bcl2 ratio
was also correlated with a longer time to relapse (7 months vs
4 months; p=0.02). No significant correlation was found
between CD95 MFI and CR rate or OS (Figure 2) or DFS. The
independent prognostic value of bax/bcl-2 ratio was confirmed
in multivariate analysis with regard to CR (p=0.0009), OS
(p=0.01) and DFS (p=0.02). Our data might explain why
chemoterapeutic agents, such as daunorubicin and etoposide,
inducing apoptosis through the mitochondrial-mediated pathway,2,3 are very effective in AML. In summary, defects in the
mitochondrial-mediated pathway of apoptosis induce multidrug
resistance and confer important prognostic information,4 while
the receptor-mediated pathway seems to show scant clinical
significance.5

Figure 1. Figure 1. Overall survival of two AML subsets, based on the
bax/bcl2 ratio. The figure illustrates that survival was significantly
longer in pts. with higher bax/bcl2 ratio levels.

Figure 2. Overall survival of AML pts with higher or lower than 5.5 CD95
MFI values. The figure shows that there was no significant difference
between the two subgroups with regard to clinical outcome.
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a 3-day incubation with 1 mM WEB 2086, show a large number of cells with the typical apoptotic nuclear morphology
accompanied by DNA fragmentation as revealed by the nucleosome ladder assay. Many of the cytodifferentiation properties of
WEB 2086 are exerted also by its analog WEB 2170. This suggests that WEB 2086, structurally distant from other known
inducers, might be the prototype of a new class of cytodifferentiation agents that are active on broad range of leukemia cells
in vitro and useful, prospectively, for anticancer therapy due to
their high tolerability in vivo.
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INDUCTION OF MURINE AND HUMAN LEUKEMIA CELLS TO TERMINAL
DIFFERENTIATION BY THE SYNTHETIC PLATELET ACTIVATING FACTOR
ANTAGONIST, WEB 2086

2.

Laurenzana AM, Cellai C, Vannucchi AM, Salati A, Bianchi L,
Chellini C, Paoletti F
Dipartimento di Patologia e Oncologia Sperimentali,
Divisione di Ematologia, Universita' degli Studi, Firenze
Agents capable of inhibiting cell proliferation and allowing
the expression of differentiated functions in leukemia cells, the
so called inducers, are the matter of intense investigation for a
pharmacological approach to leukemia by differentiation therapy, which has been exemplified by the use of all-trans-retinoic
acid in the treatment of acute promyelocytic leukemia. We now
report that the synthetic PAF antagonist, WEB 2086 (derived
from an anxiolytic triazolobenzodazepine and currently used as
anti-inflammatory agent)1 induces a dose-dependent growth
arrest and hemoglobin (Hb) accumulation in both murine (MELC)
and human (K562, HEL) eythroleukemia cells. MELC treated for
5 days with 1 mM WEB 2086 undergo decreased growth rates
accompanied by massive hemoglobinization to yield γδ85% benzidine positive-cells, increased expression of α and β-globin
genes and, eventually, downregulation of c-Myb.2 Once induced,
these effects are irreversible and proceed also in the absence of
the drug as the result of true cell commitment to terminal maturation. MELC induced differentiation by WEB 2086 does not
seem to involve inhibition of histone deacetylases as shown by
the analysis of acetylated histone pattern, and is abrogated by
the action of either phorbol 12-myristate 13-acetate and PAF
agonists. On a molar basis, WEB 2086 cytodifferentiation efficacy is by 5 to 10-fold higher than the most common MELC
inducer, hexametylene bisacetamide. As regards human erythroleukemia, K562 and HEL cells respond to the drug by showing a reduction in cell size, increased basophilia and high levels
of benzidine-positive cells exceeding 80% and 75% of the
induced population, respectively. Cytodifferentiative effects of
WEB 2086 have also been observed in myeloid leukemia cells; it
was found that following treatment, HL60, NB4 and U937 cells
exhibit both cellular and nuclear changes and became largely
positive to the NBT test as the result of functional myeloid maturation. In addition, induced HL60 cells are δ70% CD11b-positive and CD14-negative, as determined by flow cytometry analysis, to suggest leukemia cell commitmenet toward the granulocyte rather than monocyte phenotype. On average, however,
myeloid cell lines are more sensitive than erythroleukemia cells
to the inducer and some apoptotic cells are usually observed in
late culures. This is especially evident in NB4 cultures that, after

Casals-Stenzel J, Muacevic G, Weber KH. Pharmacological actions
of WEB 2086, a new specific antagonist of platelet activating factor. J Pharmacol Exp Ther 1987; 241:974-81.
Cellai C, Laurenzana A, Vannucchi AM, Della Malva N, Bianchi L,
Paoletti F. Specific PAF antagonist WEB-2086 induces terminal
differentiation of murine and human leukemia cells. FASEB J 2002;
16:733-5.

POO7
ANALYSIS OF THE DIHYDROFOLATE REDUCTASE GENE IN BLAST CELLS OF
PATIENTS WITH ACUTE LEUKEMIA BY FLUORESCENCE IN SITU
HYBRIDIZATION
Invernizzi R, Nano R,* Facoetti A,* Raimondi E,° Travaglino E,
Moralli D°
Dipartimenti di Medicina Interna, *Biologia Animale e
°Genetica e Microbiologia, Università di Pavia,
IRCCS Policlinico S. Matteo, Pavia
The key role of the dihydrofolate reductase (DHFR) system is
related to its involvement in the metabolism of nucleic acids.
Therefore it is a marker of cellular differentiation and replication
processes. Methotrexate (MTX) is a DHFR inhibitor and it is used
very often in a clinical setting as an anticancer drug. Biochemical and molecular studies showed correlations between levels of
DHFR activity, gene amplification and resistance to MTX in experimental systems, but only a few studies have been performed in
human cells from patients with acute leukemia (AL).1-5 Since an
increased level of DHFR activity is detectable in blasts from
leukemia patients at the onset of the disease or at relapse by histochemical methods, it can be argued that overexpression of the
DHFR gene may be involved in the development of clinical resistance to MTX. In order to investigate the relation between
increased DHFR level and gene amplification we performed cytochemical quantification and molecular studies in PHA-stimulated peripheral blood lymphocytes from 8 normal donors, MTX
resistant HeLa cells and bone marrow blasts from 16 patients
with AL, classified as follows: 11 cases of acute myeloid leukemia
(AML) (3 M1, 3 M2, 2 M3 and 3 M5), 9 at the onset and 2 at
relapse, and 5 cases of acute lymphoid leukemia (ALL), all of the
common type, 3 at the onset and 2 at relapse. The DHFR cytochemical reaction was performed according to Gerzeli and De
Piceis Polver6 and the optical density (OD) of the reaction product was quantified employing a Vickers M86 scanning and integrating microdensitometer. A plasmid containing the DHFR gene
labeled with biotin was utilized as a probe for in situ hybridization, which was carried out as described.7 The fluorescence signal (FS) was quantified using the Scion image software program
and compared with the cytochemical and cytophotometric data.
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Significantly higher levels of enzyme activity were observed in
lymphoblasts (mean 65±10.6) than in normal lymphocytes
(mean 38.4±2.6) (p=0.004) and in AML blasts (mean 167.6±12.6)
than in lymphoblasts (p=0.00001). The strongest level of enzyme
activity was observed in MTX-resistant HeLa cells carrying DHFR
gene amplification (mean 324.9±11). In AL a heterogeneous
hybridization pattern was generally observed at the single cell
level. However, the FS with the DHFR cDNA probe in interphase
nuclei was about tenfold higher in lymphoblasts than in normal
lymphocytes and about hundredfold higher in myeloblasts than
in lymphoblasts, without difference in relation to morphological subtype. Relapsed cases showed the highest fluorescence
intensity signal. These findings suggest an amplification of the
DHFR gene in all the analyzed cases of AML both at the onset
and in relapse; also ALL cases showed a slight amplification of
the DHFR gene. Therefore, the increased expression of DHFR in
leukemic blasts is due to gene amplification. The high levels in
AML might explain the MTX natural resistance of myeloblasts;
lymphoblasts with increased levels of DHFR may have a reduced
sensitivity to the drug. This interesting problem regarding the
role of DHFR could be answered in a prospective study and with
a thorough follow-up of our patients.
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POO8
APOPTOTIC CHANGES IN L540 HODGKIN'S LYMPHOMA CELLS
INTOXICATED BY RIBOSOME-INACTIVATING PROTEINS
Lubelli C, Polito L, Bolognesi A, Stirpe F
Dipartimento di Patologia Sperimentale, Università di Bologna,
via San Giacomo 14, Bologna
Ribosome-inactivating proteins (RIP) from plants may be
divided into type 1 or type 2 according to their single- or double-chain structure (Barbieri et al., 1993; Peumans et al., 2001).
Several type 2 RIP are very potent toxins, the best known being
ricin. Many studies have demonstrated that ricin induces apop-
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totic death, in vitro, in T cells and macrophages, monoblastoid
cells and several tumor cell lines. Type 1 RIP do not bind easily
to cells, due to the lack of a lectin B chain, and consequently are
much less toxic than type 2 RIP to cells and animals. However,
as type 2 RIP, they are able to induce apoptosis, even if at higher concentrations (Bolognesi et al. 1996). To study the mechanism of RIP induced apoptotic cell death, we examined the effect
of the type 2 RIP ricin and the type 1 RIP saporin on L540 Hodgkin's lymphoma cell line. In these cells we evaluated the sequence
of time-related protein synthesis inhibition, activation of caspase-3 and DNA fragmentation. The first biochemical alteration
observed in treated cells was the protein synthesis inhibition,
already evident after 1 h of incubation. This inhibition was faster
with ricin, reaching 70% after 4 h of incubation, whilst with
saporin the same effect was obtained after 16 h.
Ricin and saporin caused an almost identical pattern of cell
DNA fragmentation. In both cases FITC-dUTP incorporation
increased linearly from 4 h to 24 h and annexin-V positivity also
appeared in L540 cells 4 h after RIP incubation. Finally we evaluated the caspase-3 activation. Caspases, especially caspase-3,
after activation can proteolytically cleave several important
intracellular, membrane and nuclear proteins, such as actin and
laminin, resulting in dramatic morphological changes in cells
undergoing apoptosis. On L540 the caspase-3 proteolytic activity started to increase after 8 h incubation. Ricin induced an
exponential caspase-3 activity increment, that reached a level
of 1044% of controls after 24 h of incubation; with saporin this
activity increased linearly to a level of 281%. Caspase-3 activity induced by RIP was also evaluated in the presence of the caspases inhibitor Z-VAD-fmk added 3 h before RIP treatment. ZVAD-fmk completely inhibited caspase-3 activation but was partially effective at protecting L540 cells from death induced by
ricin or saporin. The observation that a significant amount of
cells (22% for ricin and 36% for saporin) died also in presence
of complete inhibition of caspases is probably due to caspaseindependent mechanisms. A form of programmed cell death distinct from apoptosis by both morphologic and biochemical criteria and by response to caspase inhibition was already been
described (Sperandio et al 2000, Formigli et al., 2000). Present
results suggest that two different mechanisms are probably
involved in apoptotic cell death and the different caspase increment observed in ricin and saporin treated cells suggest that
the caspase-independent mechanism is more relevant with ricin
than with saporin.

POO9
BIOLOGICAL EFFECTS ON LAMA 84R OF STI571, DECITABINE, ARSENIC
TRIOXIDE AND INTERFERON-α
Civallero M, Cosenza M, Sacchi S
Dipartimento di Oncologia ed Ematologia, Università di
Modena e Reggio Emilia
Introduction. A new drug, STI571, has proven highly effective
in reducing leukemic cells and in inducing cytogenetic remission
in CML patients. STI-571 is an ATP-competitive inhibitor of the
Abl tyrosine kinase. Some CML cell lines and several patients,
expecially those with advanced disease become resistant to this
compound. Recently, hypermethylation of the translocated Pa
promoter of ABL1 has been described in some cases of CML and
these can contribute to the pathogenesis of CML affecting the
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expression of the BCR-ABL transcript. Silencing of the internal
ABL1 promoter by methylation may tip the balance in favor of
BCR-ABL and provide the ground for the resistance to apoptosis and the enomic instability that characterize blastic transformation. Decitabine (5-aza-2’deoxycytidine) is a cytidine analog
that inhibits DNA methyltransferase activity. Newly synthesized
DNA is consequently hypomethylated, resulting in expression of
previously quiescent genes. The aim of the study was to evaluate the effects of some drugs, such as decitabine, IFN-α and
As2O3 on a cell line resistant to STI571. We wanted to clarify
whether the single-drug resistance may be overcome by administering other agents directed against different targets. Material and methods. The erythromegakaryocytic cell line LAMA84
and LAMA84R, were kindly provided by Dr. Gambacorti Passerini. By an immunomagnetic column, CD34+ cells were separated
from peripheral blood of patients with CML and from the cell
lines LAMA84 and LAMA84R. The cells were evaluated for the
expression of Philadelphia chromosome with FISH in interphase
nuclei. ABL1 methylation was determined by methylation-specific PCR according to the method of Herman et al. The CD34+
were exposed to decitabine, As2O3 and IFN-α at different times
and doses. After exposure to the drugs we re-evaluated the presence of Ph+ cells and the methylation of ABL1. The treated CD34+
cells were cultured in methylcellulose. After 21 days we counted the colonies that are picked up to study the Ph expression and
the methylation of ABL1. Results. By FISH we confirmed the
presence of more than 1 copy of the Ph chromosome in LAMA84
and LAMA84R. In the resistant cell line was observed a cluster
of fusion signals in 98% of cells. LAMA84 and LAMA84R were
exposed to decitabine at concentrations of 0.5 and 1 muM. No
difference between the two cell lines was observed. Decitabine
induce apoptosis of 50% of cells at the doses of 1 µM for 24h,
and of 0.5 µM for 48h. The cytotoxic effects of the drug on both
cell line, were evident at the doses of 1 µM for 48h and 0.5 µM
for 106 h with 80% of apoptosis of cells. Discussion. Recent
data shows that methylation is a highly specific process that is
likely to be restricted to the ABL1 allele nested within the Ph
fusion gene. Reversal of ABL1 hypermethylation may offer new
avenues for therapeutic intervention in this common leukemia.
We have previously demonstrated the effects of As2O3 and IFNα on the cytogenetic conversion of Ph+ cells from patients with
CML in chronic phase. Therefore, we put forward the suggestion
to study the effects of these drugs on the resistant cell lines. As
our study is ongoing the discussion will be updated on the basis
of new results regarding the relation between methylation
reduction and increased apoptosis.
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Chromosomal Disorders
PO10
CYTOGENETIC ABNORMALITIES DETECTED BY FLUORESCENT IN SITU
HYBRIDIZATION IN CHRONIC LYMPHOCYTIC LEUKEMIA PATIENTS WITH A
PROGRESSIVE DISEASE
Gozzetti A, Mariotti C, Raspadori D, Forconi F, Lenoci M,
Marotta G, Fabbri A, Lauria F
Hematology Department, University of Siena
As a result of the low proliferative index, only 50% of chronic
lymphocytic leukemia (CLL) cases are adequate for cytogenetic
analysis; about half of them have cytogenetic abnormalities. Fluorescence in situ hybridization (FISH) provides a more reliable
assessment of the incidence of all chromosomal aberrations.
Genetic abnormalities may allow a risk assessment for individual
patients at the time of diagnosis, thus giving the opportunity for
risk-adapted management. Trisomy 12 and structural aberrations
involving the long arm of chromosome 13 are the most frequent
cytogenetic abnormalities in CLL. Trisomy 12 and del of 17 p13.1
have been reported as a poor prognostic factor; in addition, deletion 17p has been associated with resistance to treatment with
purine analogs. Abnormalities involving the immunoglobulin
heavy chain locus (IgH) at 14q32 have also been reported in a
minority of cases. We tested a set of commercially available
probes to determine the feasibility and accuracy of FISH in the
assesment of abnormalities in CLL patients, utilizing three different probes for the 13q14.3 region: unique sequence specific
probes for RB-1 (retinoblastoma), D13S319 locus and D13S25
(LSI-RB-1, LSI D13S319, LSI D13S325, Vysis), one probe for chromosome-12-specific α-satellite DNA probe (CEP12,Vysis), one
probe for the P53 gene at 17p13.1(LSI P53, Vysis), and one probe
for 3'-5'IgH at 14q32(LSI IgH,Vysis) covering the entire region of
IgH, thus potentially allowing detection of more rearrangements.
Cytogenetic and molecular cytogenetic studies were performed on
PB samples from CLL patients with an aggressive disease defined
by clinical progression characterized by lymph node enlargement,
lymphocyte doubling time, proliferation and resistance to drug
therapy. Cytogenetic and FISH studies were performed on stimulated peripheral blood lymphocytes, cultured for 72h at 37°C in
RPMI medium supplemented with 15% fetal calf serum. Four hundred interphase nuclei from patients and controls were analyzed
and scored for each probe by two different observers. The cut-off
for positivity (mean of normal control) was determined for each
probe on 5 PB samples from normal individuals. Preliminary results
from 12 patients studied showed a normal karyotype in 8 patients.
FISH was able to detect chromosomal abnormalities in 10 patients
(85%): +12 in 4 pts (38%), range 47-58% of positive nuclei; del
13q in 4 (38%), range 32-88%; del of P53 in 3 (38%),range 3468%; del of 5' IgH in 1 (15%), in 60% of the nuclei. Interestingly one patient showed both deletion of P53 and for all the probes
covering the 13q14 region. One of three patients with a del 13q14,
showed a deletion of LSI D13S319 and D13S25 probes (DBM
region) while RB-1 stayed at 13q14. Although if in a small group
of patients, FISH confirmed its ability to increase the detection of
cytogenetic abnormalities, and in particular this strategy seems
to be promising for future studies.
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PO11
LOSS OF HETEROZYGOSITY AT 7Q REGION IS ASSOCIATED WITH
RECURRENT CHROMOSOMAL ABNORMALITIES IN ACUTE LEUKEMIA
Basiricò R,° Mirto S, Pirrotta R,° Fabbiano F,° Magrin S,
Pagano M, Cascio L,° Scimè R, Cammarata G, Santoro A
Laboratory of Hematology and Molecular Cytogenetics;
°Division of Hematology and BMT Unit, Ospedale Cervello,
Palermo, Italy
Allelic imbalances including loss of heterozygosity (LOH) on
the long arm of chromosome 7 (7q) have been frequently reported in several types of human cancer including hematologic
malignancies. Moreover, monosomy of chromosome 7 and 7q
deletions have been associated in acute leukemia (AL) with more
aggressive disease and poor prognosis. Using a panel of highly
polymorphic microsatellite markers on the 7q21-q32 region, we
investigated fifty AL patients (32 acute myeloid leukemia, AML,
and 18 acute lymphocytic leukemia, ALL) for loss of heterozygosity, a hallmark for possible involvement of tumor suppressor
genes. In parallel, the same AL cases were studied by conventional cytogenetics. Allelotype analysis of their DNA isolated
from leukemic blast and buccal smearing as control, was performed by fluorescence PCR of ten loci using labeled primers
directed to microsatellite regions (D7S630, D7S657, D7S 515,
D7S658, D7S2459, D7S486, D7S530, D7S640, D7S684, D7S636).
Fluorescent PCR products were analyzed by an automated capillary electrophoresis system (ABI PRISM 310) and by dedicated
software (GeneScan). All samples were informative for at least
7 of the 10 microsatellite markers. LOH was scored as positive
when the degree of reduction in allelic signal intensity was
greater than 70%. Balanced allelotypes were observed in 30 cases (60%). A total of 44 spots of allelic loss at 7q were observed
in 16 (32%) of 50 patients (11 AML and 5 ALL) at one or more
tested loci. Microsatellite instability was found in 2 cases (4%)
and 2 cases (4%) showed amplification of D7S486 and D7S640
loci. Upon karyotypic analysis, 3 of the 16 cases with LOH at 7q
showed chromosome 7 monosomy, whereas no cytogenetically
detectable abnormalities were observed at chromosome 7 in the
remaining 13 cases. However, the comparison with karyotypic
results in the whole group indicated that presence of LOH at
7q21-q32 was significantly associated with other karyotypic
lesions. In fact, an altered karyotype was detectable in 13/16
(81%) of LOH +ve and in 13/30 (43%) of LOH –ve AL cases,
respectively (p =0,032). In addition, LOH at 7q was prevalently
associated with unfavorable cytogenetic lesions including
numerical aberrations. Our data support the notion that the
7q21–q32 region may be an unstable area prone to chromosome breakage in patients with abnormal karyotype. These
lesions at 7q might in turn deregulate tumor suppressor genes
thus contributing to hematologic diseases progression.

PO12
FIVE NOVEL NON-RANDOM CHROMOSOME REARRANGEMENTS
IN B-CHRONIC LYMPHOCYTIC LEUKEMIA: CORRELATION
WITH HEMATOLOGIC AND CLINICAL FEATURES
Cavazzini F, Cuneo A, Bardi A, Roberti MG, Tammiso E,
Agostini P, Tieghi A, Dabusti M, Castoldi G
Sezione di Ematologia, DSBTA, Università di Ferrara
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Twelve patients with novel non-random chromosome
rearrangements defining the stemline were found among 273
CLL with karyotype available for review. FISH analysis was performed in these 12 patients to detect specific cytogenetic abnormalities (i.e. +12, 13q, 11q and 17p-) known to have prognostic relevance. 1p36 rearrangements, 4p16 and 4q35 rearrangements were found in two cases each, four patients showed karyotypic abnormalities involving 9q11-32 and two patients had +7.
A review of the literature was performed showing that four cases with 1p36 aberrations, four with 4p16; two with 4q35, three
with +7 and five cases with rearrangements occurring at 9q1132 were found in the context of previous studies of large series.
These findings suggest that these chromosome anomalies are to
be regarded as rare events in lymphoid neoplasias. A minor clone
with +12 was found by FISH in two cases with +7, whereas no
cryptic anomaly was found in the remaining cases. Rearrangements of chromosome 1p36 in our series and in the literature
were associated with an indolent disease with the exception of
one case with many additional defects (complex karyotype). In
contrast, 4p16 changes were associated with typical morphology and a therapy-demanding disease. Similar morphology consisting of an excess of large lymphocytes and a paraproteinemic
component was observed in two cases with 4q35 rearrangement, who showed partial, short lasting responses to chemotherapy. Those patients with 9q deletion featured atypical morphology, spleen involvement and an aggressive disease in 3 out of 4
cases. In one cases with +7, atypical morphology and early disease progression was observed. We conclude that a) these novel chromosome aberrations may represent early cytogenetic
defects, which seemingly developed in these patients through
independent cytogenetic routes not involving chromosomes
11q, 17p, 13q; b) that distinct hematologic features may be
associated with each of these cytogenetic subsets of CLL.

PO13
THE t(11;20)(P15;Q11) TRANSLOCATION IN DE NOVO ACUTE MYELOID
LEUKEMIA: A CASE REPORT AND REVIEW OF THE LITERATURE
Potenza L, Luppi M, Morselli M, Saviola A, Facchini L,
Bresciani P, Temperani P, Ferrari A, Sinigaglia B, Giacobbi F,
Emilia G, Torelli G
Section of Hematology, Department of Oncology and
Hematology, University of Modena and Reggio Emilia, Modena,
Italy
The translocation t(11;20)(p15;q11) is an extremely rare chromosomal translocation, so far reported to be the sole chromosomal translocation in 2 cases of therapy-related myelodysplastic syndrome/acute myeloid leukemia (t-MDS/AML) and in 4
cases of de novo acute myeloid leukemia (AML). Here we report
a further case of t(11;20)(p15;q11) in de novo AML, and a review
of the literature. A 16-year old girl was admitted to the hospital because of a one week history of fever. Her peripheral blood
value showed hyperleukocytosis (WBC: 260 × 109/L) with 90%
blast percentage, severe anemia (Hb: 7.6 g/dl) and severe thrombocytopenia (PLT: 23 × 109/L). Bone marrow and peripheral blood
morphological and cytochemical analysis showed a picture of
AML of M2 French-American-British (FAB) type. Immunophenotyping study showed blast cells positive for CD34+, CD13+,
HLA−DR+, CD19+, CD11c+, and negative for CD33−, CD14−, CD15.
Fluorescence in situ hybridization (FISH) analysis of the bone
marrow and peripheral blood showed the t(11;20)(p15;q11) in
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all the examined metaphases. Studies are in progress to verify
the possible involvement of several genes located at 11p15 and
20q11. Data from the literature refer to two patients with tMDS/AML and a history of exposure to topoisomerase II poisons, in which the t(11;20)(p15;q11) resulted in a balanced
translocation between NUP98 gene, on chromosome 11p15, and
TOP1 gene, on chromosome 20q11. Four patients have also been
reported with de novo AML, carrying the t(11;20)(p15;q11). In
one case of AML of M5b FAB type, the splicing of NUP98 gene
and its involvement in the reciprocal translocation were demonstrated, but no information about the clinical features of the
case was provided. The remaining three were of M2 FAB type,
two of whom showed hyperleukocytosis. Table 1 reports the clinical and cytogenetic features of our and the other cases reported in literature. Our case is the fifth reported case of
t(11;20)(p15;q11) in de novo AML. From our review the t(11;20)(
p15;q11) seems to be most frequently associated with younger
age of patients (5/7 of the total; 4/5 of the de novo AML), an M2
FAB type (4/5 of de novo AML) and hyperleukocytosis (3/5 of de
novo AML). Scanty information about the clinical outcome of all
patients does not permit a prognostic evaluation of this cytogenetic alteration. This particular translocation although rare,
may identify a specific clinical subset of de novo AML patients.
Table 1.

Author/year

Mitelman F.
1988
Mitelman F.
1988
Betts DR
1998
Ahuja HG
1999
Ahuja HG
1999
Kakazu N.
2001
This report
2002

Malignancy & Patients
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(109/liter)

Gene
Rearrangement
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dei folati e nella sintesi e metilazione del DNA.Il polimorfismo
C677T della MTHFR determina una marcata riduzione dell'attività enzimatica ( pari al 30% circa dell’attività normale) nei
soggetti portatori della mutazione allo stato omozigote. Abbiamo analizzato in maniera retrospettiva la prevalenza del
polimorfismo C677T in 78 pazienti affetti da leucemia acuta linfoblastica e promielocitica sottoposti a chemioterapia di mantenimento con methotrexate (MTX). L'incidenza della mutazione
C677T è risultata analoga a quella della popolazione italiana in
generale con 23.08% di pazienti con genotipo omozigote TT,
38.46% di pazienti eterozigoti CT e 38.46% di pazienti con
genotipo wild-type CC. Abbiamo inoltre valutato su 61 pazienti la tossicità da MTX sul midollo osseo, sul fegato e sulle mucose.
Il genotipo TT risulta significativamente associato ad un incremento della tossicità durante la somministrazione di methotrexate, infatti l’intolleranza al MTX è stata riscontrata in 9/15 (60%)
dei pazienti TT, nel 33.3% dei pazienti CC e nel 24% dei pazienti CT (p=0.0343). Non è stato osservato uno specifico pattern di
tossicità nei pazienti con genotipo TT, anche se la mielosoppressione e la tossicità epatica sono risultate prevalenti. L’elevata prevalenza di individui omozigoti TT nella popolazione italiana suggerisce l’utilità di eseguire uno screening genetico per
questa mutazione nei pazienti con leucosi acuta in trattamento prolungato con MTX. Il genotipo TT potrebbe infatti richiedere
una riduzione del dosaggio di MTX nel corso di somministrazioni
prolungate del farmaco.

PO15
EVALUATION OF TELOMERASE ACTIVITY IN PATIENTS WITH ACUTE MYELOID
LEUKEMIA

de novo AML/M2

54y/M

78

t(11 ;20)( p15;q11)

n.a.

de novo AML/M2

16y/F

223

t(11 ;20)( p15;q11)

n.a.

de novo AML/M2

9y/F

n.a.

t(11 ;20)( p15;q11)

n.a.

t-MDS/AML

4y/F

n.a.

t(11 ;20)( p15;q11)

NUP98-TOP1

t-MDS/AML

15y/M

n.a.

t(11 ;20)( p15;q11)

NUP98-TOP1

de novo AML/M5b
de novo AML/M2

n.a.
16y/F

n.a.
260

t(11 ;20)( p15;q11)
t(11 ;20)( p15;q11)

NUP98
ongoing

n.a.: not available.

PO14
PREVALENZA DEL POLIMORFISMO C677T DELLA
METILENETETRAIDROFOLATO-REDUTTASI NEI PAZIENTI AFFETTI DA
LEUCEMIA ACUTA INTOLLERANTI AL METOTREXATE
Reddiconto G,* Chiusolo P,* Fiorini A,* Farina G,* Laurenti L,*
Sorà F,* Annino L,° Sica S,* Leone G*
*Cattedra di Ematologia, Università Cattolica Sacro Cuore;
°Ospedale S. Giovanni dell'Addolorata, Roma
La Metilenetetraidrofolato reduttasi (MTHFR), enzima che
catalizza la riduzione del 5-10methylenetetrahydrofolato a 5methyltetraydrofolato, svolge un ruolo chiave nel metabolismo

Sanchini A,° Calistri D,° Cipriani R,* Zaccaria A*
for the Hematology Group of the Istituto Oncologico
Romagnolo
Lab. Biol. Mol. Oncology Dept. Pierantoni Hospital, Forlì°,
Hematology Unit, S. Maria delle Croci Hospital, Ravenna*
Human telomeres are specialized chromosomal and structures
composed of TTAGGG repeats. They protect chromosomes from
degradation, fusion and recombination. However, in normal cells,
the number of cell divisions is limited and the main reason for
this is the progressive loss of telomeric sequences. This process
also leads to cell senescence when a critical telomere length is
reached. The complete replication of telomeric sequences at the
termini of eukaryotic chromosomes requires a special enzyme
complex, telomerase, an RNA-dependent DNA polymerase, which
is not present in most somatic cells (only human primitive
hematopoietic cells and activated lymphocytes have borderline
telomerase activity). In contrast, immortalized cell lines and the
majority of malignant tumors demonstrate high telomerase
activity, stable telomere length and unlimited proliferative
potential. We analyzed the telomerase activity in 26 AML and
18 MDS patients. Moreover 13 normal subjects were evaluated.
Methods. Fluorescence TRAP assay was performed on bone
marrow samples as previously described1 and expressed in arbitrary enzymatic units (AEU). Results. Twenty-six pts with AML
were evaluated at diagnosis. Their median telomerase value was
261.5 AEU (extr. 51-2723). Six pts were evaluated after therapy. Their median value was 64.5 AEU (extr. 56-126). The 18 pts
with MDS had a median telomerase value of 95.5 AEU (extr. 532458). Normal controls showed a median value of 94.0 AEU
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(extr. 46-346). The correlation of these data with other prognostic parameters is still ongoing. These data confirm previous
data showing a marked increase in telomerase activity in AML
with a reduction within normal range after therapy. Differently
from other studies, the median values of MDS pts and normal
individuals in our study appeared identical.
Funding: This work was supported by Istituto Oncologico
Romagnolo, Forlì, and Associazione Italiana contro le Leucemie,
Sez. di Ravenna (Ravenna A.I.L.).
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Pathogenesis of Hematologic Malignancies
PO16
PRESENCE OF TT VIRUS DNA IN BONE MARROW CELLS
FROM HEMATOLOGIC PATIENTS
Fanci R,* Azzi A,° De Santis R,° Zakrzewska K,° Paci C*
*Hematologic Unit, °Department of Public Health and
Epidemiology (Microbiology and Virology Unit),
University of Florence and Careggi Hospital of Florence
TT virus (TTV) is a small, naked, single strand DNA virus. It may
be transmitted by blood and blood derivatives,1 by the fecal-oral
route and probably by aerosol.2 Recent observations suggest that
TTV, in addition to liver, may infect peripheral blood mononuclear
cells3 and bone marrow (BM).4 Other data suggest that the
transplantation of TTV-free BM could help to clear a persistent
TTV infection.5 In order to assess whether BM is a common target organ for TTV infection or whether BM infection occurs
rarely, in association with some hematologic disorders, BM biopsy samples and sera from hematologic patients as well as from
a control group were investigated for TTV DNA presence. PCR for
TTV DNA detection was investigated in 33 patients:5 affected by
multiple myeloma, 8 by MGUS, 8 by non Hodgkin’s lymphoma
and 12 by immune thrombocytopenia. TTV presence was also
investigated in sera from 16 healthy age-matched controls. For
TTV DNA detection two nested PCR, named UTR(A)–PCR and
UTR(B)-PCR which amplify distinct viral DNA sequences within
the conserved non-coding region (UTR), were employed. IgG
antibody anti–TTV detection was detected by an ELISA
immunoassay on the market. Recombinant TTV proteins coded
from ORF 1 and ORF 2 sequences were used as antigens .UTR(A)
and UTR (B) positive samples were amplified by a third PCR for
the N22 region, in order to analyze the genomic variability of
TTV. Altogether TTV DNA sequences were demonstrated in the
bone marrow of 84.85% of patients and in 72.72% of their sera
by the use of UTR(A)-PCR without significant differences among
groups. The percentage of TTV DNA positive sera was 93.75%
among healthy controls. N22 sequences amplified from bone
marrow and serum of 3 patients were analyzed , after cloning:
all these isolates were of type 2c and 2 or 3 variants were present in each isolate. By using of the enzyme mung bean nuclease we also demonstrated that ds DNA of TTV ( replicative form)
was present in the bone marrow samples. Anti-TTV antibodies
were detected in 10 out of 20 patients ( 50%) without significant differences among groups. These findings confirm that TTV
infection is very diffuse and demonstrate that BM is a frequent
target of TTV infection. The rate of TTV infection detected by
serological assay was lower than that shown by viral DNA detection by UTR(A)-PCR. It is possible that the high variability which
characterizes TTV, also as regards the amino acid sequences,
biases the performance of serological assays so far available.
TTV infection and replication in the bone marrow seems to be
unrelated to bone marrow damage linked to a particular hematologic disease. However it cannot be excluded that, depending
on the host’s clinical conditions , TTV infection of BM may cause
disease not identified so far. Moreover the hypothesis of TTV
transmission by BM transplantation may be considered.
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Gene Therapy
PO17
DEVELOPMENT OF HYBRID RETROVIRAL VECTORS CONTAINING HSV-1 TK
MUTANTS FOR CONDITIONAL ABLATION OF ALLOREACTIVE
DONOR T-CELLS
Giaretta I,*º Stefani AL,* Parolin C,* Novella E,º Madeo D,º
Del Vecchio C,* Rodeghiero F,º Palù G*
*Department of Histology, Microbiology and Medical
Biotechnologies, Section of Microbiology and Virology,
University of Padova; Department of cell therapy and
Hematology, San Bortolo Hospital, Vicenza, Italy
Donor lymphocyte infusion (DLI) could play an important role
in the treatment of relapse after allogeneic stem cell transplantation, providing a long-lasting graft versus leukemia effect (GvL).
Unfortunately, DLI may be complicated by a delayed, sometimes
lethal, graft versus host disease (GvHD). To control the level of
GvHD, genetically-modified lymphocytes expressing the herpes
simplex virus type-1 thymidine kinase (HSV-1 tk) suicide gene
have been used in clinical protocols. However, low gene transfer
efficiency and incomplete ability to destroy the gene-modified
cells, when required, have limited the clinical benefit of this
approach. The aim of this study was to develop retroviral vectors
containing HSV-1 tk mutants with increased specificity for phosphorylating ganciclovir (GCV) and/or acyclovir (ACV). These
mutants are promising candidate for suicide gene therapy clinical trials, since they could enhance selective killing of transduced
cells as well as reduce prodrug-mediated toxicity to normal cells.
However, their application for the alloreactivity modulation in a
DLI context has not yet been investigated. For this study, the tk30
and tk226 mutant genes were selected. Both mutants as well as
the tk wild-type (tk wt) were singularly cloned by PCR into the
pSF91 retroviral vector, a novel generation of FMEV hybrid vectors. The pSF91 combines the enhancer/promoter of the spleen
focus forming virus (SFFV) with the optimized 5’untranslated
leader region of the murine embryonic stem cell virus (MESV).
This vector provides high levels of transgene expression in
hematopoietic stem cells as well as in T and B cells. A unique
IRES-deltaLNGFR-WPRE cassette was designed, containing the
internal ribosome entry site (IRES) sequence from the
encephalomyocarditis virus, the truncated low affinity nerve
growth factor receptor (δLNGFR) sequence as selectable marker,
and the woodchuck hepatitis virus post-transcriptional regulatory element (WPRE) sequence to improve expression of both transgenes. This cassette has been cloned into the pSF91 viral backbone downstream to the suicide gene: the presence of the IRES
sequence leads to the formation of a bicistronic transcriptional
unit containing both tk and δLNGFR genes. In this context, following transduction of target cells, the expression of cloned genes
becomes under transcriptional control of SFFV enhancer/promotor. Firstly, expression of the δLNGFR was evaluated by transient
transfection experiments on packaging cells. Our results demonstrated a successful expression of δLNGFR marker gene by flow
cytometry, suggesting the feasibility of enriching cell populations
containing the retroviral vector. Transduction experiments are in
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progress on lymphoid cell lines and primary T cells to evaluate
functional activity and stability of the transgenes. With respect
to HSV-1 tk wt gene, the use of tk mutant genes could enhance
the sensitivity of donor transduced T cells to the prodrugs
GCV/ACV, allowing safer control of DLI-induced alloreactivity. In
addition, since efficient prodrug-mediated cell killing is strictly
related to expression of TK, the use of a vector system with
enhanced transgene expression could greatly improve the efficacy of this approach, allowing new clinical protocols for in vivo
modulation of GvHD to be defined.

PO18
PRECLINICAL AND EXPERIMENTAL DEVELOPMENT OF THE CD20 SUICIDE
GENE SYSTEM
Serafini M,* Manganini M,* Bonamino M,° Imberti L,§
Rambaldi A,^ Biondi A,° Introna M*
*Istituto di Ricerche Farmacologiche "Mario Negri", Milano,
Italy; °Center "M. Tettamanti", Clinica Pediatrica Università di
Milano Bicocca, Ospedale San Gerardo, Monza, Italy;
^Division of Hematology, Ospedali Riuniti di Bergamo,
Bergamo, Italy; §Terzo Laboratorio Analisi,
Azienda Ospedaliera Spedali Civili, Brescia
The therapeutic impact of alloBMT is limited by the risk of a
potentially life-threatening complication, graft versus host disease (GvHD). We investigated the genetic manipulation of donor
lymphocytes which could enable their selective elimination and
abrogation of GvHD, thereby making marrow transplantion more
efficacious and safer. We have recently explored an innovative
idea for an alternative suicide system. We have introduced the
complete cDNA for the human CD20 gene into T cells, by the use
of a Moloney derived retroviral vector. As a consequence, T cells
become selectable by immunoaffinity columns and show high
susceptibility in vitro to killing by exposure to the monoclonal
anti CD20 antibody rituximab in the presence of complement.
Ficoll-purified mononuclear cells from 20 different donors were
exposed for 48 hours to PHA and hrIL-2, then cultivated in the
presence of IL-2 for 5 days after one spin infection. CD20 positive cells range from 7 to 62% (mean 30%±15,4). Replacing the
initial PHA activation by CD3/CD28 did not significantly change
the percentage of CD20 transduction. Moreover, infection in the
presence of fibronectin increases the percentage of CD20 positive cells from 45 to 70% (mean 65%±9). The purity of the collected population was routinely about 90% (±7.5), following
immunoselection with anti CD20 FITC antibody and anti-FITC
magnetic beads. Susceptibility to rituximab mediated lysis was
evaluated by the Alamar blue test indicating that more than
90% of cells could be killed and reaching 100% by the addition
of two monoclonal antibodies directed against the surface complement inhibitors CD55 and CD59. CD20-transduced purified T
cells exhibited the same proliferative activity against allogeneic irradiated target cells as untransduced T cells, suggesting that
tranduced cells are immunologically functional. Moreover, gene
transduction did not change proliferation efficiency in the presence of tetanus toxoid soluble antigen. In two experiments, IFNγ
ELISA assays were performed in parallel to determine that the
frequency of IFNg secreting cells was the same in the control and
selected population. Furthermore, to identify the effects of tranduction and/or selection on the T cell repertoire, we examined,
by PCR amplification, the T cell heterogeneity of CD20 express-
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ing T cell samples versus the control untransduced population
from 6 different donors: in all samples examined, the diversity
of TCRBV subfamilies was identical in the cells prior to transduction/selection as well as in the final CD20 product. Finally,
in the perspective of developing second generation vectors able
to transduce quiescent T lymphocytes, we constructed a lentiviral vector containing a central polypurine tract (cPPT) that contains the human CD20cDNA driven by the human elongation
factor-1 α (EF1a) promoter: so far we have observed an efficiency of transduction ranging from 20 to 30% of freshly isolated T lymphocytes solely exposed to hrIL-2 for 48h before
transduction. Interestingly, the presence of EF1a promoter:
induces a mean fluorescence intensity (MFI), mean value of
590±98 which is well above the corresponding value of 301±114
obtained by first generation vector in which the CD20 gene is
under the control of the Moloney-LTR.

PO19
ACUTE MYLOID BLASTS BLASTS CAN BE RETROVIRALLY TRANSDUCED WITH
INTERLEUKIN-12 GENES AND INDUCED TO DIFFERENTIATE INTO DENDRITIC
CELLS
Curti A,* Parenza M,§ Chiodoni C,§ Baccarani M,* Lemoli RM,*
Colombo MP§
*Istituto di Ematologia e Oncologia Medica " L. & A. Seragnoli",
University of Bologna,Bologna , Italy; §Istituto Nazionale
per lo Studio e la Cura dei tumori, Milan, Italy
Transduction of dendritic cells with IL-12 genes ( p35 and p40)
has been shown to enhance their capacity to activate anti-tumor
immune response. Primary leukemic blasts can be induced to differentiate into fully competent denritic cells which are expexted
to trigger immune recognition of leukemia-associated antigens.
Since little is known about the possibility of genetically modifying dendritic cells derived from leukemic blasts, we evaluated the
possibility of transducing primary leukemic blasts that were then
induced to differentiate into dendritic cells. AML cells were cultured in the presence of GM-CSF, IL-3 and SCF for 24 hours and
then transduced with a retroviral vector encoding human IL-12.
Only transduced cells produced large amount of IL-12 as evaluated by ELISA. Transduced and not transduced blasts were cultured for an additional 5-7 days in the presence of GM-CSF, IL-4
and TNF-α to obtain cells morphologically and phenotypically
indistinguishible from immature DC. They expressed DC-related
markers ( CD1a, HLA-DR, CD80, CD86, CD40) and were fully competent to induce proliferation of allogeneic T cells. Notably, DC
derived from transduced blasts were still capable of producing
large amounts of IL-12 whereas low levels of IL-12 were produced by DC derived from not transduced blasts. Bioassays were
performed to evaluate the biological activity of IL-12 produced by
DC derived from transduced blasts. Similarly to recombinant IL12, secreted IL-12 induced proliferation of PHA-stimulated MNCs
and enhanced NK-mediated cytotoxicity of K562 cells. These data
demonstrate that 1) primary AML cells can be transduced with a
retroviral vector encoding IL-12 genes; and 2) transduced AML
blasts can be induced to differentiate into functionally competent
DC which are capable of secreting biologically active IL-12. These
results point to the possibility of using such gene-transduced
leukemic DC as a vaccine in which IL-12 production will not be
down-regulated by leukemia-associated suppressor factors such
as VEGF or PGE2.
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PO20
A HIV-1 POL GENE DERIVED SEQUENCE (CPPT/CTS) INCREASES THE
EFFICIENCY OF TRANSDUCTION OF HUMAN NON-DIVIDING MONOCYTES AND
T-LYMPHOCYTES BY LENTIVIRAL VECTORS
Manganini M,* Serafini M,*° Bambacioni F,° Casati C,°
Erba E,* Follenzi A,@ Naldini L,@ Bernasconi S,* Gaipa G,°
Rambaldi A,# Biondi A,° Golay J,* Introna M*
*Istituto di Ricerche Farmacologiche "Mario Negri", Milano,
Italy; °Center "M. Tettamanti", Clinica Pediatrica Università di
Milano Bicocca, Ospedale San Gerardo, Monza, Italy; #Division
of Hematology, Ospedali Riuniti di Bergamo, Bergamo, Italy;
@Institute for Cancer Research and Treatment, University of
Torino, Candiolo, Italy
We have investigated the capacity of two HIV-1-derived
lentivectors differing for the presence of a 118 bp pol fragment
containing the cPPT/CTS element to transduce human normal
primary cells of different hematopoietic lineages. Infection of
resting monocytes at high multiplicity of infection (MOI > 10)
revealed that the lentivirus carrying the pol fragment (cPPT) is
very effective, transducing 75 % of cells compared to 36 % for
the no cPPT vector. Even at low MOI (*1) the cPPT vector still
shows a better transduction efficiency than the cPPT. Moreover,
transduction does not require dendritic cell differentiation. In
contrast, infection of non-activated T-lymphocytes showed that
both vectors, tested at high MOI, can transduce a very small
although measurable percentage of cells (up to 10 % in the best
of our conditions) which may correspond to G1a activated cells
detected by simultaneous staining of DNA and RNA, in our cultures in the presence of medium alone. Furthermore, we show
that the sole addition of IL-2 or IL-15 represents a full proliferative signal in our conditions and permits high transduction efficiency (up to 30% with cPPT vector and 15% with the no cPPT).
Still higher transduction of T lymphocytes can be achieved following stimulation with PHA and IL-2 (up to 78 % with cPPT versus 42 % with no cPPT vector). Finally, both viruses do not transduce at all either resting or proliferating tonsillar B lymphocytes,
even though they show high transduction efficiency in B lymphoma cell lines.

PO21
HERPES SIMPLEX VIRUS-TK TRANSDUCED T LYMPHOCYTES: HOMING AND
RESISTANCE TO GANCICLOVIR
Di Ianni M, Terenzi A, Di Florio S, Falzetti F, Falini B, Tabilio A
Dept. of Clinical and Experimental Medicine, Haematology
and Clinical Immunology Section, University of Perugia,
Perugia, Italy
The herpes simplex virus thymidine kinase (HSV-tk) gene
which confers ganciclovir-specific sensitivity to transduced cells,
might control graft-versus-leukemia (GvL)/graft versus host disease (GvHD). Human T-lymphocytes were engineered with with
an LSN-tk retroviral vector encoding tk and neomycin resistance
(NeoR) genes. 80×106 tk+ lymphocytes were injected intraperitoneally in NOD-SCID mice, with no acute toxicity. Engraftment
was evaluated by human CD45+/CD3+ cytofluorimetric analysis
at day +5. Tk and NeoR-based PCR on peripheral blood, bone
marrow, liver, thymus and spleen were performed at the same
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time points. After 14 days ganciclovir treatment (10 mg/kg daily), cytofluorimetric analysis and PCR were repeated (day +19).
Immunohistological studies with an anti-CD3 MoAb followed
by APAAP staining were also performed on spleen and liver at
the same time-points. Cytofluorimetric studies showed the
engraftment of human CD45+/CD3+ cells in all tissues at day +5.
Immunohistological staining showed human CD3+ cells were
present in the spleen and liver of the injected mice at day +5. In
particular, lymphocytes home to the white pulp T-cell area and
to the red pulp; localization in the liver is prevalently at periportal area. PCR confirmed cytofluorimetric and immunohistological results for both (tk and NeoR) examined genes. After
ganciclovir treatment (day +19) cytofluorimetric analysis showed
very few CD3+ cells and scattered human CD3+ cells were detected by immunohistology. PCR identified the transgene in 22% of
all tissue samples (only thymic and splenic samples were positive) irrespective of whether NeoR or tk primers were used. These
data clearly demonstrate: 1) elevated doses of human CD3+ cells
engraft in NOD/SCID mice; 2) after ganciclovir treatment very
few CD3+ cells are detected by cytofluorimetric analysis,
immunohistological staining and PCR; 3) these rare lymphocytes, which escape treatment, can be detected in the thymus
and in the spleen at day +19 in 22% of tissue samples; 4) lack
of response to ganciclovir was not due to tk gene deletion.

PO22
REAL TIME POLYMERASE CHAIN REACTION TO QUANTIFY THE EFFICIENCY
OF RETROVIRAL VECTOR T-LYMPHOCYTE TRANSDUCTION
Venditti G, Di Ianni M, Moretti L, Del Papa B, Tabilio A
Dept. of Clinical and Experimental Medicine, Haematology and
Clinical Immunology Section, University of Perugia, Perugia
In the present study we tested the validity of nucleic acid
quantification with real time PCR in a model to determine
whether it is suitable for quantifying a retroviral transgene such
as neoR which is widely used in experimental and in clinical protocols. We transduced human T-lymphocytes with a retroviral
vector (LSN-tk) encoding the herpes simplex virus thymidine
kinase (tk) and the neomycin resistance (NeoR) genes. A TaqMan
probe was designed to hybridize with neomycin resistance gene
(NeoR). The PCR product is 64 nucleotides long and is readily
quantified by TaqMan probe binding. Ten transduction procedures were performed. PCR analysis was done soon after transduction and repeated after the selection procedure. Seven days‘
selection with 0.6 mg/ml G418 yielded a cell population that was
killed in vitro by 10 days treatment with 1mg/mL ganciclovir.
Cells samples were analyzed by semiquantitative PCR and by
real time quantitative PCR. The table shows the results on days
+7 (transduced cells) and +14 (transduced/selected cells). Reproducibility, as assessed by the low standard deviation, was better with the TaqMan technique for both transduced and transduced/selected cells. Values obtained with real-time PCR were
always within the range indicated by the semiquantitative PCR.
Accuracy was the same whether the analysis was performed at
the highest or the lowest rate of transduction. Transduction efficiency was precisely assessed by the TaqMan method at both
high and low rates of infection. In order to evaluate the kinetics of the enrichment of transduced cells during G418 selection,
we used real-time PCR to analyze the percentages of neoR positive cells during the seven days selection. They remained almost
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equal to the starting fraction during the first 4-5 days’ selection
and the transduced populations were enriched by up to 100%
over the last two days. Precise quantification of the percentages
of cells transduced by the retroviral vector could have major
implications in gene therapy studies.

PO23
EFFECTS OF TRICHOSTATIN A ALONE OR IN COMBINATION WITH
5'AZACYTIDINE ON TRANSGENE SILENCING OF THE RETROVIRALLY
TRANSDUCED U937 CELL LINE
Bartoli A, Fettucciari K, Fetriconi I, Rossi R, Tabilio A,*
Di Ianni M,* Marconi P
Department of Clinical and Experimental Medicine, General
Pathology and Immunology Section and * Department of
Clinical and Experimental Medicine, Hematology and Clinical
Immunology Section, University of Perugia, Perugia, Italy
Eukaryotes elaborate complex defenses to protect the structure of their genomes and oppose the expression of abnormal or
alien transcription units. In mammals the insertion of retroviral
DNA or repeat arrays can trigger transcriptional silencing of the
inserted sequences, usually via methylation of DNA within regulatory sites and histone deacetylase recruitment in transcriptional repressing domains. Both mechanisms are involved in the
loss of the expression of exogenous gene, transferred into cells
for therapeutic purposes. To analyze gene silencing mechanisms
and assess whether potential pharmacological treatments affect
gene silencing kinetics we transduced U937 myelo-monocytic
cells with a bicistronic retroviral construct carrying the herpes
simplex virus tymidine kinase (HSV-TK) and β-galactosidase
(Lac-Z) genes. This vector was chosen since it can be employed
in vivo to render transduced cell populations susceptible to gan-
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ciclovir. Our previous results demonstrated that retroviral transduction of U937 cells originates clones with different transgene
expression, but similar silencing kinetics and sensitivity to reactivation by the demethylating drug 5'azacytidine (5'azaC). In this
study we verified the effect of the histone deacetylase inhibitor,
trichostatin A (TSA), alone or in combination with 5'azaC. Our
results indicate that TSA is able to reactivate transgene expression in vitro, more efficiently and with quicker kinetics (12-24h)
than 5'azaC (36-48h). The effect is dose dependent (between 1
and 50nM), whereas higher concentrations exert toxic effects.
The treatment with both drugs has synergic potential in gene
reactivation in terms of extension and persistence, with low toxicity and no relevant differentiating effects. The cells in which
transgene expression has been reactivated again undergo progressive silencing, but further reactivations can be achieved by
drug administration. Moreover, once weekly treatment with
drugs can maintain high transgene expression levels for more
than 90 days without any evidence of selection. To verify
whether transgene reactivation potential could be related to
differentiation levels, we treated U937 transduced clones with
TSA and/or 5'azaC together with IL-3, G-CSF or GM-CSF
cytokines. Our results indicate that transduced U937 differentiation in granulocyte direction does not affect basal expression
levels, but renders these cells more responsive to reactivation by
TSA or TSA plus 5'azaC, but not to 5'azaC alone. In conclusion
our results suggest that the inhibition of histone deacetylase by
TSA is able to interfere with gene silencing mechanisms affecting MoMuLV LTR driven transgene expression. Such mechanisms
are also related to DNA methylation. TSA and/or 5'azaC administration in animal models could allow verification of its in vivo
efficiency, providing relevant suggestions for the assessment of
useful drug treatments able to sustain transgene expression in
gene therapy protocols based on retroviral vectors.
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Cellular Cycle

low incidence of multidrug resistance related proteins in acute
promyelocytic leukemia suggesting that especially these patients
can take advantage of use of CD33-calicheamycin immunoconjugate, the efficacy of which seems reduced in MDR positive
acute myeloid leukemias.

PO24

PO25

ACUTE PROMYELOCYTIC LEUKEMIA: LOW EXPRESSION OF MULTIDRUG
RESISTANCE PHENOTYPE AT ONSET SUGGESTS A FAVORABLE EFFECT OF
GEMTUZUMAB OZOGAMICIN (CMA-676)

EXPRESSION OF MINICHROMOSOME MAINTENANCE PROTEINS
DURING MEGAKARYOCYTIC DIFFERENTIATION

Damiani D, Candoni A, Michelutti A, Michieli M, Geromin A,
Masolini P, Michelutti T, Fanin R
Division of Hematology and Bone Marrow Transplantation,
University Hospital, Udine (Italy)
Drug resistance still remains a major cause of treatment failure in acute leukemia and has a number of mechanisms, including the overexpression of transmembrane transport proteins. In
particular the overexpression of P-glycoprotein (PGP), acting an
energy-dependent efflux pump able to decrease intracellular
concentration of cytotoxic drugs, has been related to treatment
failure in acute myeloid leukemia. On this basis in the past years
new drugs has been developed with the aim to escape the action
of efflux pump proteins: more lipophilic compounds, multidrug
resistance (MDR) modifiers, liposome-encapsulated anthracyclines. In the past two years antigen-specific targeting systems
have been employed, in which anticancer drugs are selectively
delivered on cell membrane, reducing systemic toxicity (gentuzumab ozogamicin). However recent observations seem to
demonstrate a role of PGP in clinical response to gentuzumab
ozogamicin suggesting that also calicheamicin is a substrate of
MDR1 gene mediated resistance (Linenberger et al, 2001). We
studied the expression of three drug transporter proteins
involved in MDR (PGP, MRP, LRP) in leukemic blast cells of 33
patients (pts) with acute promyelocytic leukemia at onset (APL)
admitted to our Department of Hematology from 1989 to 2001.
PGP, MRP and LRP expression was evaluated by flow cytometry
using the MRK-16, MRP-m1 and LRP-56 antibodies, as previously described. Results were given as the mean fluorescence
index (ratio between the mean fluorescence channel of the cells
incubated with the specific antibody and the mean fluorescence
channel of its negative control incubated with an irrelevant isotypic antibody). As previously reported blast cells were considered as positive when MFI was higher than 6 for PGP, higher than
3 for MRP and higher than 5 for LRP; MDR-related proteins
function was confirmed by a flow cytometry daunorubicin retention test as previously described (Michieli et al, 1996). In this
series 32/33 (97%) pts had de novo APL, 1/33 developed
leukemia after chemotherapy treatment for breast cancer. Median age was 40 years (range 17-72 years). The cytologic APL diagnosis was confirmed by karyotypic and/or molecular evidence of
the t(15-17) on blast cells. Of the 33 patients, 26 (79%) had low
white cell count; 7/33 (21%) pts had a WBC count > 10×109/L.
CD34 antigen was detected in 25/33 (76%) cases; all pts
expressed CD33 antigen in more than 80% of blast cells with
high intensity. MRP overexpression was never found, only one pt
(with secondary APL) showed PGP overexpression and one
patient had LRP-MFI exceeding that of cell lines used as negative controls. Functional studies confirmed high daunorubicin
retention in all but one pt. In conclusion these data confirm the
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Mattia G, Barca A, Milazzo L, Vulcano F, Macioce G,
Sandini S, La Valle R, Giampaolo A, Hassan HJ
Department of Clinical Biochemistry, Istituto Superiore
di Sanità, Rome, Italy
Genome replication occurs only once per cycle and the rate
of synthesis is regulated by the accumulation of MCM
(minichromosome maintenance) proteins (MCM2-7). These proteins are involved in the regulation of the genome replication
times, by putting the origin recognition complex (ORC) into an
initiation-competent state at G1-phase to start DNA replication. Megakaryocytes (MKs) are unique among mammalian marrow cells, since during their differentiation program they leave
the diploid state (2N) to synthesise 4-64 times the normal DNA
content within a single nucleus. Regulation of DNA replication
times has been scarcely investigated in these cells. We analyzed
the expression pattern of the main MCM components (MCM
2,3,4 and 5), both at mRNA and protein levels in CD34+ cells purified from peripheral blood and induced to generate MK cells in
the presence of thrombopoietin (Tpo) alone or Tpo and stromal
cell derived factor-1α chemokine (SDF-1α). In our culture conditions, MKs showed up-regulation of mRNA expression of MCM
2, 3, and 4 from proliferative to endomitotic phase, whereas low
and constant MCM5 gene expression was found. Confocal
microscopy analysis showed high expression of MCM2 and 3
proteins at nuclear level, in all differentiative stages (diploid and
polyploid); the absence of cell cycle regulated degradation of
these proteins was demonstrated by their presence, also during
mitosis, localized in the cytoplasm and out of the chromatin
area. SDF1-α chemokine was able to synergize with Tpo to
increase megakaryocytic polyploidization. When CD34+ cells
were induced to differentiate along the megakaryocytic lineage
in the presence of SDF1-α in addition to Tpo, further increase
of MCM mRNA expression was found. Our results suggest that
MCM proteins are necessary for DNA entry into S-phase in the
megakaryocytic cells and increased expression of MCM 2 and 3
components could be relevant to regulate the time of S-phase
in polyploidizing MKs with high DNA content.
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Stem Cell Transplantation
PO26
LONG-TERM FOLLOW-UP OF NORMAL DONORS WHO RECEIVED
RECOMBINANT HUMAN GRANULOCYTE COLONY-STIMULATING
FACTOR (RHG-CSF): A SINGLE CENTER EXPERIENCE
Martino M, Console G, Irrera G, Stilo C,* Bresolin G,*
Messina G, Pontari A, Fujo M, Callea I, Mandaglio R,
Dattola A, Morabito F, Iacopino P
Centro Trapianti Midollo Osseo, *S.I.T., Azienda Ospedaliera
"B.M.M.", Reggio Calabria
Recombinant human granulocyte colony-stimulating factor
(RhG-CSF), which is widely used to mobilize peripheral blood
stem cells (PBSC) from normal donors, has led to the use of PBSC
as a major alternative to bone marrow for patients undergoing
allogeneic transplants. The short-term effects after rhG-CSF
administration are well know and manageable. In contrast, data
on long-term safety of G-CSF administration in normal PBSC
donors are scarce and the main theoretical risk is believed to be
the possible, late development of acute or chronic leukemia or
other non-hematologic disorders. We conducted a survey of the
PBSC donors enrolled at our institution between 1995 and 2000.
This time period was selected to ensure adequate long-term follow-up. A total of 40 PBSC donors, 21 males and 19 females,
were included in the database. The mean age at donation was
46 years (range 16-63) and mobilized by a median dose of GCSF of 9.3 mg/kg/day (6.0-15.3) for 4-6 days and a total of 98
aphereses were performed. The donors were interviewed by telephone. The median follow-up after PBSC donation was 33.4
months (range 13.8- 77.2), 100 % had at least one year of follow-up. At the time of interview none of the donors had been
diagnosed with acute or chronic leukaemia or others malignant
disorders. One donor developed a cardiac disease two years after
the PBSC collection. In conclusion, although the sample size is
small and the follow-up is limited, these data suggest that brief
exposure to G-CSF during PBSC donation is not associated with
any obvious or striking long-term risk for the development of
leukemia or other non-hematologic diseases. However, longer
follow-up is required.

PO27
A SHORT COURSE OF RECOMBINANT-HUMAN GRANULOCYTE-COLONY
STIMULATING FACTOR CAN MOBILIZE ALLOGENEIC PERIPHERAL BLOOD
STEM CELL FROM HEALTHY DONORS
Martino M, Console G, Irrera G, Messina G, Pontari A,
Dattola A, Ramirez F, Callea I, Fujo M, Mandaglio R,
Morabito F, Stilo C,* Bresolin G,* Iacopino P
Centro Trapianti Midollo Osseo, *S.I.T., Azienda Ospedaliera
“B.M.M.”, Reggio Calabria, Italy
An important issue in allogeneic peripheral blood stem cell
(Allo-PBSC) transplantation is the optimization of the regimen
of mobilization of progenitor cells from normal donors. From
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January 1999 to April 2002, a short-course administration of
recombinant human granulocyte colony stimulating factor (r-Hu
G-CSF) was evaluated in a total of 44 healthy peripheral blood
stem cell (PBSC) donors, 25 males and 19 females, median age
46 years (16-63), with a target of collecting from the peripheral blood > 3 × 106 CD34+ cells per kg of body weight of the
recipient. R-Hu G-CSF (lenogastrim or filgastrim) was given subcutaneous at a median dose of 10.7 µg per kg per day (range 6.717) in two divided doses over 3 days and was followed by analysis of CD34+ cells 12 hours after the last dose. A median of 43,9
circulating CD34+ cells per µL (range, 8.8-52.7) was found in
the 44 donors after six doses of r-Hu G-CSF. In 28 donors of our
series we performed the first apheresis on the 4th day, achieving a median CD34+ cell collection of 4,2 × 106 (range 1,4-12,4)
per kg of body weight of the donor and 4,5 × 106 per kg of body
weight of the recipient (range 1.3-17). In this cohort of donors
a median of 2 procedures (range 0-4) and were performed 13.5
L (range 9-18) exchanged and WBC increased to a maximum of
44 × 109/L (mean 36,5+10.6) on 4th day; reinfusion of autologous
platelet-rich plasma, because of donor platelet-count <80 ×
109/L, was not necessary in any case. In 18 (64.2 %) of 28 donors,
a single procedure was sufficient to collect the target CD34+
cells; only 1 donor failed the mobilization. In conclusion a schedule consisting of 3-day administration of r-Hu G-CSF followed
by a single apheresis can be proposed to and widely accepted by
healthy donors, as 64.2 percent of them reach the target in the
estimated time with a reduced drug exposure, with a lower risk
of short-term or long-term adverse effects. The cost of the procedure is reduced, in terms of both the growth factor administration and the number of apheresis procedures.

PO28
DENDRITIC CELL RECOVERY AFTER ALLOGENEIC STEM CELL
TRANSPLANTATION
Stocchi R, Damiani D, Masolini P, Michelutti A, Geromin A,
Sperotto A, Skert C, Tomadini V, Cerno M, Baccarani M,
Fanin R
Chair and Division of Hematology, Bone Marrow Transplant
Unit, Department of Medical and Morphological Research,
University Hospital, Udine, Italy and Institute of Hematology
and Medical Oncology “L. and A. Seràgnoli”, University Hospital,
Bologna, Italy
Dendritic cells (DC) are the most powerful antigen-presenting cells (APC) in inducing T cell activation. Two subsets of DC
have been recently identified: DC1 are myeloid and activate Thelper 1; DC2 are lymphoid and activate T helper 2. Previous
observations showed that blood DC numbers may be altered in
certain disease states, so we investigate the role of DC in allogeneic stem cell transplant (ASCT). DC recovery was studied in
25 patients [median age: 37(19-49)] undergoing ASCT for acute
leukemia (n=18) and chronic myeloid leukemia (n=7) from HLAmatched unrelated donors. The conditioning regimen consisted
of TBI 200cGy twice daily (day –7 to –4) and cyclophosfamide
60 mg/kg daily (day –3 to –2). GVHD prophylaxis consisted of
cyclosporine-A (CSA) and a short course of methotrexate (MTX).
DC were evaluated in the harvested bone marrow (BM) before
infusion and in the recipient peripheral blood (PB) before starting the conditioning regimen, at day 0, at day +7, at time of
hematologic recovery and thereafter monthly until 1 year post-
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transplantation or after clinical requirement. DC1 (CD11c+, lineage negative, HLA-DR positive: myeloid origin) and CD2
(CD123+, lineage negative, HLA-DR positive: lymphoid origin)
subsets were identified by flow cytometry using a 3-color assay
on lysed whole blood to minimize selective loss. The absolute
number of DC was calculated from the WBC count multiplied by
the proportion of each subpopulation among the WBC, as determined by flow cytometric analysis. Hematologic recovery
occurred in all patients. BM grafts contained 3-4 time concentration of DC2 than DC1 cells (mean DC2: 21.5 plus/minus12
×106/L; mean DC1: 5.4 plus/minus 4.6 ×106/L. Patients received
a mean of 2.4 plus/minus 0.01 ×106/kg CD34+ cells, a mean of
0.09 plus/minus 0.01 × 106/kg DC1 and a mean of 0.34
plus/minus 0.1×106/kg DC2. Before conditioning regimen, the
mean number of both DC1 and DC2 was lower than in normal
donors (3.0 ± 0.1 and 2.9 ± 0.1 versus 6.0 ± 0.5 and 6.7 ± 0.5).
On day 0 and on day +7, both DC populations were not
detectable. DC could be counted between day +20±30 at time
of hematological recovery (1.9 ± 0.2 and 1.4 ± 0.1, respectively). Blood DC reconstitution could be followed for 6 months in
all patients: DC1 and DC2 reached pre-transplant levels within
day +90. Five patients (studied up to 1 year) showed normal levels of DC at 6 months (DC1=6.0±3.2, DC2=5.75±2.8). Patients
who developed acute GVHD (9/25) had lower absolute DC1 and
DC2 number (DC1: 0.5 ± 0.1×106/L versus 4.1 ± 1.0; DC2: 0.2 ±
0.1×106/L versus 3.6 plus/minus 1.0), but significantly higher
DC1/DC2 ratio, compared to patients without GVHD (68
plus/minus 8 versus 1.8 ± 0.2, p=0.001). The role of DC in inducing regulatory T-cells, in generating peripheral tolerance and
finally in conditioning stem cell transplantation outcome is still
not completely understood. ASCT is known to alter the immune
response in recipients and also the regeneration of APC could
influence immune reactivity. We evaluated DC content in BM
harvests and in PB of allogeneic patients. In our patients DC
were never detectable on day 0 and on day +7 so, it is difficult
to attribute the immunological effect in recipients only to graft
DC. Considering that the conditioning regimen leads to a significant reduction of host APC and that acute GVHD coincides
with hematologic recovery it is conceivable that post-transplant
APC derives from transplanted CD34 progenitor more than from
the expansion of graft DC or from the persistence of host DC. If
compared with dendritic cell recovery in autologous patients
(data not shown), DC recovery in allogeneic patients was delayed,
probably due to immunosuppression. Besides, several other factors could influence blood DC number. Infections and chronic
GVHD can reduce DC by increasing the exit rate from blood to
inflammation site or lymph nodes. The role of prolonged
immunosuppressive or steroid therapy is still to be investigated.
The reason of the DC1/DC2 ratio increase in patients with GVHD
remains to be explained. It could be the cause or the consequence of GVHD or reflect different frequencies of DC1 and DC2
committed progenitor in BM and PB. Wider series of patients are
needed in attempt to evaluate whether strict monitoring of dendritic cell subsets can predict GVHD or relapse permitting the
right moment of immunosuppression or immunotherapy to be
moldulated.
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PO29
NEW PREPARATIVE REGIMEN FOR BONE MARROW TRANSPLANTATION IN
CLASS 3 YOUNG AND ADULT THALASSEMIC PATIENTS
Sodani P, Gaziev D, Erer B, Giardini C, Polchi P, Baronciani D,
Visani G, Lucarelli G
Unità Operativa di Ematologia e Centro Trapianto Midollo
Osseo di Muraglia, Azienda Ospedaliera S. Salvatore,
Pesaro, Italy
In April 97 we adopted a new Protocol for the class 3 thalassemic patients called Protocol 26. In this protocol we have
extended the conditioning regimen starting on day -45 from the
transplant with hydroxyurea 30mg/Kg and azathioprine 3mg/Kg
given daily until day -11, fludarabine 20 mg/m2 given from day
-17 to day -11. Both groups of the Class 3 patients, young and
adults, received busulphan 14 mg/Kg starting on day - 10. Following the busulphan, in Class 3 patients aged less than 17 years
, for whom the major problem was not the excess of toxicity, but
the increased number of patients returning thalassemic after
the transplant, the cyclophosphamide total dose remained 160
mg/Kg. In Class 3 patients older than 16 years, for whom the
major problem was toxicity, but not return of the disease, the
total dose of cyclophosphamide was reduced to 90 mg/Kg. In the
group of 31 Class 3 young thalassemic patients, two (7%), rejected the transplant and returned thalassemic and one died (4%).
In the group of 14 adult Class 3 thalassemic patients, 4 died, two
returned thalassemic, with 70% survival and 57% thalassemiafree survival. At 1723 days, nearly 5 years after the transplant,
survival was 97% and thalassemia-free survival 90%.

PO30
IN VIVO EXPANSION OF HEMATOPOIETIC PROGENITORS WITH
GRANULOCYTE COLONY-STIMULATING FACTOR PLUS ERYTHROPOIETIN
AND DOUBLE REINFUSION OF PERIPHERAL BLOOD PROGENITOR CELLS
AFTER HIGH-DOSE THERAPY
Olivieri A, Spitaleri L, Gini G, Montanari M, Capelli D,
Lucesole M, Scortechini I, Poloni A, Masia MC, Leoni P
Clinica Ematologica, Ospedale Regionale di Torrette
PBPC autotransplant represents a curative option for many
hematologic malignancies and this source signficantly reduces
the risks of autotransplantation by shortening the aplastic phase
after high dose therapy (HDT). However many patients still experience serious infectious complications and require transfusion
support during the profound aplastic phase, which usually
requires a median hospital stay of two weeks. Some approaches aimed to furthe shorten or eventually to completely abrogate
the aplastic phase after HDT, using ex vivo expanded commissionated hematopoietic progenitors (HP), in some cases significantly reduced the platelet support, but did not substantially
show any benefit in terms of the clinical outcome of patients and
in terms of cost-benefit analysis. We treated 21 patients with
HDT including high dose melphalan (HDM), followed by the association of EPO+filgrastim at the dose of 10,000 U and 5µg/kg
respectively, starting from day +1 until day+14 and in 8 of these
patients we split the cryopreserved PBPC into two aliquots reinfusing the first part (at least 5 × 10/ kg PBPC) at day 0, and the
second part (at least 2,5 × 10/kg PBPC) at day +3. All 22 patients
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received a median number of 6,66 ×106 CD34+/Kg (range 2,7128,6 ×106/Kg). Eighteen patients were male and 3 female; the
median age was 57 (23-73); the previous CHT regimens ranged
from 2 to 5 (median 2) and the conditioning regimen included
in 12 (affected by MM ) HDM 200mg/m2; in 7 (affected by NHL)
BEAM and in 2 (affected by ANLL) the BU-melphalan association. The median time to achieve PMN> 500 was 10 days (range
8-11); platelets > 20,000 13 days (range 10-29). The median
duration of severe neutropenia was 3 (<100 PMN/µL) and 4
(<500 PMN/µL) days; the median number of days with fever
>38° was 0 (range 0-5); the median number of days of antibiotic therapy was 0 ( range 0-10 ). The median number of PLT
transfusions was 1 (range 1-7) and RBC transfusions was 0
(range 0 - 6). Finally the median number of days in hospital was
11 (range 2-14). With a median follow-up of 3 months all
patients are alive and well and show complete and sustained
engraftment. We did not observe any significant extra-hematologic toxicity during the post-transplant period and only one
patient suffered grade 3 mucositis for 3 days. This simple
approach, combining the early joint administration of EPO+GCSF with a double reinfusion of PBPC can effectively make outpatient autotransplantation feasible in a large population by
reducing the risk and the cost of this procedure.

PO31
MESENCHYMAL STEM CELLS INHIBIT ANTIGEN -SPECIFIC MEMORY AND
NAIVE T CELLS VIA CTLA-4 UP-REGULATION
Krampera M,°* Glennie S,° Ruthline L,° Dyson J,° Scott D,°
Simpson E,° Dazzi F°
°Departments of Immunology and Transplantation Biology,
Imperial College Faculty of Medicine at HH, London, UK;
*Dipartimento di Medicina Clinica e Sperimentale,
Sezione di Ematologia, Università di Verona, Italy
Mesenchymal stem cells (MSC) are cells of stromal origin characterized by the ability to differentiate into various types of connective tissues and thus involved in tissue turnover and repair.
Recent findings obtained in the clinical setting and in animal
models have shown that MSC infusion enhances engraftment of
hematopoietic stem cells and prolongs allogeneic skin graft survival. We hypothesized that this effect could be mediated by an
inhibitory effect of MSC on antigen-specific immune responses.
To address this question we assessed the effect of MSC on the in
vitro immune response to the HY minor histocompatibility transplantation antigen by naïve and memory HY-specific T-cells. This
system recapitulates the immune responses occurring after allogeneic stem cell transplantation and is well equipped to thoroughly dissect its molecular events. Spleen cells from maleimmunized female mice were the source of memory T-cells.
Spleen cells from mice transgenic for a HY-specific T-cell receptor (C6) provided naïve T-cells. Responder cells were stimulated
in vitro with male spleen cells or HY peptides in the presence or
absence of MSC. The response was measured by T-cell proliferation, cytotoxicity, and IFN-γ production. HY-specific T cells were
enumerated by HY peptide-MHC tetramer complexes. We
observed that MSC inhibited HY-specific T-cell response in a
dose-dependent fashion. The inhibition was equally detectable on
naïve as well as on memory T cells and affected cell proliferation,
cytotoxicity, IFN-γ production and antigen-specific T-cell expansion. In order to ascertain the possible mechanisms of MSC inhi-
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bition we investigated whether a cell-to-cell contact is required.
For this purpose MSC were added to the MLR in a transwell. Only
a minor inhibition was observed, suggesting that MSC require a
physical interaction to exert their inhibitory effect. The interaction does not involve MHC molecules because the MSC inhibitory effect occurred also using a MSC line which neither expresses nor upregulates MHC class I molecules. Of utmost interest
was the finding that MSC induce early expression of CTLA-4 on
antigen-specific T-cells. The effect is antigen-dependent as it
could not be observed in the absence of the specific antigen. We
conclude that bone marrow derived MSC exert a profound
inhibitory effect on antigen-specific naïve and memory T-cells.
This effect requires a cell contact mechanism. We believe that
MSC render antigen-specific T-cells more susceptible to nonresponsiveness by inducing CTLA-4 upregulation.

PO32
NON-MYELOABLATIVE ALLOGRAFTING FOLLOWING AUTOGRAFTING IN MULTIPLE MYELOMA: A REPORT OF 14 CASES
Musto P, Beltrami G, Corsetti MT, Carella AM Jr,
Scalzulli Potito R, Greco M, Carella AM
Unit of Hematology and Stem Cell Transplantation, IRCCS
"Casa Sollievo della Sofferenza" Hospital, S. Giovanni Rotondo,
Italy
Allogeneic stem cell transplantation is a potential curative therapeutic option for multiple myeloma patients. However, high
treatment-related mortality after conventional allografting has
been reported for these patients. Immune-mediated graft vs
myeloma (GVM) effect is under study as a therapeutic tool for producing remissions in multiple myeloma patients. On the other
hand, previous experiences have demonstrated that the curative
potential of allografting is affected by the remission state in which
the procedure is carried out. For these reasons, we designed a
strategy to reduce disease in myeloma patients using autografting and then inducing GVM using non-myeloablative allografting.
We report here the outcome data of this combined procedure in
14 patients (8 males and 6 females), so far treated at our Institution. Median age was 47 years (range 37-62). At diagnosis all
patients had stage III disease. Ten patients were treated after a
single line of cytoreductive chemotherapy (usually VAD or VADrelated regimens), while the remaining 4 subjects had previously
received more than one treatment. Patients received high-dose
therapy with melphalan (140 mg/m2), followed by previously
mobilized (using cyclophosfamide 3 g/m2 plus G-CSF) autologous
peripheral blood stem cells (PBSC). After a median of three
months, the patients received allogeneic non-myeloablative stem
cell transplant (NST): 6 patients received an immunosuppressive
regimen consisting of fludarabine 30 mg/m2/d × 3 days with
cyclophosphamide 300 mg/m2/d × 3 days (Flu-Cy); 8 patients
were conditioned with fludarabine 30 mg/m2/d × 3 days followed
by TBI 200 cGy (Flu-TBI). At NST 2 patients were in complete
remission (CR), 8 patients in partial response (PR) and 4 patients
had progressive disease (PD). At a median of 285 days from NST
(range: 116-616), full chimerism was achieved in 1/6 patients
who received the Flu-Cy protocol and in 7/8 patients conditioned
with Flu-TBI. Sustained mixed chimerism was observed in 1/6
patients of the Flu-Cy group and 1/8 patients who received FluTBI. Eight patients received donor lymphocyte infusion after NST
because of absence of complete chimerism, PD or both. After NST
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4 patients with PR achieved a CR and 3 additional patients (2 of
whom with PD) had a remarkable reduction of plasma cells in the
bone marrow. One patient died with PD and acute GVHD, while 3
patients died from progression at 158, 215, 303 and 446 days
from transplant, respectively. These data demonstrate the feasibility and the possible efficacy of this novel combined approach
which reduces acute toxicities of conventional allografting even
in high-risk myeloma patients.

PO33
INTRA-BONE INJECTION OF BONE MARROW AND CORD BLOOD CELLS.
AN ALTERNATIVE WAY OF TRANSPLANTATION
Castello S,* Magrassi L,° Menditto VG,# Figari O,*
Frassoni F*
*Divisione di Ematologia II, Ospedale San Martino, Genova;
°Neurochirurgia Dipartimento di Chirurgia, Università di Pavia,
IRCCS Policlinico S. Matteo, Pavia; #Istituto di Clinica Medica
Generale, Università degli Studi di Ancona
Intravenous (IV) injection is the current way of transplanting
hematopoietic cells. In the mouse model it is known that the
seeding efficiency is around 8-10%.1 Intra-bone marrow (IBM)
injection of bone marrow cells (BMCs) may overcome this problem. Thus we aimed to verify the efficiency of engraftment of
IBM transplantation versus IV transplantation using the mouse
model. We injected donor-derived hematopoietic cells via the tail
vein (IV) or directly into the recipient tibia (IBM). Briefly, the
IBM injection consists in the flexion of the mouse’s knee and the
insertion of a 27-gauge needle into the joint surface of the tibia through the patellar tendon and than into the bone marrow
cavity. We used two experimental mouse models: 1) BMCs harvested from transgenic mice (5 to 8 weeks old) expressing an
enhanced version of the green fluorescent protein (EGFP)2 were
injected in sub-lethally irradiated (median 750rad, range 650850rad) C57Bl6 recipient mice (5 to 8 weeks old); 2) human
whole cord blood (CB) cells were injected into sub-lethally irradiated (median 330rad, range 330-360rad) NOD/LtSz-scid/scid
(NOD/SCID)3 recipient mice (5 to 8 weeks old). C57Bl6 mice
(n=18) were transplanted with 105 EGFP+ whole BMCs via IBM
(10 mice) or with 106 EGFP+ whole BMCs via IV (8 mice). Femora and tibias were harvested 3 and 5 months post-transplantation, and their content of EGFP+ cells was quantified by their
intrinsic EGFP fluorescence using one-color flow cytometry
(Table 1). At the 3rd month post-transplantation the fraction of
EGFP+ cells in the femora and tibias was 37% and 53% in IVtreated and IBM-treated mice respectively. At the 5th month
post-transplantation the fraction of EGFP+ cells in the femora
and tibias was 20% and 16% in the IV-treated and the IBMtreated mice respectively. Considering that the number of the
cells injected in the IBM group was 1 log less than the number
of the cells injected into the IV group, it is evident that the
expansion of the injected EGFP+ cells is higher in the IBM-transplanted mice (2940 and 1200-fold respectively 3 and 5 months
after transplantation) than in the IV-transplanted mice (190 and
114-fold respectively 3 and 5 months after transplantation).
NOD/SCID mice (n=14) were transplanted with 0.5-1×106
human whole CB cells (containing 0.004×106 CD34+ cells) via
IBM (8 mice) or with 107 whole CB cells (containing 0.04×106
CD34+ cells) via IV (6 mice). Femora and tibias were harvested
30 and 60 days after transplantation and analyzed by one-colour

flow cytometry. The percentage of CD45+ cells was used as a
measure of human engraftment and the percentage of CD34+
cells of immature hematopoietic progenitors (Table 2). At 30
days after injection the percentage of CD45+ cells and
CD45+/CD34+ cells was 3.3% and 0.34% in the BM of the IVtreated mice and 3.7% and 0.9% in the BM of the IBM-treated
mice. At 60 days after injection the percentage of CD45+ cells
and CD45+/CD34+ cells was 2.1% and 0.27% in the BM of the
IV-treated mice and 1.4% and 0.4% in the BM of the IBM-treated mice. It is evident that the expansion of CD34+ cells is higher in the IBM-transplanted mice (189 and 432-fold respectively 30 and 60 days after transplantation) than the IV-transplanted mice (13 and 27-fold respectively 30 and 60 days after transplantation) considering that the number of CD34+ cells injected
into the IBM group was 10-fold less than the number of CD34+
cells injected into the IV group. Our data seem to demonstrate
that IBM transplantation is more efficient than IV transplantation. This result is confirmed in the two different models. In a
clinical setting the IBM transplantation may be useful when a
limited number of hematopoietic progenitors is available, such
as cord blood cells or highly selected cell population.
Table 1. EGFP+ cells harvested into C57Bl6 mice.

EGFP+ cells*
3rd month
IV
37
190
190

BMCs %
BMCs ×106
expansion

5th month
IBM
53
294
2940

IV
20
114
114

IBM
16
120
1200

EGFP = Enhanced Green Fluorescent Protein; IV = Intra Venous; IBM = Intra Bone Marrow;
BMCs = Bone Marrow Cells; expansion was calculated as the ratio: EGFP BMCs / injected EGFP
cells. * data shown are median values .
Table 2. Human cells harvested into NOD/SCID mice.

30 days*

% CD45+ BMCs
CD45+ BMCs ×106
%CD45+/CD34+ BMCs
CD45+/CD34+ tot. cells ×106
CD34+ cells expansion

60 days*

IV

IBM

IV

IBM

3:03
2:06
0:34
0:04
13

3:07
4:09
0:09
1:07
189

2:01
5:09
0:27
0:06
27

1:04
4:06
0:04
1:02
432

IV = Intra Venous; IBM = Intra Bone Marrow; BMCs = Bone Marrow Cells; CD34+ cells expansion was calculated as the ratio: CD45+/CD34+ tot. cells (CD45+/CD34+ BMCs + CD45+/CD34+
spleen cells)/CD34+ cells infused.*data shown are median values.
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PO34
LARGER NUMBERS OF TYPE 2 DENDRITIC CELLS IN DONOR GRAFTS ARE
ASSOCIATED WITH INCREASED CHRONIC GRAFT-VERSUS-HOST DISEASE
AFTER ALLOGENEIC PERIPHERAL BLOOD STEM CELL TRANSPLANTATION
Arpinati M, Chirumbolo G, Bonifazi F, Stanzani M, Falcioni S,
Bandini G, Martelli V, Tura S, Baccarani M, Rondelli D
Research Center for Transplant Immunology, Institute of
Hematology and Medical Oncology “Seràgnoli”,
University of Bologna, Italy
In this study, we have addressed whether variations in the cellular composition of the grafts may correlate with the clinical
outcome after allogeneic transplantation of G-CSF-mobilized
PBSC. Multicolor flow cytometric analysis was used to measure
the numbers of T lymphocyte subsets (CD3+, CD3+CD4+ and
CD3+CD8+), B lymphocytes (CD19+), NK cells (CD56+), monocytes
(CD14+), hematopoietic progenitor and/or stem cells (CD34+) and
type-1 dendritic cells (DC-1, identified as HLA-DR+, lin−, CD11c+)
and type 2 dendritic cells (DC-2, identified as HLA-DR+, lin−,
CD123+), in the graft of 31 adult patients (11 MM, 7 CML-CP, 6
AML, 5 NHL, and 2 MDS) receiving an allogeneic PBSC transplant
from HLA-matched siblings. Average cell doses (×106/kg) in the
grafts were the following: 283±137 total T lymphocytes, 160±88
CD4+ T lymphocytes, 116±55 CD8+ T lymphocytes, 64±39 B lymphocytes, 51±29 NK cells, 253±103 monocytes, 6.6±4.1 CD34+
cells, 2.1±0.9 DC-1 and 2.9±1.3 DC-2. Median follow-up was 255
days (range 50-685). Patients were divided into three groups
according to whether they had developed acute GVHD grade I
(n=12), grade II - IV (n=9) or no signs of GVHD at all (grade 0,
n=10). Among twenty-one patients with >100 days of follow-up
(median 485, range 131-695), 12 developed chronic GVHD (10
extensive, 2 limited). Mean graft doses of each cell type were
compared in groups of patients according to their type and grade
of GVHD, by using Student’s t-test for independent variables.
Development of acute GVHD did not correlate with any cell component in the graft significantly. However, patients developing
chronic GVHD received a significantly higher dose of DC-2 in the
grafts than patients without chronic GVHD (3.3+1.5 vs 2.2+0.9,
p=0.059), while the dose of DC-1 (p=0.7), monocytes (p=0.28), T
lymphocytes (p=0.643), B lymphocytes (p=0.939), NK cells
(p=0.487) and CD34+ cells (p=0.757) was not different. Chronic
GVHD did not significantly correlate with recipient or donor age
or gender, interval between diagnosis and transplant, presence of
ATG or TBI in the conditioning regimen, or type of GVHD prophylaxis. Our results suggest that the presence of large numbers of
DC-2 in the graft may be associated with a higher risk of chronic GVHD after allogeneic PBSC transplantation. Further studies will
address whether DC-2 depletion of the graft might be beneficial
in this setting.

PO35
ALLOGENEIC PERIPHERAL BLOOD PROGENITOR CELL TRANSPLANTATION
AFTER A NON-MYELOABLATIVE REGIMEN IN PATIENTS WITH
HEMATOLOGICAL MALIGNANCIES
Lombardini L, Vannucchi A, Guidi S, Saccardi R, Bosi A,
Urbani S, Salati A, Ciolli S, Nozzoli C, Vinerbi I, Rossi Ferrini P
BMT Unit, U. O. Ematologia, Policlinico Careggi, Firenze
A non-myeloablative regimen (NMR) followed by grafting of
allogeneic peripheral blood progenitor cells (PBPCs) is an attrac-
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tive strategy for reducing the toxicity of allograft procedures and
may permit the exploitation of any potential GVT effect. Between
Feb. 2000 and Apr. 2002,12 patients (pts.) underwent PBPC transplantation from HLA identical siblings after NMR. The underlying
disease were MM in 5 pts. (2 PR and 3 refractory), NHL in 2 pts.
(1 in CR-bcl-1 positive and 1 refractory), AML in 2 pts.(CR), HDG
in 1 pt.,1 solid tumor and 1 acute myelofibrosis. The median age
of pts. and of donors was respectively 53 years (range,39-65) and
50 years (range, 42-64). There were 5 sex mismatched transplantations. As conditioning regimen pts. received Mel 30mg/m2, Fluda 30mg/m2 and TBI single fraction 200cGy. All pts. received
GVHD prophylaxis with CSA (3mg/Kg p.o.) and MM (15mg/Kg p.o.)
respectively from -1 to +90 and from 0 to +28 days from transplant. All pts. received PBPCs collected from donor after mobilization with G-CSF. Median number of infused CD34+cells was
4.07×106/Kg (range,1,72-8,72) and CD3+ cells 28,17×107/Kg
(range,13.2-39.5). Tolerance of chemotherapy was excellent. All
patients were analyzed with PCR of VNTRs and/or FISH for sexmismatched grafts on day+15,+30, +60,+90,+120,+180,+270 and
+365, successively once a year. All samples were separated for
CD3+ cells by using immuno-magnetic beads. Mixed chimerism
was observed early after transplant and complete chimerism (CC)
was obtained with stable engraftment. CC was obtained in 62%
of patients after a median time of 42 days (15-56). DLI was used
in 1 patient affected by MM for persisting disease: after 2 weeks
skin and gut GVHD developed. Acute GVHD was seen in 7 patients
(58%) grade I° in 4pts (33%) and >I grade I° in 3 (25%). One
patient died on day +65 from gut acute GVHD.Two pts. developed
extensive chronic GVHD (18%) and 4pts. (36%) limited chronic
GVHD. After a median follow-up of 358 days (range, 28-730)
overall survival (OS) was 73%: 8 patients achieved complete
remission (64%) with full donor chimerism, 2 patients relapsed
respectively 14 and 13 months after transplantation without losing donor chimera. TRM at 12 months was 25%. These preliminary results show that the NMR is well tolerated, carries a low risk
of TRM and is able to ensure sustained engraftment.

PO36
IN VIVO PURGING WITH ANTI-CD20 IN NON-HODGKIN’S LYMPHOMA
PATIENTS UNDERGOING HIGH DOSE CHEMOTHERAPY AND
AUTOLOGOUS HEMATOPOIETIC STEM CELL TRANSPLANTATION
Cuoghi A, Tonelli S, Donelli A, Chiodino C, Panissidi T,
Zucchini P, Marasca R, Sabbatini R, Torelli G, Narni F
Bone Marrow Transplantation Unit, Department of Oncology
and Hematology, University of Modena and Reggio Emilia,
Modena, Italy
High dose chemotherapy with support of autologous peripheral blood progenitor cells (PBPCs) is a highly effective treatment
for chemosensitive NHLs. Relapses, however, still represent a
major problem, especially in low grade lymphomas. Since a higher relapse rate is observed when PCR positive cells are reinfused,
various purging techniques are being investigated to improve
the results of autologous transplantation. In the recent few
years, exploiting monoclonal antibodies conjugated with biotin
or magnetic beads, ex vivo purging has been pursued by means
of approved devices. More recently, in vivo purging strategies
based on the infusion of monoclonal antibodies directed against
differentially expressed genes present on tumor cells have been
designed. In our Institution 10 patients have been treated, so far,
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with anti-CD20 monoclonal antibody (rituximab) combined with
high dose chemotherapy. Their median age was 49, and all
patients were affected by advanced stage NHL (3 MCL, 3 follicular NHL, 2 DLCL, 1 DLCL plus Waldeström’s disease, 1 DLCL plus
PLL). Six patients were at diagnosis, 4 at relapse. Bone marrow
involvement was present in 7. A molecular marker (bcl-2; bcl-1;
FR2; FR3) was available for 8 patients. In 6 out of 7 patients with
bone marrow involvement and a molecular marker, PCR-negative PBPCs were obtained following chemotherapy plus rituximab. This approach was especially effective in chemosensitive
patients who failed to obtain a complete response after primary induction therapy. We herein describe in detail the typical
case of a 38-year old patient affected by stage IV bcl-2 positive
follicular lymphoma, with bone marrow involvement and
leukemic at diagnosis. In spite of 6 courses of CHOP chemotherapy the patient achieved only a partial response, with normal
peripheral blood but a persistent heavy marrow involvement. The
patient was switched to the DHAP regimen, but after 4 cycles
no further improvement was observed and the collected PBPCs
were still bcl-2 positive. On account of his young age, the patient
was enrolled in a program of rituximab plus sequential high dose
chemotherapy (ARA-C 2gr/m2/12 hrs for 6 days followed by
PBPCs collection, melphalan 180 mg/m2, mitoxantrone + melphalan 60 e 180 mg/m2, respectively) with multiple PBPCs infusions. Rituximab (375 mg/m2) was scheduled 24 hr after ARAC, 24 hrs before leukapheresis, and on days +28 and +35 after
mitoxantrone/melphalan high dose therapy. PBPCs collected
after ARA-C + rituximab, routinely, underwent negative (CD19CD20) selection. Later on, however, nested PCR showed that
PBPCs were already bcl-2, FR2, and FR3 negative before negative selection. The patient achieved a complete remission, confirmed at the molecular level. Six months later bone marrow
biopsy showed a molecular relapse; after two doses of rituximab the patient was again PCR negative. Previously we had
treated 14 patients with high dose chemotherapy followed by
reinfusion of CD34+ selected cells. Our experience is based on a
small number of patients. Still, our data suggest that:
- in most cases, PBPCs from patients receiving chemotherapy
plus rituximab are PCR negative;
- in vivo purging with rituximab is feasible, well tolerated and
less troublesome than ex vivo purging;
- at present, in vivo purging seems to be more effective than a
simple positive selection of CD34+ cells; better results, however, can probably be obtained in vitro combining positive
and negative selection. A round of negative selection, however, could be useful in case of (real time) PCR positive collection after chemotherapy + rituximab;
- this treatment modality seems to be very effective in
chemosensitive patients, and it might be especially useful
after failure of primary induction therapy;
- patients with early molecular relapse can regain PCR negativity with rituximab alone;
- truly refractory patients, in our expereince, would not benefit from this combined approach.
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PO37
ALLOGENEIC STEM CELL TRANSPLANTATION IN MULTIPLE MYELOMA:
STANDARD VERSUS REDUCED-INTENSITY CONDITIONING REGIMEN
Postorino M, de Fabritiis P, Picardi A, Cudillo L, Dentamaro T,
Siniscalchi A, Cupelli L, Campagna S, Amadori S
Department of Hematology, University Tor Vergata, Rome
The success of allogeneic hematopoietic stem cell transplantation (SCT) depends not only on the intensive conditioning regimen, but also on the antileukemic effects associated with hostreactive donor effector cells which may be obtained through different transplant strategies. We treated 16 patients with multiple myeloma (MM) with allogeneic transplantation from HLA
identical siblings: 7 received a standard myeloablative regimen
consisting of either 12Gy TBI or Bu-based conditioning regimen,
while 9 received a reduced-intensity treatment consisting of fludarabine plus either thiotepa or melphalan. The group treated
with standard allo-SCT included patients with younger median
age (49 years versus 57), and better PS (0 versus 1-2). All patients
in the mini-SCT group received heavy pre-transplant treatments
including an autologous and autologous + allogeneic transplant
in two cases. Median number of CD34+ cells infused was 7.3 ×
106/kg (range 3.8-15.3) for patients who received standard allotransplant and 8.4×106/kg (range 3.5-20) for the mini-transplant
group. The two groups were also comparable for CD3+ cells
infused, GVHD and CMV prophylaxis and other supportive therapy. Patients treated with the reduced intensity regimen showed
a faster median PMN reconstitution (13 vs 17 days) and a similar platelet recovery; all patients in both groups achieved full
donor chimerism within 60 days from transplant. Grade >2 acute
GVHD occurred in 2/7 and 1/9 patients in the standard and miniSCT group, respectively; extensive chronic GVHD developed in 3/5
and 2/6 evaluable patients, respectively. Three patients in the
standard SCT group died from acute or chronic GVHD and 1 from
progressive disease. Three patients transplanted with reducedintensity regimen died of infectious complications and 2 of unrelated transplant causes. One patient relapsed after 10 months
and 1 after 2 months in the standard and mini-transplant, respectively. At last follow-up, 3 patients are alive in CR after 42, 52 and
58 months from the standard allo SCT and 3 are in CR after 13,
26 and 50 months from the reduced intensity transplantation. In
conclusion, age, PS, and previous treatments received by the two
cohorts of patients, do not allow an effective comparison between
the two conditioning regimens. The mini-alloSCT, however, seems
to guarantee the achievement of full donor chimerism and a proportion of long survivors in CR comparable to that achievable
with the standard SCT and should be explored in a more favorable group of patients.

PO38
EXTRACORPOREAL PHOTOPHERESIS. SINGLE CENTER EXPERIENCE OF
TREATMENT OF CHRONIC AND ACUTE GRAFT-VERSUS-HOST DISEASE
Guidi S,* d’ Ascenzo G,° Lombardini L,* Saccardi R,*
Vannucchi AM,* Bosi A*
*BMT Unit, Department of Hematology, Firenze University;
°Department of Dermatology, Siena University, Italy
Twenty-six cases of refractory chronic graft-versus-host-disease (GvHD) and 2 refractory acute GvHD grade III liver patients
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were treated with extracorporeal photopheresis (ECP). Of the 22
evaluable chronic GvHD patients, 18 reached a clinical response:
nine complete and nine partial. Four patients are off therapy,
fourteen reduced their immunosuppressive treatment. One
patient with acute GVHD achieved CR, the other did not. Chronic GvHD affects more than 50 % of long term survivors of
hematopoietic stem cell transplantation and is a major cause of
morbidity and mortality. Standard GvHD treatment is unsatisfactory because of poor results and toxicity. The mechanism of
action of ECP is unknown but recently it has been suggested
that ECP acts by modulating NK cells and ACP cells. This treatment modality is reported to be safe and efficacious. The aim of
this study was to assess the efficacy of ECP in chronic graft-versus-host disease and to explore its role in acute GvHD. We studied 28 patients who had received HLA-matched stem cell transplants for hematological malignancies, from identical sibling (IS)
(n = 20) or unrelated (UD) (n = 8) donors, 17 bone marrow transplants and 11 peripheral blood stem cell transplants. Sixteen
and early disease and 12 advanced stage. Diagnoses were CML
8, AML/SMD 10, ALL 6 and MM/CLL 4. Transplant procedures
were performed as elsewhere described. GvHD prophylaxis in all
patients was cyclosporine and methotrexate, plus ATG in UD
transplants. Two grade III liver acute GvHD pts and 26 extensive
chronic GvHD patients were studied: 15 were de novo chronic
GvHD and 11 evolution from acute GvHD. Skin 15/26 pts, liver
9/26 pts, oral sicca 8/26 pts, ocular sicca 8/26 pts, bowel 6/26 pts,
lung 5/26 pts, myositis 3/26 pts, thrombocytopenia 3/26 pts and
serositis 2/26 pts. The two acute GvHD pts were steroids resistent.
All chronic GvHD pts had failed to respond to conventional
immunosuppressive protocols: cyclosporine(24)/tacrolimus(2)
26/26, steroids 26/26, azathioiprine 10/26, thalidomide 5/26,
micofenolate mofetil 6/26, cyclophosphamide 2/26. ECP was performed using UVAR apparatus (Therakos inc. West Chester, PA,
USA) 240 mL of buffy coat and 300 ml of plasma were collected
during each treatment by a standard apheresis procedure and
diluited with 200 mL of normal saline. Eight-MOP (0.2 mg, Gerot,
Wien) was added and the solution was exposed to a UVA light
source (2J/cm2/cell) for 90’ and reinfused to the patient. Every
ECP was repeated on two consecutive days at two week intervals for the first three months and then every four weeks until
GvHD resolution. ECP requirements were: more than 30.000
platelets and stable cardiovascular contition. Four chronic GvHD
patients are unevaluable: one patient died after the first ECP
cycle, another patient relapsed after two cycles and 2 are too
early. Of the 22 evaluable pts, after a mean of 20 cycles of ECP
(range 2-40), chronic GvHD resolved completely in 9/22 (41%)
and partially in 9/22 (41%). 4/22 patients (18%) did not responderd to treatment, two experienced stable disease and two died
because progressive chronic GvHD. A further benefit gained from
the ECP treatment was that all responding pts were able to
reduce the immunosuppression, that has been discontinued in 4
cases. Karnofsky performance score improved from 66% (range
20-90 %) to 80 % (range 60-100%) in responders patients.
About aGvHD patients: the first one: AML M0 CR1 male 31 years
old, experienced progressive GvHD and died; the other: ALL L2
T/My CR1 male 20 years old promptly resolved. No severe side
effects were documented and no infectious episodes occurred
throughout the course of the treatment except herpes zoster
virus infection in two cases. Our results suggest that ECP is a safe
therapy for extensive chronic GvHD resistant to conventional
treatment. ECP could be employed in acute GvHD steroid
resistent pts too.
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PO39
KINETICS OF IMMUNE RECONSTITUTION FOLLOWING ALLOGENEIC
PERIPHERAL BLOOD STEM CELL TRANSPLANTATION IN PATIENTS
CONDITIONED WITH A REDUCED-INTENSITY REGIMEN
Dodero A,* Peccatori J,° Olivieri A,# Pescarollo A,° Ferreri A,°
Rossini S,° Gianni AM,* Bordignon C,° Bregni M,° Corradini P*
*Istituto Nazionale dei Tumori, Milan, Italy; °Istituto H
San Raffaele, Milan, Italy; Division of Hematology, University of
Ancona, Italy
We have investigated the immune recovery after reducedintensity conditioning and allogeneic transplantation with G-CSF
mobilized peripheral blood stem cells (PBSCT). Lymphocyte subset counts were analyzed in 25 patients (n = 13 hematological
malignancies; n=12 metastatic solid tumors) receiving a HLAmatched transplant. The analysis was performed by flow cytometry at day 30, 60, 90, 180, 270, 360 after allograft (median follow-up of pts was 387 days). All patients (median age, 47 years)
were conditioned with thiotepa (5-10 mg/kg), fludarabine (60
mg/m2) and cyclophosphamide (60 mg/kg). Graft-versus-host
disease (GVHD) prophylaxis consisted of cyclosporine A, and
short course methotrexate. Overall, 40% of patients received
donor lymphocyte infusions (DLI) for disease recurrence. Antimicrobial prophylaxis consisted of high-dose acyclovir, itraconazole, ciprofloxacin and IVIG from day 0 to day +90. The mean
number of MNC, CD34, and CD3+ cells infused per kg were 7.3
× 108 (range, 3.6 - 21.4 × 108 ), 5.31 × 106 (range, 1.1 - 9 × 106),
1.95 × 108 (range, 0.57 - 6.24), respectively. All patients experienced a delayed recovery of T-, B-cells and monocytes but NK
cells reached a plateau early and remained normal throughout
the first year (median NK cell value were 148/µL and 115/µL at
30 and 365 days, respectively). Mean CD4/CD8 ratio was 1.38 on
day 30, then declined to 0.81 at 1 year, with median CD4 value
of 188/µL (range, 0-602) and 353/µL (range, 109-690) at 6 and
12 months, respectively. T-cell reconstitution was not associated with T-cell activation (median HLA-DR/CD8+ cells were 83/µL
and 76/µL at 6 and 12 months, respectively). B-cell counts were
significantly low through the first year post-transplant. CD19+
cell counts were 110/µL (range, 3-423) and 146/µL (range, 2611) at 6 months and at 12 months, respectively. Bacterial infections or pneumonia occurred in 24% of pts, and invasive fungal
infections in 4%. CMV antigen reactivation occurred in 52% of
seropositive recipients (24/25), but none developed CMV disease. Acute grade I-II GVHD occurred in 18/25 (72%) pts and
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grade III in 2/25 (8%). Chronic GVHD developed in 9 pts (n=1
limited, n=8 extensive). Life-threatening infections developed
in 2 patients with chronic GVHD. In conclusion, we have
observed a slow immune recovery, comparable to that observed
after conventional-dose allografting. This might be ascribed to
GVHD that required long and intensive immunosuppression.

PO40
NON-MYELOABLATIVE STEM CELL TRANSPLANTATION IN ADVANCED STAGE
PATIENTS WITH HEMATOLOGICAL MALIGNANCIES:
A SINGLE CENTER EXPERIENCE
Scimè R, Cavallaro AM, Tringali S, Di Bella R, Santoro A,
Basiricò R, Pirrotta R, Pagano M, Indovina A, Mirto S
Division of Hematology and BMT Unit; Ospedale “V. Cervello”
Palermo, Italy
The optimum of low-intensity allogeneic stem cell transplant
is maximized engraftment and graft versus malignancy (GvM )
effects, minimizing transplant-related complications. Low toxicity non-myeloablative regimens are being evaluated in patients
with hematological malignancies, not normally considered for
allogeneic stem cell transplant, because of poor performance
status or advanced age. Despite low-intensity regimens having
decreased immediate mortality post-transplant, recipient immunity is not fully ablated and a mixed chimeric state is produced
requiring DLI to induce graft versus malignancy effects or to
reinforce chimerism. At our Institution, from March 1998 to April
2002, 27 patients (pts) underwent non-myeloablative stem cell
transplant from an HLA-identical siblings (n. 25), or matched
unrelated donor (MUD n. 2) for hematological malignancies and
solid tumors. The median age was 47 years (range 14-62). All
received a G-CSF mobilized PBSC transplant, except 2 patients
who received a MUD bone marrow transplant. The diseases
treated were: 6 AML, 4 NHL, 5 MM, 3 ALL, 3 HD, 2 CML, 1 CLL,
2 MDS, 1 breast cancer. Median time from diagnosis to transplant was 16 months ( range 3-86). At transplant only 8 patients
were in 1st CR, 4 beyond 1st CR, 16 with active disease (7 relapsed
leukemia, 5 PR, 1 resistant, 3 PD). Previous treatments were
autologous or allogeneic transplantation in 16 (61%) or multiple chemotherapy lines in the others. The conditioning regimens
were: thiotepa 10 mg /kg followed by fludarabine 30 mg/kg for
5 days. In 2 patients cyclophosphamide was added. The 2
patients who received unrelated bone marrow transplant were
conditioned with busulphan + fludarabine + ATG. As GVHD prophylaxis, cyclosporine + short-course methotrexate was used. A
median of 8 × 106 /kg CD34 + ( range 2-26) and 2.15 × 108/kg
CD3+ (range 0.27-5) were infused. All patients reached ANC >
0.5 and plt > 25,000 at a median of 14 /12 days, respectively;
only one patient with resistant ALL, recovered from aplasia with
blasts in the peripheral blood. Acute GvH⁄grade II was observed
in 5 patients, while chronic extensive GvHD was observed in 8
out of 15 evaluable patients (66%). After transplant 9 patients
had CMV infection and were treated with gancyclovir 10 mg /kg
with response in 8 out of 9. As response to transplant, 9 patients
achieved CR while 4 showed progressive disease. Eleven patients
died due to acute GvHD (n.1), disease progression (n.8), sudden
death (n.1), aortic dissection (n.1). TRM was 12%. With a median follow-up of 230 days (41-845) 15 patients are alive and 13
in complete remission. Escalating DLI were employed in 6
patients for the following reasons: disease persistence (n.1),
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mixed chimerism (n.4), disease recurrence (n.1). Chimerism was
assessed in serial samples using PCR of polymorphic tandem
repeat ( STR) in 26 pts. In 14 out of 26 patients (54%) full-donor
(FD) chimerism was detected at all time points, while 12 out of
26 (46%) exhibited mixed chimerism (MC).Five of 12 MC showed
decreasing donor cells and eventually relapsed (n.4) or showed
autologous reconstitution (n.1). At six months post transplant 14
patients were evaluable for both chimerism and minimal residual disease (5 AL, 1CLL, 2CML, 1NHL, 1 Burkitt, 1MDS, 1MM,
2HD): 9 patients became FD and 3 of them showed molecular
disease, the remaining 5 exhibited both MC and MRD. In summary our data indicate that this approach is a valid therapeutic
options for those patients who are not candidates for others
strategies. In heavily pre-treated as well as in pts with refractory disease and in HD we observed the poorest outcome. A longer
follow-up and higher number of patients or more restrictive
inclusion criteria are needed to evaluate the potential role of
reduced conditioning allogeneic transplantation.

PO41
EX VIVO PURGING AND STEM CELL TRANSPLANTATION IN PATIENTS WITH
FOLLICULAR NON-HODGKIN’S LYMPHOMAS
Gaudio F, Pavone V, Guarini A, Perrone T, Curci P, Liso V
Hematology, University of Bari, Italy
Patients (pts) with follicular non-Hodgkin's lymphomas (FL)
are not cured with conventional treatment. Even in advanced
stages, FL usually respond to initial conventional chemotherapy, but subsequent relapse or progression frequently occurs.
Continuous complete remissions are infrequent and progression,
in stage and/or in histology, is almost constant. The use of intensive therapy supported by autologous hematopoietic stem cell
transplantation (ASCT) is being investigated in FL. Young pts
with advanced disease and adverse prognostic factors seem to
be the best population for this procedure, with the hope of prolonging disease-free intervals. Although initial results of ASCT
appear promising, the indolent course of these lymphomas precludes any definite conclusions based on short-term observations. Molecular studies of minimal residual disease, based upon
Bcl2 proto-oncogene over-expression in pts with FL after ASCT
are useful for monitoring response or relapse of the disease. Cellular expression of the CD34 antigen identified a heterogeneous
cell population that is functionally characterized by the in vitro
capability to generate clonal aggregates and in vivo capacity to
reconstitute the myelo-lymphopoietic system. CD34 surface glycoprotein in hematopoietic stem and progenitor cells seems to
play a relevant role in modulating cell adhesion. The earliest
clonogenic cells (CFU-blast, LTCIC, etc) express the highest levels of CD34, while the most differentiated (CFU-G, CFU-M, CFUE, CFU-Meg) express only low levels of CD34. Sophisticated ex
vitro purging methods aimed to eliminate lymphoma cells from
stem cells collection seems to be a promising approach, before
CD34+ cells reinfusion. In the present study, we have investigated
the feasibility and efficacy of ex vivo PBSC double immunomagnetic purging procedures (CD34+ positive selection and B
cell negative selection) in order to reduce or eliminate lymphoma
cells. Material and Methods: 25 patients (median age 36 yrs) in
advanced stage FL (BM+ 100%) and adverse prognostic factors,
such as bulky disease (83%), LDH >500U/L (66.6%) and B symptoms (58.3%) underwent ASCT at a median time from diagno-
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sis to transplant of 6.5 months. First line chemotherapy was ProMACE-CytaBOM (4 cycles) and two cycles of DHAP plus
lenograstim for in vivo purging and stem cell mobilisation. Stem
cells source was peripheral blood in all pts. Conditioning regimen consisted of BuCyVP16 (Bu 16 mg/kg, VP16 30 mg/kg, EDX
120 mg/kg). Immunomagnetic positive/negative selection was
performed in 10 pts. The harvested products were ex vivo treated using CD34+ cell selection followed by a negative step with
anti-CD10/19/20-labeled immunomagnetic beads by Isolex300i
Nexell machine. All pts were in chemo-sensitive disease (PR or
sPR) before ASCT. Results and Discussion: The results of ex vivo
purging procedures were compared in terms of purity and recovery of CD34+ infused cells, logarithmic depletion of B cells and
engraftment speed to non purged patients with the same histology and prognostic characteristics. No statistical difference in
terms of MNC, CD34+ cells and CFU-GM harvested cells were
documented between the selected and non-selected population.
The immunomagnetic Isolex 300i device evidenced a median
purity of 85%, a median recovery of 56% of CD34+ cells with a
median of 2 log B cell reduction (Table 1). Concerning supportive care, no differences were found between selected and nonselected population in terms of transfusion, antibiotic requirement, days in hospital. ANC (> 0.5 ×109/L) engraftment was documented at day 10 for selected pts and at day 9 for control
group (p=ns)(Table 2).

CD10+/ml
CD19+/ml
CD20+/ml
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Table 1. Stem cells recovery in 10 pts ± selected.

MNC ×108/kg
CD34+cell x106/kg
CD34+ %
B cell depletion

survival and disease-free survival were found between the two
examined groups. Early intensive therapy with ASCT is feasible
(no TRD) and highly effective in chemosensitive pts with high risk
FL. In our experience, a double immunoselection ex vivo procedure in FL pts supplies a high stem cell purity and recovery, with
a good logarithmic reduction in B cells compartment with a high
engraftment speed. Whether such a program may influence the
outcome of high risk FL is far to be demonstrated. More investigative programs, including prospective randomized trials, are
needed to assess the efficacy of ASCT and the utility of purging
and positive selection of young pts with FL in the early phase of
treatment.

Starting
Cell

±
Cell fraction

% of
Recovery

4,3
5,29
1,3

0,013
3,39
85,03

0,3
56,1

Starting
Fraction
0,75
11,88
15,63

±
Fraction
0,055
0,042
0,031

Log Reduction

5.

6.

1,96
1,96
1,98

7.

Table 2. Engraftment speed.

Horning SJ, Rosenberg SA. The natural history of initially untreated low-grade non-Hodgkin's lymphomas. N Engl J Med 1984;
311:1471-5.
Haas R, Moos M, Mohle R, Dohner H, Witt B, Goldschmidt H, et al.
High-dose therapy with peripheral blood progenitor cell transplantation in low-grade non-Hodgkin's lymphoma. Bone Marrow
Transplant 1996; 17:149-55.
Bastion Y, Brice P, Haioun C, Sonet A, Salles G, Marolleau JP, et al.
Intensive therapy with peripheral blood progenitor cell transplantation in 60 patients with poor-prognosis follicular lymphoma.
Blood 1995; 86:3257-62.
Bierman JP, Vose JM, Anderson JR, Bishop MR, Kessinger A,
Armitage JO. High-dose therapy with autologous hematopoietic
rescue for follicular low-grade non-Hodgkin’s lymphoma. J Clin
Oncol 1997; 15:445-50.
Gribben JG, Neuberg D, Freedman AS, Gimmi CD, Pesek KW, Barber M, et al. Detection by polymerase chain reaction of residual
cells with the bcl-2 translocation is associated with increased risk
of relapse after autologous bone marrow transplantation for B-cell
lymphoma. Blood 1993; 81:3449-57.
Williams CD, Goldstone AH, Pearce RM, Philip T, Hartmann O,
Colombat P, et al. Purging of bone marrow in autologous bone
marrow transplantation for non-Hodgkin's lymphoma: a casematched comparison with unpurged cases by the European Blood
and Marrow Transplant Lymphoma Registry. J Clin Oncol 1996;
14:2454-64.
Kvalheim G, Sorensen O, Fodstad O, Funderud S, Kiesel S, Dorken
B, et al. Immunomagnetic removal of B-lymphoma cells from
human bone marrow: a procedure for clinical use. Bone Marrow
Transplant 1988; 3:31-41.

PO42
AUTOLOGOUS STEM CELL TRANSPLANTATION IN MULTIPLE SCLEROSIS

Unselected

± Selected

Days to ANC

>0,5 ×109/L 9
>1 ×109/L 11

p=ns
p=ns

10
12

PLT

>30 ×109/L 10
>50 ×109/L 15

p=0,02
p=ns

13
15

At the moment 18 patients (11 in the unselected and 7 in the
selected group) are in CR and 5 (3 in the unselected and 2 in the
selected group) in PR (BM+). Two relapses (1 in the unselected
and 1 in the selected group) occurred. Median follow up from
transplant is 38 months. No treatment related deaths, but 1
engraftment syndrome and 8 Gram+ and 2 Gram− sepsis
occurred. No differences in terms of event-free survival, overall
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Zoli V,° Gasperini C,* De Rosa L,° Galgani S,* Pescador L,°
Pandolfi A,° Locasciulli A,° Piazza G,* Majolino I°
UO di Ematologia e Centro Trapianti di midollo osseo°,
Centro per la Sclerosi Multipla, Dip. di Neuroscienze*,
Az. Osp. S.Camillo-Forlanini, Roma
Multiple sclerosis (MS) is a serious demyelinating immunemediated disease of the CNS, affecting mainly young adults and
leading, in the majority of cases, to physical and psychological
impairment. Life expectancy is reduced when compared to an
age-matched normal population. Both interferon β and Copolymer 1 significantly reduce disease activity in relapsing-remitting
MS. Nevertheless these therapeutic approaches fail to achieve a
satisfactory control of the disease evolution in most of the
patients and some do not respond at all to these treatments.
Immunosuppressive treatments, which are frequently used as sec-
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ond line therapy in such MS cases, also have only partial beneficial effects. Considering that immune cells are generated from
bone marrow precursors, myeloablative therapy produces a profound immunosuppression and could potentially determine an
immune tolerance to autoantigens. Autologous stem cell transplantation (ASCT) may result in a long-lasting or even persistent
remission in poor prognosis and refractory forms of MS. In our
institution six patients with secondary progressive forms of MS
were mobilized with CTX 4 gr/m2 followed by G-CSF 5µg/Kg/die
without serious adverse effects or significant aggravation of disability; only one patient presented an exacerbation of her leg
weakness while receiving G-CSF which returned to baseline in a
few days. The median number of CD 34+ cells collected for reinfusion was 13.8×106/Kg (range 8.5-33). Five patients (all women,
aged 29-53 years) with median EDSS 6.5 (range 5.5-7.5) were
transplanted. The conditioning regimen consisted of BCNU 300
mg/m2 at day -7, cytosine-arabinoside 200 mg/m2 and etoposide
200mg/m2 from day -6 to day -3, and melphalan 140 mg/m2 at
day -2. Rabbit antithymocyte globulin (ATG; 5 mg/kg/day) was
administered on day +1 and +2 as in vivo T depletion. All patients
engrafted; days to reach PMN count >500 were 9 (9-19) and
platelet count >20,000 were 10 (9-17). No major complications
were shown during the cytopenic period. Febrile neutropenia
occurred in 2 pts, succesfully treated with empiric antibiotic therapy. We observed transient neurologic worsening in the first posttransplant month. Two patients treated with high EDSS showed
a stable slight improvement after three years’ follow-up. More
clinical benefit occurred in the remaining 3 pts transplanted with
lower EDSS. Magnetic resonance imaging gadolinium enhancement was present in all patients before treatment and decreased
immediately after mobilization with CTX and dropped to zero at
the first control after the conditioning therapy. Our study confirms
previous papers that patients with severe MS tolerate ASCT with
acceptable toxicity. Further studies with well established eligibility and exclusion criteria and longer follow-up, would be needed
to determine the significance and the overall effect of this treatment on the natural history of MS.

PO43
AUTOLOGOUS PERIPHERAL BLOOD TRANSPLANTATION FOR PRIMARY
AMYLOIDOSIS. THE ITALIAN EXPERIENCE
Perfetti V, Siena S,* Bregni M,* Di Nicola M,* Palladini G,
Semino A, Magni M,* Gianni AM,* Merlini G°
Internal Medicine and Medical Oncology and °Biotechnology
Research Laboratories, IRCCS Policlinico S. Matteo, Pavia;
*Division of Medical Oncology C, National Cancer Institute,
Milan, Italy
Intermediate/high-dose chemotherapy with autologous
peripheral blood stem cell support (autotx) has been incorporated in the treatment of primary systemic amyloidosis for 7
years. This therapy is reported to be effective in approximately
40-50% of patients (pts) with AL amyloidosis, rates that are
substantially better than those of conventional melphalan and
prednisone (<25-30%). However, this benefit is obtained with
peritransplant mortality rates that can be exceedingly high,
reaching 70% in case of major cardiac involvement.1 For this reason, investigational groups have started a common effort to
establish adequate selection criteria. We here describe the Ital-
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ian experience on 19 patients who had biopsy-proven amyloidosis in association with a clonal plasma cell proliferative disorder. Prior to indication, patients were studied for adequate
cardiac, hepatic, renal and pulmonary function. Selection criteria were: cardiac ejection fraction >50%, interventricular septum thickness <15 mm, no major arrhythmias or conduction
abnormalities (chronic atrial fibrillation, couplets of extrasystolic beats, grade II /III atrioventricular block), no sign of congestive heart failure; systolic blood pressure >100 mmHg; serum
bilirubin < 2 mg/dL and serum creatinine <1.7 mg/dL; no sign of
gastrointestinal tract bleeding, DLCO > 50% and performance
status ECOG≤ 2. We enrolled 12 males and 7 females, median
age was 51 years (39-65), 2 had associated multiple myeloma.
Thirteen pts (68%) had single organ involvement. The dominant
syndrome was due to kidney involvement in 9 pts (47%), heart
in 4, (21%), soft tissue in 4, (21%) and other organs in 2 (11%).
Plasma cell infiltration was 10% (3-50%). Median time from
diagnosis to transplantation was 8 months (2-34) and only 3 pts
(16%) had previously been treated with alkylating agents. Thirteen pts (68%) received G-CSF alone (5-10 mg/kg) as mobilization regimen, while 6 (32%) received cyclophosphamide (3-5
g/m2) plus G-CSF. Conditioning regimen consisted of the maximal tolerable dose of intravenous melphalan (based on clinical
judgement): 180-200 mg/m2 (13 pts, 68%); 140-150 mg/m2 (4
pts); 100 mg/m2 (2 pts). Peritransplant (3 months) death rate was
16% (1 VOD, 1 sepsis, 1 sudden death). Hematological response
was evaluated at 3 and 12 months. Responses were frequently
slow, with a substantial proportion of pts with partial or no
response at 3 months who became complete or partial responders, respectively. At 12 months, 14 pts (87% of living pts)
showed an hematologic response: 8 of them were complete
responders (50% of living patients) and 3 partial responders
(19%), while only 3 patients (19%) were classified as nonresponders. Hematological response was frequently accompanied by organ response, the latter either appearing together with
or following the former. Among pts with complete response at
1 year, 5 had 200 MEL, 2 had 150 MEL and 1 had MEL 100 (double transplant) as conditioning regimen. Kaplan-Meier analysis
suggested a survival advantage for complete responders
(p=.035). Data from our experience (50% complete hematologic responses) are in line with those presented by investigational groups with the most promising results;2 in particular, we
confirm that acceptable peritransplant mortality rates2 can be
achieved with a very accurate evaluation of the patient, strict
selection criteria, and close follow-up. These results, which can
be obtained in highly specialized and experienced centers, make
autotx one of the most effective therapeutic strategies for AL
amyloidosis.
References
1.

2.

Saba N, Sutton D, Ross H, Siu S, Crump R, Keating A, et al. High
treatment-related mortality in cardiac amyloid patients undergoing autologous stem cell transplant. Bone Marrow Transplant
1999; 24:853-5.
Sanchorawala V, Wright DG, Seldin DC, Dember LM, Finn K, Falk
RH, et al. An overview of the use of high-dose melphalan with
autologous stem cell transplantation for the treatment of AL amyloidosis. Bone Marrow Transplant 2001; 28:637-42.
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PO44
LOW DOSE RABBIT ANTITHYMOCYTE GLOBULIN PREVENTS
GRAFT-VERSUS-HOST DISEASE IN SIBLING ALLOGENEIC PERIPHERAL
STEM CELL TRANSPLANTATION FOR CHRONIC MYELOID LEUKEMIA
Bonifazi F, Bandini G, Rondelli D, Falcioni S, Stanzani M,
Amabile M, Martinelli G, Motta MR, Castellani S, Arpinati M,
Urbini B, Baccarani M
Institute of Haematology and Clinical Oncology
“L. and A. Seràgnoli”, University of Bologna, S. Orsola-Malpighi
Hospital, Bologna
Our initial experience (November 1995 from to September
1999) with peripheral blood stem cell (PBSC) transplants in 21
patients with CML resulted in an unacceptable rate of extensive
chronic GVHD. For that reason, starting from October 1999 we
have added low dose rabbit ATG in the conditioning regimen. We
present here a comparison between the two groups. A total of
31 allogeneic peripheral blood stem cell transplants (SCT) from
HLA identical sibling donor for CML were performed. Median
age was 41 years (range 19-53), 21 males and 10 females. The
median interval diagnosis- transplant was 14 months (range 459). Conditioning treatment consisted mainly of BU-CY and the
GVHD prophylaxis was short term MTX+CsA. Ten CML patients
received low dose rabbit ATG (15 mg/kg, Fresenius). All patients
engrafted and no rejection occurred. Acute and chronic GVHD
were graded according to the standard criteria in patients surviving longer than 30 and 90 days after allogeneic SCT. Grade
II-IV acute GVHD developed in 7/21 patients who did not receive
ATG and 2/10 patients who received ATG. Chronic GVHD developed in 15/21 patients without ATG and in 4/10 patients with
ATG. In particular we observed 2 extensive chronic GVHD in the
latter cohort (10 patients) and 10 in the former one (21 patients).
Five hematological relapses occurred in the no-ATG group (2 pts
CP transplants 3 pts in advanced phases) and no relapses in the
other goup. The patients were strictly studied at molecular level for the bcr-abl rearrangment after transplants; the incidence
of isolated positivity was similar in the two groups. Conclusion:
even if the number of patients is small and this was not a randomized study we suggest that the use of low dose rabbit ATG
is effective in decreasing the rate of GVHD in particular extensive chronic GVHD without increasing the risk of relapse.

PO45
UNRELATED TRANSPLANT IN CHRONIC MYELOID LEUKEMIA WITH LOW
DOSE RABBIT ANTITHYMOCYTE GLOBULIN IN THE CONDITIONING REGIMEN:
EXPERIENCE FROM THE BOLOGNA CENTER
Bandini G,* Bonifazi F,* Falcioni S,* Stanzani M,* Rondelli D,*
Bontadini A,° Arpinati M,* Urbini B,* Castellani S,* Farese O,*
Baccarani M*
*Institute of Haematology and Clinical Oncology “L. and A.
Seràgnoli”; °Tissue Typing Regional Reference Center;
University of Bologna, S. Orsola-Malpighi Hospital, Bologna
From September 1995 to June 2001, 28 pts with CML underwent VUD transplants. 19 were males, 9 females. The median age
was 35 yrs (20-50). The interval between diagnosis and transplant was 23 mos (range 9-116), 21 were in CP and 7 in accelerated phase HLA typing was based on high-resolution molec-
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ular techniques; identity at the HLA, B, DQB1 and DRB1 was
requested, but in 8 cases there were one or more allele mismatches. The preparative regimen consisted of TBI, single fraction, 800 cGy, from a linear accelerator, at a low dose-rate, EDX;
120 mg/Kg, and rabbit ATG (Fresenius, Bad Homburg, D) 3
mg/Kg/day –6 to-2. Patients in accelerated phase also received
VP-16 or Ara-C. Source of the stem cells was the marrow in all
cases; the medium number of cells infused was: NC, 4.1 ×
108/Kg; T-Lymphocytes, 28 × 106/Kg. A prognostically negative
sex mismatch (donor F, recipient M) occurred in 9 cases. All pts
engrafted. Acute GVHD; grade III-IV occurred in 5 patients.
Chronic GVHD occurred in 9 pts (limited form). Four pts had a
hematologic relapse and 1 a cytogenetic relapse. Causes of death
were: relapse, 4, GVHD/infection, 4, other, 2. At 5 yrs, OS is 61%
(c.i. 42-81): for those transplanted in CP, OS is 76% (95% CI: 5894) and for those in accelerated phase it is 26% (95% CI: 0-67%)
at two years. The following parameters were analyzed: sex, number of NC infused, number of T-lymphocytes infused, interval
diagnosis-transplant, phase of disease, donor-recipient sex mismatch, in univariate analysis, the common outcome-variables
were found to be significantly associated with the following factors: acute GVHD (age); chronic GVHD (phase of disease); OS
(phase of disease, age, number of NC infused); TRM (no factors);
relapse (phase of disease). These data demonstrate that transplants performed in CP, with this preparative regimen, are associated with a good outcome; results are not satisfactory when
the disease is in an advanced phase.

PO46
ALLOGENEIC PERIPHERAL BLOOD STEM CELL TRANSPLANTATION FOR
HEMATOLOGICAL MALIGNANCIES: RESULTS FROM THE BOLOGNE CENTER
Bonifazi F, Bandini G, Rondelli D, Stanzani M, Falcioni S,
Arpinati M, Urbini B, Rizzi S, Farese O, Baccarani M
Institute of Haematology and Clinical Oncology “L. and
A. Seràgnoli”, University of Bologna, S. Orsola-Malpighi
Hospital, Bologna
From 1995 to 2001 we performed 120 allogeneic peripheral
blood stem cell transplants (SCT). Median age was 41 years
(range 19-57), 76 males and 44 females. The diagnoses were
acute leukemia in 39 patients, chronic myeloid leukemia in 31
pts, multiple myeloma in 36, myelodisplastic syndrome in 6, lymphomas in 6, myelofibrosis and amyloidosis one each. Conditioning treatment consisted mainly of BU-CY except for 33 MM
who received TBI+Melph+EDX. GVHD prophylaxis was short term
MTX+CsA. Ten CML patients received low dose rabbit ATG (15
mg/kg, Fresenius). All patients engrafted and no rejection
occurred. Acute and chronic GVHD were graded according to
the standard criteria in patients surviving longer than 30 and 90
days after allogeneic SCT. Sixty patients did not develop acute
GVHD, 37 patients experienced acute GVHD grade I-II and 18
grade III-IV acute GVHD. In patients surviving more than 90 days,
chronic GVHD occurred in 55/105 patients; in particular in 28/55
it was extensive. We observed an effect of disease on GVHD, in
fact, the incidence of chronic GVHD was 19/29 (65%) in CML,
18/31(58%) in MM and 12/33 (36%) in AL. The median number
of CD34+ cells infused was 6 × 106/kg (range: 0.9-19.5 × 106/kg).
No effect of the number of CD34+ was observed either on survival or on chronic GVHD occurrence. The results from a multivariate analysis will be given in details. In conclusion, in this
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study, a high incidence of chronic GVHD particularly of the
extensive type was observed with the use of peripheral blood
stem cells.

PO46bis
THIOTEPA, FLUDARABINE AND MELPHALAN, A REDUCED-DOSE REGIMEN
FOR ALLOGENEIC HEMATOPOIETIC STEM CELL TRANSPLANTATION IN
MULTIPLE MYELOMA
Severino A, Scimè R,° Ruscio C, Tringali S,° Sajeva MR,
Gabriel-Arana M, Tassone M, Pescador L, Blandino F,
Locasciulli A, Majolino I
Unità Operativa di Ematologia e TMO, Osp. S. Camillo-Forlanini,
Roma; °Divisione di Ematologia, Az. Osp. V. Cervello, Palermo
The recent demonstration in humans of allogeneic engraftment after reduced or low-dose non-myeloablative but immunosuppressive conditioning has potentially extended its applicability to patients traditionally considered ineligible for such procedure due to elderly age, advanced disease or low performance
status. In this preliminary report we present clinical result
obtained in six consecutive patients with advanced MM who
underwent alloHSCT from HLA identical sibling donors in our
Unit from October 2001 to April 2002. Main clinical characteristics of the six patients are listed below: the median age is 53.5
(range 42-62), with male/female ratio 1:2 (2 male, 4 female).
Diagnosis was MM stage III/A for all patients, with medullar
plasmocytosis ranged 50-90%. The patients presented multiple
osteolytic lesions, and in two cases great bone tumefactions on
skull. All patients presented a monoclonal component in sierum
or urine (in 1=IgA/k; 3 =IgG/k; BJ/k) excepted in one patient
that presented a nonsecretory myeloma. Two patients also presented diagnosis of HCV-realated cronic hepatitis.All patients
received numerous treatment previous transplant (VAD in all
patients, radiotherapy in three cases, melphalan in one case and
in two cases rispectively 1 or 2 autologous-HSCT). The time at
transplant from diagnosis was in media 15 months (range 1518 m.). Conditioning regimen consisted on: Thiotepa 5 mg/kg,
day –6; Fludarabine 30 mg/mq, day –5-4-3; Melphalan 80
mg/mq, day –2, with rest at day –1. GVHD prophylaxis was carried out with Methotrexate 5 mg/m2, day +1+3+6, and
Cyclosporin 2 mg/kg iv from day –1. Toxicity transplant related
in our cases resulted acceptable with 4 febrile episodes during
neutropenic phase resolved with empiric antibiotics treatment;1
case of acute-GVHD grade III; 3 cases had a mucositis grade II
(WHO). The engraftment (neutrophil >500 m3/L; platelets
>20,000 m3/L) ocurred in media at day +13 (range10-18). At day
+30 all patients were full donor (VNTR-PCR). Complete remission
was achieved in 4 cases, partial remission in 2 cases (EBMT-criteria). The median follow-up is 5,6 months (range 1-15). None of
our patients received Donor Lymphocyte Infusion (DLI) therapy.
Our results should suggest that AlloHSCT with low-dose conditioning regimen could be a well-tolerated procedure also in highrisk patients with advanced and heavily treated MM.
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PO47
THE “BOLOGNA 96” CLINICAL TRIAL OF SINGLE vs. DOUBLE AUTOLOGOUS
PERIPHERAL BLOOD STEM CELL TRANSPLANTATION FOR PREVIOUSLY
UNTREATED MULTIPLE MYELOMA PATIENTS
Cavo M, Tosi P, Zamagni E, Cellini C, Ronconi S, Cangini D,
Baccarani M, Tura S, on behalf of the Italian Centers
participating in the “Bologna 96” clinical trial
Institute of Hematology and Medical Oncology “Seràgnoli”,
University of Bologna, Italy
In multiple myeloma (MM) increase in the dose of alkylating
agents up to the level requiring autologous stem cell transplantation was shown to improve the prognosis in comparison with
conventional chemotherapy. In an attempt to assess the benefits of further escalation in the dose intensity, a prospective,
randomized, multicenter clinical trial of single (TX-1; Arm A) vs.
double (TX-2; Arm B) transplantation of autologous peripheral
blood stem cells (PBSC) as front line therapy for previously
untreated patients was started in Italy in 1996. The treatment
plan in both arms included VAD x 4, collection of PBSC with
HD-CTX (7 g/m2) and, upon recovery of hematopoiesis following
TX, maintenance therapy with α-IFN. High-dose chemotherapy
consisted of melphalan, 200 mg/m2, administered before both
TX-1 and the first of the double TXs, and the combination of melphalan, 120 mg/m2, and busulfan, 12 mg/kg, administered before
the second TX. An analysis (intent-to-treat) of the first 200
patients who were enrolled into the study showed that the probability of attaining stringently defined complete remission (CR)
was 22% for patients (N=100) randomized to TX-1 and 26% for
patients (N=100) randomized to TX-2. With a median follow-up
of 3 years, no statistically significant difference in the 4-year
projected probability of survival was observed between the two
groups (61% for TX-1% vs. 64% for TX-2). Compared to TX-1,
TX-2 conferred a significantly longer duration of remission
(median, 20.5 vs. 30 months; p = 0.04), resulting in extended
event-free survival (EFS) for TX-2 recipients (median, 32.5
months vs 21.5 months for patients who actually underwent
TX-1; p = 0.05). The gain offered by double autotransplants in
terms of extended EFS was confirmed by a landmark analysis
performed at 5 months (p = 0.01) and a multivariate analysis
that included application, or not, of a second transplant as a
time-dependent covariate (relative risk, 0.61; p = 0.04). Preliminary results of the present study suggest that timely application of double autotransplants is a safe and effective treatment
strategy for newly diagnosed patients with MM, yielding an
overall response rate of 85% and producing prolonged duration
of remission compared to a single autotransplant. Mature data
derived from the final analysis of the trial must be awaited
before definite conclusions can be drawn concerning the impact
of this complex procedure on the ultimate outcome of MM.
Funding: Work supported in part by University of Bologna,
Progetti di Ricerca ex-60% (M.C.)
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Normal and Pathologic Immunophenotypes
PO48
CD8+ LYMPHOCYTES IN MYCOSIS FUNGOIDES SEEM TO BE CORRELATED
WITH SUBEPIDERMAL LYMPHOID INFILTRATES, BUT NOT WITH RESPONSE
TO THERAPY AND DISEASE RECURRENCE
Filosa A, Goteri G, Tarquini LM, Giangiacomi M, Brancorsini D,
Rupoli S,* Barulli S,* Agostini V,* Lanari S,^ Cataldi I,^ Leoni P,*
Fabris G
Departments of Pathology, Hematology* and Dermatology^,
School of Medicine, Ancona University/Azienda Osp.
Umberto I°, Torrette, Ancona, Italy
Background and Objectives. A role in disease control has been
suggested for CD8+ reactive lymphocytes, which are detected in
mycosis fungoides (MF) besides neoplastic CD4+ T cells. The aim
of this study was to elucidate their correlation, if any, with type
of lymphoid infiltrate, response to therapy and probability of
recurrence. Design and Methods. The study included 46 patients
(22 M, 24 F; median age 61 years, range 28-76; 17 at stage IA,
21 IB, 4 IIA, 2 IIB, 1 IIIB, 1 IVA): 30 were treated with different
therapeutic schemes according to different stages (27 PUVA ±
IFNα, 2 CHOP, 1 radiotherapy), while 16 patients were not treated. All the cases of MF were divided into 4 histological groups
based on type of subepidermal infiltrate at diagnosis: A (mild
superficial perivascular infiltrate = 11 cases); B (moderate superficial perivascular infiltrate without tendency to confluence = 16
cases); C (marked superficial band-like infiltrate = 15 cases); and
D (deep nodular infiltrate = 4 cases). The number of CD8+ T cells
was scored as 1 (low), 2 (moderate), or 3 (high). Data were analyzed by the χ2 test. Results and Discussion. The type of subepidermal infiltrate correlated with the amount of CD8+ T-cells
(p=0.004) as we noted that a significant proportion of cases with
an early disease and mild dermal lymphoid infiltrate showed a low
number of CD8+ TILs compared to all the other cases (p=0.001).
One possible explanation for the low number of CD8+ cells in early MF might be the absence of their activation due to low tumorspecific antigen expression on MF cells. If this is reasonable, these
cases could represent a very early step in the pathogenesis of MF
and the further step could be activation of TILs, when CD8+ cells
are exposed to tumor specific antigens. In support of this hypotesis we found that cases with more dense lymphoid infiltrates
rarely showed low numbers of TILs, a feature confirming their
activation against tumoral cells. Alternatively, we can speculate
that these cases are not really lymphomas yet, due to the inhability of MFs to stimulate TILs, even if the neoplastic T cells were
monoclonal and/or showed an aberrant phenotype in all our early cases with low TILs. It is an open question whether to treat these
cases as if they were clear-cut MF. Large studies with long-term
follow-up of cases with different proportions of CD8+ cells like
ours are needed to clarify whether a different clinical behavior in
such cases does exist. Moreover, among the parameters studied,
only the type of subepidermal infiltrate was found to influence
response to therapy, as complete remission was observed more
frequently in group A-B patients than in group C-D ones
(p=0.017). Disease recurrence was not found to correlate with
any of the parameters analyzed.
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PO49
GENE EXPRESSION PROFILE OF HUMAN MYELOID CELLS
Siena M, Tenedini E, Bergamaschi A, Tagliafico E, Ferrari S,
Manfredini R
Dipartimento di Scienze Biomediche, Sez. di Chimica Biologica,
Università di Modena e Reggio Emilia
Array technologies have made it possible to monitor simultaneously the expression pattern of thousands of genes.1 In fact,
comparative expression studies have long been known to provide important insight into biological processes such as proliferation, differentiation, apoptosis and transformation.2-4 Working on normal human hematopoietic stem cells it is possible to
evaluate their gene expression profile, changes in gene expression occurring in their early commitment phase and to compare
the gene expression profiling with normal terminally differentiated myeloid cells, i.e. granulocytes (neutrophils, eosinophils and
basophils) and monocytes; it can be remarkable for the molecular reconstruction of myeloid differentiation programs and for
the identification of differentially expressed genes to identify
new lineage specific markers. In the first step of this study, we
purified monocytes, neutrophils and eosinophils and measured
their gene expression profiles using Affymetrix GeneChip technology. Leukocytes were separated from peripheral blood samples of normal donors, using different magnetic cell sorting procedures. Granulocytes and peripheral blood mononuclear cells
(PBMC) were initially obtained by Ficoll-Hypaque density gradient centrifugation. Monocytes were then separated from PBMC
using anti-CD14 immunobeads, whereas eosinophils were purified from granulocytes by depleting neutrophils with anti-CD16
immunobeads, after one step of erythrocyte lysis. After purification, each population showed a purity >95%, as demonstrated by morphological and flow cytometric analysis. For the gene
expression profiling we used the small sample target labeling
protocol (MessageAmpTM aRNA Kit, Ambion), which leads to a
sufficient amount of biotin-labeled cRNA by starting from very
small amounts of RNA. Consistent results were obtained with
200-500 ng of starting total RNA. The images from the scanned
chips will be processed using Affymetrix Microarray Analysis
Suite 5.0 (MAS 5.0). The analysis employs normalization or scaling techniques to minimize differences in overall signal intensities between the arrays. The data will be then analyzed using
comparison algorithms to derive a change call which indicates
whether a transcript is increased or decreased or exhibits no
change in expression level. In addition a signal log ratio will be
carried out to indicate the relative change of each transcript
represented on probe array. The MAS 5.0 generated absolute
and comparison analysis data will be uploaded onto the
Affymetrix Micro DB database and processed with Affymetrix
Data Mining Tool (DMT) 3.0 software. The meaningful biological results, i.e,. the functional mining of expression data, will be
studied elaborating the functional annotation data, developed in
our laboratory that extend the Affymetrix Human Genome U95A
(HGU95A) data set with a controlled vocabulary of biological
annotations provided by the Gene Ontology (GO) consortium.
The expression data set from each population (monocytes, neutrophils and eosinophils) are compared with the other 2 data
sets. The genes called increased in both comparison analyses are
sorted according to signal intensity and signal log ratio. Highly
expressed genes (signal >1000) with a signal log ratio >2 are
considered specific of a single population and candidate for a
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specific lineage marker. Tables 1, 2 and 3 report preliminary
results obtained by the comparison analysis among monocytes,
neutrophils and eosinophils, respectively. The expression of the
more interesting genes will be verified by real time PCR.5
Based on these data it is possible to develop antisera or monoclonal antibodies against specific specific markers and to verify the results by flow cytometry on a larger number of samples.
In the second part of the study we will compare the stem cell
expression profile with that of normal terminally differentiated
myeloid cells to study the functional gene expression changes
occurring in normal myeloid maturation.
Funding: This work was supported by AIL (Italian Association
against Leukemia).

Table 1 (below). Genes more expressed in monocytes vs. eosinophils
and vs. neutrophils. Table 2 (right column). Genes more expressed in
neutrophils vs. eosinophils and vs. monocytes.
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PO50
INCREASED DENDRITIC CELL TYPE I:TYPE II RATIO IN GRAFT REJECTION
AFTER ALLOGENEIC LIVER TRANSPLANT
Chirumbolo G,* Arpinati M,* Urbini B,* Masetti M,^
Jovine E,^ Baccarani M,* Pinna A,^ Rondelli D*
*Research Center for Transplant Immunology, Institute of
Hematology and Medical Oncology "Seragnoli", University of
Bologna, Italy; ^Multivisceral and Liver Transplant Division,
University of Modena, Italy
Fourteen patients who received an allogeneic liver transplantation from living (n=2) or cadaveric (n=12) donor and graft
rejection prophylaxis with tacrolimus and steroids entered this
study. The absolute number of circulating immune cells, such as
T lymphocyte subsets, B cells, NK cells, and dendritic cells inducing Th1 (DC1), defined as HLA-DR+Lin-CD11c+, or Th2 responses (DC2), defined as HLA-DR+, Lin- and CD123+, or as BDCA2+,
was analyzed by flow cytometry before (n=13), 1 (n=12) and 6
(n=9) months after transplantation, and at the time of graft
rejection (n=5). Cases of initial rejection occurred within 1
month after transplant. The overall median numbers of lymphocyte populations at the time of transplant were: CD3: 567
cells/mL, CD4: 425 cells/mL, CD8: 78 cells/mL, CD19 cells/mL
and CD56: 88 cells/mL. Median numbers of DC1 and DC2 were:
4.9 (range:1-16) cells/mL and 3.6 (range:1-10) cells/mL, respectively. At the time of graft rejection, CD8+ T cells slightly
increased to 108 cells/mL, while there was an increase of DC1
to 11.7 (range: 2-36) cells/mL and the reduction of DC2 to 2.7
(range: 0-3) cells/mL. DC1:DC2 ratio increased from 1.3 before
transplant to 9 at the time of rejection. Then, normal values of
DC1 and DC2 recovered rapidly, and at 1 and 6 months after
transplant DC1:DC2 ratios were 2.3 and 3, respectively. After 6
months normal values of circulating CD3, CD4,CD8,
CD4/CD45RA, CD8/CD45RA, CD4/CD25, CD8/CD25, CD56 and
CD19 lymphocytes were observed. These findings suggest for the
first time a correlation between the number and type of circulating DC and the occurrence of graft rejection after liver transplantation.
Table 3. Genes more expressed in eosinophils vs. and monocytes vs.
neutrophils.
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EFFECTS OF CYCLOSPORIN-A ON HEMATOPOIETIC AND IMMUNE
FUNCTION IN PATIENTS WITH HYPOPLASTIC MYELODYSPLASIA: IN VITRO
AND IN VIVO STUDIES
Selleri C, Maciejewski J,° Catalano L, Ricci P, Andretta C,
Serio B, Visconte V, Luciano L, Esposito M, Rotoli B
Division of Hematology, Federico II University of Naples, Italy ,
°Experimental Hematology Section, Taussig Cancer Center,
Cleveland, USA
Immunosuppression may benefit some patients with
hypoplastic myelodysplasia (HMDS) and refractory anemia (RA),
but its mechanism of action is still obscure. By flow cytometry
analysis, we studied FAS-receptor (Fas-R), intracellular FAS-ligand (Fas-L) and IFN-γ expression on circulating CD34+, CD3+ and
CD4+ cells respectively, derived from 11 HMDS and 20 RA
patients. In colony assays and long-term cultures (LTC), the
effects of Fas triggering, IFN-γ blockade or cyclosporin-A (CsA)
on the growth of hematopoietic progenitors (colony forming

VII Congress of the Italian Society of Experimental Hematology, Modena, September 15-17, 2002

cells: CFC) were determined. The effects of CsA at daily doses of
1-3 mg/kg for at least three months in HMDS patients were also
studied. In basic conditions, both more committed as well as
immature progenitor cell numbers were depressed in MDS, but
there were no significant differences between HMDS and RA
patients. As documented by the analysis of CD4/CD8 ratio, no
significant increase in the number of circulating CD8+ cells was
found in RA patients (mean: 1.6) and HMDS (1.4) compared to
in normal volunteers (normal range: 1.1). By flow cytometry, in
the presence of the metalloproteinase inhibitor KB 8301 blocking membrane Fas-L cleavage, membrane-bound Fas-L was
almost undetectable on the surface of circulating CD3+ cells
from RA patients, HMDS and healthy controls. However, when
Fas-L was detected using an intracellular staining technique,
patients with RA (4.64) and HMDS (3.48) appeared to express
increased levels of intracellular Fas-L compared to normal controls (2.1), as determined by the mean fluorescence intensity, but
the difference did not reach statistical significance. The percentage of circulating CD4+ cells producing IFN-γ was less than
1% in all unstimulated samples. After in vitro activation of CD4+
cells by PMA, a majority of HMDS patients showed increased
number of CD4+ cells producing IFN-γ (33.12) compared to RA
patients (16.6) and healthy controls (14.4). Increased numbers
of CD34+ cells expressing Fas-R were found in HMDS and RA
compared to those in normal controls. Uniformly, patients circulating and marrow CFC, as well as secondary marrow CFC after
LTC, showed higher susceptibility to Fas-L mediated inhibition of
colony growth than those in healthy individuals. In addition, an
antibody blocking IFN-γ partially improved primary marrow, but
not secondary CFC from HMDS and RA patients. CsA added in
vitro to patients lymphocytes significantly decreased the number of IFN-γ expressing CD4+ cells, but not Fas-L production;
these effects were associated with increased circulating and
primary marrow colony formation. However, similarly to IFN-γ
blockade, production of secondary CFC was not enhanced by
CsA. Administration of CsA to patients resulted in partial but persistent hematologic improvement in 8/11 HMDS patients after
a mean of 3.7 months (range 0.6-8; median 2.3). In conclusion,
the increased frequency of IFN-γ-producing circulating CD4+
cells in HMDS and RA patients provides further evidence that
lymphocyte-mediated suppression of hematopoiesis is involved
in the development of cytopenia and may account for increased
progenitor apoptosis in hypoplastic MDS and RA. The ability of
CsA to decrease IFN-γ production may contribute to improve
hematopoietic function, thus explaining the possible beneficial
effect of this drug in this subgroup of MDS patients.
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Molecular Mechanisms of Lymphomagenesis
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PRIMARY CUTANEOUS LARGE B-CELL LYMPHOMA OF THE LEG:
HISTOGENETIC ANALYSIS OF A CONTROVERSIAL CLINICO-PATHOLOGIC
ENTITY
Rossi D,* Viglio A,° Capello D,* Franceschetti S,* Ridoni R,°
Ludioni M,° Incardina P,° Boveri E,° Bellosta M,# Orlandi E,@
Borroni G,# Lazzarino M,@ Berti E,^ Alessi E,§ Magrini U,°
Paulli M,° Gaidano G*
*Hematology Unit, Division of Internal Medicine, Department of
Medical Sciences, Amedeo Avogadro University of Eastern
Piedmont, Novara, Italy; Departments of °Pathology,
#Dermatology and @Hematology, I.R.C.C.S. Policlinico
S.Matteo/University of Pavia, Pavia, Italy; ^Department of
Dermatology, Ospedale Maggiore Policlinico/I.R.C.C.S. and
University of Milano-Bicocca; §Department of Dermatology,
Ospedale Maggiore Policlinico/I.R.C.C.S. and University
of Milano
Primary cutaneous large B-cell lymphoma of the leg (PCLBCL-leg) accounts for approximately 10% of all primary cutaneous B-cell lymphomas (PCBCL) and has been recently included as a separate entity in the EORTC classification of PCBCL.
Although PCLBCL-leg shows clinical and prognostic features
similar to diffuse large B-cell lymphoma (DLBCL), the putative
biological relatedness of the two disorders remains unexplored.
The aim of this study was to elucidate the molecular histogenesis of PCLBCL-leg by investigating the morphological,
immunophenotypic and genetic profile of cases fulfilling EORTC
criteria for PCLBCL-leg. Genotypic markers of B-cell lymphoma
histogenesis include mutations of immunoglobulin variable (IgV)
and BCL-6 genes, that are both acquired at the time of B-cell
transit through the germinal center (GC). Phenotypic markers of
histogenesis include expression of BCL-6, which is restricted to
GC-B-cells; expression of MUM1/IRF4, which is restricted to late
centrocytes and subsequent steps of B-cell maturation toward
plasma cells; and expression of CD138/syn-1, which clusters
with pre-terminally differentiated, post-GC B-cells. For all cases, hematoxylin-eosin and Giemsa stained section were
histopathologically reviewed and classified according to the
WHO classification of hematologic malignancies and the EORTC
classification of PCBCL. Immunohistochemistry was performed
on paraffin sections. Molecular analysis of IgV genes was performed amplifying IgVH rearrangements with two independent
sets of six VH family-specific primers and a JH primer mix. Both
binomial and multinomial distribution models were used to
define the occurrence of antigen stimulation and selection in
IgVH genes utilized by PCLBCL-leg. Mutational analysis of BCL6 was performed by direct sequencing of a PCR fragment located in the gene 5’ non-coding region and containing >95 of
mutations occurring in human lymphoma. All PCLBCL-leg (n=5)
showed morphological features of DLBCL defined by the WHO
classification, since they presented as diffuse non-epidermotropic infiltrates predominantly composed of large cells cytologically represented by centroblasts or centroblasts and
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immunoblasts. In all cases, the lymphoma cells expressed B-cell
markers and carried phenotypic features of GC-related B-cells,
characterized by expression of both BCL-6 and MUM1/IRF1 in
the absence of CD138/syn-1. In addition, all cases expressed
BCL-2. Amplification of the rearranged IgVH genes yielded a single productive rearrangement in 3/5 cases. One case harbored a
biallelic rearrangement and in one case no IgVH gene rearrangement could be detected. Functional IgVH genes were derived
from VH3 (3 cases) and VH4 (1 case) families, the most widely
VH genes used in the normal B-cell repertoire. All rearranged
IgVH genes carried somatic hypermutation with a similarity to
the closest germ line genes ranging from 95.8% to 82.0%.
Analysis of intraclonal heterogeneity scored negative in all tested cases, ruling out the occurrence of ongoing IgVH mutations.
Evidence of antigen selection was observed in two PCLBCL-leg
in which the number of R mutations in complementarity determining regions (CDRs) was significantly higher than would be
expected to arise solely by chance (p< 0.05). Evidence for a significant counterselection of replacement (R) mutations within
FRs was observed in an additional PCLBCL-leg (p< 0.05). BCL-6
gene was mutated in 4/5 cases, with a total of 24 mutational
events observed among the 4 samples. In all cases, mutations
occurred in the heterozygous state and were exclusively represented by single nucleotide substitutions. The average frequency of mutation was 0.428 × 10-2bp. The implications of these
results are threefold: i) analogous to DLBCL, PCLBCL-leg harbor
IgVH and BCL-6 mutations, documenting the histogenetic
derivation of the lymphoma from GC related B-cells; ii) since
PCLBCL-leg lack ongoing IgVH mutations and express the BCL6+/MUM1+/CD138− phenotype, it is conceivable that the lymphoma reflects the stage of late centrocytes. Because the expression of BCL-6 and MUM1 is mutually exclusive in normal GC Bcells, their simultaneous expression may be a tumor-specific
phenotype caused by molecular deregulation of BCL-6 gene
expression; iii) overall, the molecular and phenotypic profile of
PCLBCL-leg conclusively define that the lymphoma represents a
variant of DLBCL with a specific tropism for the skin.

PO53
TYPICAL WALDENSTRÖM’S MACROGLOBULINEMIA IS DERIVED FROM
A B-CELL ARRESTED FOLLOWING CESSATION OF SOMATIC MUTATION
BUT PRIOR TO ISOTYPE SWITCH EVENTS
Forconi F,* Sahota SS,° Gozzetti A,* Fabbri A,* Mazzotta S,*
Stevenson FK,° Lauria F*
*Cattedra e U.O. Ematologia, Ospedale A. Sclavo, Università di
Siena; °Molecular Immunology Group, Tenovus Laboratory,
Southampton University Hospitals, Southampton, UK
The VH gene status can reveal the origin and clonal history of
a B-cell tumor. In particular, by the analysis of somatic mutation and isotype switch events, which normally occur in the germinal center of the lymph node, it is possible to distinguish preGC (unmutated and un-switched Ig genes), GC (mutated V-genes
with intraclonal variation) and post-GC (homogeneously mutated and switched Ig genes) B-cell tumors. For Waldenström’s
macroglobulinemia (WM), a distinct subtype of lymphoplasmacytic lymphoma with high levels of monoclonal IgM protein in
the serum, early data on limited sequences showed evidence for
somatic mutation. A recent report of one case demonstrated
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intraclonal mutational activity occurring post-transformation, a
characteristic of germinal center lymphomas. To extend the
investigation, the Ig gene transcripts from 7 cases of WM were
analyzed for the presence of somatic mutation and transcripts
alternative to IgM. Analysis was performed by RT-PCR using a
mixture of 5’ VH leader primers together with a 3’ C-µ constant
region primer. Amplified products were gel-purified, cloned and
sequenced. Once the clonal IgM sequence with the full VH transcript was identified, isotype switch variants were searched by
nested and semi-nested RT-PCR using either CDR1, CDR2 or
CDR3 specific primers together with either 3’ C-γ or C-α constant region primers. VH genes were somatically mutated with
no evidence of intraclonal variation in all cases. In contrast to
IgM-secreting multiple myeloma, there was no evidence for isotype switch transcripts in any of the cases, since in all cases it
was not possible to amplify clonal IgG or IgA transcripts. These
data support the concept that typical WM is derived from a Bcell which has undergone and finished somatic mutation prior
to transformation, at a point at which isotype switch events
have not been initiated.

PO54
MOLECULAR HISTOGENESIS OF PLASMABLASTIC LYMPHOMA OF THE ORAL
CAVITY
Cerri M, Capello D, Berra E, Deambrogi C, Rossi D,
Franceschetti S, Larocca LM, Campo E, Gloghini A, Carbone A,
Gaidano G
Haematology Unit, Division of Internal Medicine, Department
of Medical Sciences, Amedeo Avogadro University of Eastern
Piedmont, Novara, Italy; Institute of Pathology, Catholic
University of the Sacred Heart, Rome, Italy; Department of
Pathology, Hospital Clinic, Barcellona, Spain; Division of
Pathology, Centro di Riferimento Oncologico,
Istituto Nazionale Tumori, IRCCS, Aviano, Italy
Plasmablastic lymphoma (PBL) of the oral cavity is a peculiar
type of B-cell lymphoma associated with HIV infection and originating in the mucosa of the oral cavity. Most PBL of the oral cavity display an aggressive course, and prognosis is poor despite
therapy. Although the phenotype of the lymphoma clone is consistent with late stages of B-cell maturation, the molecular histogenesis of PBL of the oral cavity is poorly understood. This
study aimed at refining the molecular histogenesis of PBL of the
oral cavity by investigating several molecular and phenotypic
markers of histogenetic relevance for B-cell lymphoma.The tumor
panel consisted of 12 PBL of the oral cavity arising in HIV-infected individuals. Lymphoma samples were subjected to a detailed
analysis of several histogenetic markers, including mutations of
immunoglobulin heavy gene variable region (IgVH) and BCL-6
genes, that are acquired by B-cells at the time of germinal center (GC) transit. Cases were also tested for phenotypic markers
of histogenesis, namely expression of BCL-6, MUM-1 and CD138
proteins, that distinguish GC B-cells (BCL-6+/MUM-1+//CD138+) from post-GC B-cells (BCL-6-/MUM-1+/CD138+/-).
Evidence of antigen stimulation and selection of IgVH genes was
analyzed by both the Chang-Casali (binomial) and multinomial
statistical methods. Functional IgVH rearrangements were identified in 10 cases of PBL of the oral cavity. The IgVH gene families utilized by PBL of the oral cavity displayed no bias for a specific VH family, and included VH1 (2/10 cases), VH3 (3/10 cases),
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VH4 (2/10 cases), VH5(2/10 cases) and VH6 (1/10 cases). The
IgVH genes utilized by 6/10 PBL displayed germline sequences,
consistent with an origin from a pre-GC B-cell. Conversely,
somatic hypermutation of IgVH genes occurred in 4/10 PBL, suggesting an origin from GC-related B-cells. In these cases, the
IgVH mutation rate ranged from 5.9% to 15.6% in different PBL
samples. Among PBL carrying somatically hypermutated IgVH
genes, two cases displayed a pattern of IgVH mutations consistent with antigen stimulation of the tumor clone, as defined by
a number of replacing mutations within the framework regions
lower than would be expected to arise by chance alone. Analyses of JH gene segments revealed under-representation of the
most commonly used JH4 segment which was identified in only
1/10 cases, whereas 7/10 PBL of the oral cavity (6 with germline
IgVH genes and 1 with mutated IgVH genes) utilized JH6b gene.
Mutations of the BCL-6 gene, which are physiologically accumulated by B-cells during GC transit, were restricted to 1/12 cases of PBL of the oral cavity. All cases of PBL of the oral cavity displayed the BCL-6-/MUM-1+/CD138+ phenotype that is consistent with the late stage of B-cell differentiation of the tumor
clone. The implications of these data are threefold. First, despite
a common phenotype and similar degree of differentiation, PBL
of the oral cavity are characterized by histogenetic heterogeneity. Infact, a subset of PBL of the oral cavity carrying the molecular clues of GC transit conceivably originate from post-GC Bcells. Conversly, another subset of PBL of the oral cavity are
devoid of somatic IgVH mutations and appear to originate from
pre-GC (naive) B-cells. Notably, the tumor cells of PBL of the oral
cavity of pre-GC origin have been able to acquire phenotypic
features of preterminally differentiated B-cells independent of GC
transit, since they stain positive for MUM-1 and CD138. Second,
in contrast to other types of HIV-associated lymphomas, antigen
stimulation and selection appears to play a minor role in the
pathogenesis of PBL of the oral cavity. This notion is reinforced
by the fact that all PBL of the oral cavity with unmutated IgVH
genes utilized a JH6b segment. Indeed, in normal B-cell physiology, the utilization of JH6b is overrepresented in unmutated productive VHDJH rearrangements, and significantly underrepresented in mutated VHDJH rearrangements, suggesting that utilization of JH6b may be disadvantageous for expansion by antigen, whereas it may favour positive selection in the preimmune
unmutated B-cell repertoire. Finally, because histogenesis has
been shown to affect prognosis in other B-cell disorders, these
data prompt the assessment of the prognostic role of IgVH mutations in PBL of the oral cavity.

on FR1, FR2 or FR3 amplification was the most reliable method
to identify the monoclonal population in B-cells malignancies.
In addition, high resolution detection techniques have been proposed to improve the clonality detection rate, since many difficulties of signal interpretation have been encountered in poor
resolution polymer agarose gel. To detect monoclonal IgH
rearrangement, capillary electrophoresis followed by gene scanning analysis, was used in 58 MM patients (43 at diagnosis, 8 at
relapse, 7 treated) included in a high-dose treatment program.
To monitor minimal residual disease (MRD) with CDR2 and CDR3
patient specific primers and to avoid laborious cloning procedures, FR1 non-degenerated primers were used. Only samples
with at least 1% plasma cells, as assessed by cytometry, were
considered. Amplifications were carried out using two sets of 7
forward family specific primers (VH.FD) for FR1 and 6 for the
leader region (VH.LB) of IgH, along with a JH3’ reverse consensus primer, 6-FAM labeled. PCR fluorescent products were subjected to capillary electrophoresis and GeneScan analysis, using
ABI Prism 310. This method allows the detection of the monoclonal population in 69% of the patients tested: 30/43 (70%) at
diagnosis, 7/8 (87.5%) at relapse, 3/7 (43%) of treated patients.
Seventeen patients showed a rearrangement with either VH.FD3
or VH.LB3, the more represented family in MM; 7 patients
showed a rearrangement with either VH.FD1 or VH.LB1, 6 with
either VH.FD4a or VH.LB4, 3 with either VH.FD5 or VH.LB5, 3
only with VH.FD2, no rearrangements were detected for the least
represented gene family VH6. In addition three patients showed
double rearrangements amplified by different VH family-specific primers (Table 1). These rearrangements used different VH, D
and JH genes, as confirmed by sequencing. In our hands capillary electrophoresis with gene scanning is a simple, rapid and
reproducible method to detect IgH rearrangement even in treated patients, with reduced tumor load. Moreover it allows clear
identification of the monoclonal pattern also in the presence of
a polyclonal background. The presence of separate clones in the
same MM patient is rarely reported in literature, mostly in association with a second hematological malignancy. In this study,
we observed three cases with two different VDJ rearrangements
in patients without any other concomitant disease. This finding
could be due to the presence of two clones evolved independently or to rearrangements involving both alleles of a single
cell. In the first case, it is reasonable to expect a significant difference of fluorescence intensity, as observed in patient MO; in
the second case, signals with an overlapping intensity are
expected, as found in patients BM and BA. Monitoring of both
rearrangements during the course of the disease will help to
clarify this issue.
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Table1. Double IgH rearrangements identified.

GENE SCAN ANALYSIS IN MULTIPLE MYELOMA ALLOWS EASY
DETECTION OF IGH MONOCLONAL REARRANGEMENT WITH DIRECT
EVIDENCE OF MULTIPLE REARRANGEMENTS IN A FEW PATIENTS

Patient

Status

VH.FD-JH3' PCR

VH.LB-JH3' PCR

VH.FD3
VH.FD4a
VH.FD1
VH.FD3
VH.FD1
VH.FD3

VH3LB
polyclonal pattern
VH1LB
polyclonal pattern
polyclonal pattern
polyclonal pattern

Novella E, Elice F, Giaretta I, Madeo D, Rodeghiero F
Department of Cell Therapy and Hematology, San Bortolo
Hospital, Vicenza, Italy

BM

Diagnosis

BA

Treated

The efficiency of monoclonal detection in multiple myeloma
(MM) is markedly reduced, with respect to acute lymphoblastic
leukemia (ALL) or chronic lymphatic leukemia (CLL). Recent studies demonstrated that combining different PCR strategies, based

MO

Diagnosis
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ANGIOGENESIS CORRELATES WITH PROLIFERATIVE ACTIVITY IN HIGH
GRADE B-CELL NON-HODGKIN’S LYMPHOMAS
Ranieri G,° Valerio P,* Labriola A,§ Zito AF,§ Catino AM,°
Gadaleta C°
°Interventional Radiology Unit, National Cancer Institute Bari;
*Surgical Unit, Di Venere Hospital Bari; §Pathology Unit,
National Cancer Institute, Bari
The role of angiogenesis in neoplastic diseases is supported by
the evidence that tumor growth beyond a certain size requires
induction of new blood vessels. Microvessel density (MVD), a
surrogate angiogenic index, has been shown to correlate with
biological aggressiveness and clinical outcome in several solid
and hematological tumors. Another biological and prognostic
parameter is the proliferative rate expressed as percentage of Ki67 positive tumoral cells. Ki-67 antigens start to be expressed
in the S phase, increase through S and G2 phases, reaching a
maximum at mitosis. After the division, the cells go into G1
phase with a stock of Ki-67 antigen, whose level progressively
decreases during this phase, disappearing in cells with a long G1.
Therefore Ki-67 protein is expressed throughout the cell cycle in
proliferating cells, but not in quiescent (G0) cells. In this way ki67 can be used to distinguish between proliferating and nonproliferating cells. It has been reported that tumor cells can
induce angiogenesis and in a complementary manner the growth
factors released by proliferating endothelial cells may stimulate
the tumor cells. However few data have been reported on the
correlation between MVD and proliferative rate in haematological malignancies. In this retrospective study we evaluated MVD
and Ki-67 positive proliferating cells in a series of high grade Bcell non-Hodgkin’s lymphomas (B-NHL) according to Working
Formulation. Representative samples of 32 formalin-fixed paraffin embedded B-NHL lymph nodes obtained prior to any therapy were selected. For the immunohistochemical analysis a threelayer biotin-avidin-peroxidase system was adopted. Briefly 6micron thick serial sections, for each tissue sample, were cut.
After heating, slides were incubated with the anti FVIII-RA polyclonal antibody (Dako, Glostrup, Denmark) as pan-endothelial
marker and with the anti Ki-67 monoclonal antibody ( Dako,
Glostrup, Denmark). The bound antibody was visualized by using
biotinylated secondary antibody, avidin-biotin peroxidase complex, and a 3-amino-9-ethylcarbazole (Dako, Glostrup, Denmark).
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Nuclear counterstaining was performed with Gill’s hematoxylin
(Polysciences, Warrington, PA, USA). The slides were evaluated
using an image analysis system (Quantimet 500 Leica). For the
MVD evaluation the Weidner’s method was utilized. The five
most vascular areas hot spots were selected with light
microscopy at low magnification and individual vessels were
counted in 400× fields (40 × objective lens and 10× ocular lens;
0.19mm2 per field; Leitz Orthoplan Germany). Any stained
endothelial cell or endothelial cell cluster clearly separate from
adjacent vessels, tumor cells or other connective-tissue elements
was considered as a single countable microvessel. Vessel lumens
or red blood cells were not considered necessary for identify a
blood vessel. Sclerotic, both hypocellular and necrotic areas
within lymphomatous tissue are not considered for vessel evaluation. For what concerns Ki-67 evaluation, the area showing
the highest density of positive tumour cells, assessed by a preliminary scan at low magnification, was selected. Only specific
nuclear staining was considered. The number of positively
stained nuclei per 400 tumour cells was counted at 400× (40×
objective lens and 10× ocular lens; 0.19mm2 per field). The fraction of Ki-67 positive cells was calculated as the ratio of positively stained tumour cells to all tumour cells. Both MVD and Ki67 positive fraction means and standard deviations (s.d.) were
determined for each tumour sample and in the global series. The
association analysis between MVD and MCD was calculated
using Pearson’s (r) analysis. In our study MVD mean was 28 ± 15
s.d. and Ki-67 positively fraction mean was 61 ± 24% s.d. A statistically significant relationship between these two specimen
characteristics was observed (r=0.41; p=0.01). Our result suggest
that, in high grade B-NHL, MVD paralleled with Ki-67 positive
fraction. The biological link between angiogenesis and proliferative activity could be attributed to the expression of several
important growth factor (e.g. vascular endothelial growth factor, basic fibroblast growth factor, thymidyne phosphorylase
and trasforming growth factor α or β) that are involved both in
the autocrine/paracrine growth stimulation of lymphomatous
cells and in the induction of neovessels. In our hypothesis the
activity of lymphomatous cell proliferation and the angiogenesis may be related to the high malignancy grade of the B-NHL.
On this basis the detection of cell proliferation combined with
angiogenesis may be a potential prognostic factor worthy of
clinical investigation.

PO57
WILMS’ TUMOR GENE OVEREXPRESSION IS NOT A COMMON EVENT IN
CHRONIC LYMPHOPROLIFERATIVE DISEASES
De Micheli D, Gottardi E, Circosta P,° Persichella L,
Tessore N, Gaidano G,# Alfarano A,* Cilloni D, Saglio G
Dipartimento di Scienze Cliniche e Biologiche, Università di
Torino, °Laboratorio di Immunologia Oncologica, IRCCS,
Candiolo,Torino, #Medicina Interna, Università del Piemonte
Orientale A. Avogadro, Novara, *Dipartimento di Immunologia e
Malattie Infettive, Università di Torino
The Wilms tumor gene (WT1) is a tumor suppressor gene coding for a zinc finger transcriptional factor involved in the pathogenesis of the Wilms Tumor. It is overexpressed in blast cells of
acute and chronic myeloid leukemias, so it can be considered a
marker of leukemic hematopoiesis. By contrast, it is expressed at
very low levels in normal peripheral blood and bone marrow sam-

VII Congress of the Italian Society of Experimental Hematology, Modena, September 15-17, 2002

ples In spite of this, at present the functional significance of WT1
in normal and leukemic hematopoiesis is still completely elusive.
We have demonstrated that WT1 is overexpressed also in acute
lymphoblastic leukemias even if at lower levels with respect to in
AML. Very little is known about Wilms’ tumor gene expression in
chronic lymphoproliferative diseases. We set up a real time quantitative PCR (Taqman method) using ABI Prism 7700 (Applied
Biosystems) for the detection of WT1 transcript levels. We used
ABL as the control gene and we expressed the values obtained as
WT1 copy number every 10000 ABL copies. The results were
extrapolated from two plasmid standard curves containing WT1
and ABL target sequences. We analyzed 68-non Hodgkin’s lymphomas (36 chronic lymphocytic leukemias (CLL), 6 Burkitt's Lymphomas, 6 diffuse large cell lymphomas, 3 follicular lymphomas,
3 hairy cell leukemias, 3 mantle cell lymphomas, 3 pleural effusion lymphomas, 1 adult T-cell lymphoma, 3 prolymphocytic
leukemias, 1 plasma cell leukemia, 1 splenic lymphoma with villous lymphocytes, 1 T-CLL , 1 T-lymphocytic lymphoma. To establish a range of normal values we considered the data obtained in
20 BM (mean value: 78/10,000 ABL copies) and 33 PB (mean value 4/10,000 ABL copies) from healthy volunteers analyzed in our
previous study. Sixteen out of 31 CLL samples scored completely
negative for WT1 expression, and the mean value calculated in the
remaining 15 samples was very low (5 copies/10,000 ABL copies).
Similar transcript levels were obtained in the other lymphoma
samples with no significant difference between the subgroups,
suggesting that WT1 is unlikely to be involved in lymphoma
pathogenesis. However further studies to clarify the role of WT1
in normal and leukemic hematopoiesis are required.

PO58
OVEREXPRESSION OF JUST TWO VL GERMLINE SEGMENTS, 3R (λ III) AND
6A (λ VI), ACCOUNTS FOR THE λ LIGHT CHAIN PREDOMINANCE TYPICAL
OF AL AMYLOIDOSIS
Perfetti V, Casarini S, Palladini G, Navazza V, Malazzi O,
Ascari E, Merlini G*
Internal Medicine and Medical Oncology; *Biotechnology
Research Laboratories, Department of Biochemistry,
University of Pavia, IRCCS Policlinico S. Matteo, Italy
Immunoglobulin light chain variable regions are formed
through recombination of one of a multitude of VL germline segments to one of a few JL segments. In primary (AL) amyloidosis,
monoclonal light chains self-aggregate and generate insoluble
extracellular fibrils (amyloid) in various organ targets. Light-chain
amyloid is rare, and it is not fully understood why it occurs in only
a fraction of patients with a circulating monoclonal light chain
and why it typically associates with the lambda isotype (λ/κ ratio:
3/2) and λ VI family-light chain proteins. Preferential/altered V
λ-J λ gene usage might provide an explanation for these issues.
To this end, we obtained complete nucleotide sequences of monoclonal V λ regions from 55 consecutive unselected cases of primary amyloidosis and the results were compared with the light
chain expression profile of polyclonal marrow plasma cells from
3 normal donors (a total of 264 sequences). Sequences were
obtained by means of an unbiased inverse-PCR strategy employing couples of primers that are both specific for constant region
isotypes.1,2 V λ region sequences were matched in databases and
germline VL and JL germline segments identified. All sequences
(monoclonal and polyclonal) deviated from the germline because
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of somatic mutations, and the overall frequency of nucleotide
substitution was lower in amyloidosis than in polyclonality (amyloid, mean 6.4%, 95% CI, 5.7-7.2%; polyclonality, mean 7.4%,
95% CI, 7.0-7.8%, p=0.021, χ2 test). V λ family usage was
remarkably similar in the 3 normal individuals, and results were
then pooled. Only the first three (V λ I, 25%; V λ II, 24%; V λ III,
43%) out of the ten V λ germline gene families contributed significantly to the repertoire of polyclonal light chains. The λ III
family was the most frequently observed in amyloidosis too
(47%), whereas V λ I (15%) and V λ II (16%) were relatively
underrepresented because of increased usage of the V λ VI family (amyloid, 20%, polyclonality, 2%). The most interesting results
came from analysis of V λ gene usage. Gene restriction was a feature in both conditions. Just 5 segments accounted for approximately 50% of all polyclonal light chains, and these included 3
members of the λ III family (3h, 15%; 3m and 3r, 8% each), a
lambda II- (2a2, 12%) and a λ I member (1e, 8%). Gene restriction was even more evident in amyloidosis, since only 3 gene
segments were sufficient to encode 53% of V λ regions (in
decreasing order of magnitude, 3r,6a,3h). The rearrangement frequencies of 3r (22%) and 6a (20%) were much higher than in
polyclonality, revealing a preferential association of these genes
with amyloidosis (3r, p=0.024; 6a, p=0.0008, significance lessened according to Bonferroni). As regards the use of J λ segments, overexpression of J λ 2/3 was found in both instances.
However, the frequency of this segment appears to be significantly higher in AL (83% vs 67% of cases, p=0.030 with Bonferroni correction), with relative underutilization of J λ 1 (15% vs
33%, p=0.016). A secondary aim of the study was to determine
whether germline gene use might relate to the different organ
tropism that is typical of primary amyloidosis. To this end,
patients were stratified according to the main organ involved
and the observed pattern was fairly representative of a typical
amyloid population. Analysis revealed that patients whose monoclonal light chain used the 6a germline gene were more likely
to present kidney as dominant organ involvement (p=0.019). On
the other hand, the distribution observed in the 3r-patients paralleled that in the general patient population. There was no difference in the numbers of organ involved at diagnosis between
patients with 3r- and 6a-light chains (p=0.207). In conclusion,
this study demonstrates that a relevant proportion of amyloidogenic and polyclonal λ light chains are synthesized through
recombination of just a few gene segments. Such a restriction is
particularly evident in amyloidosis in which two gene segments,
namely 3r and 6a, are preferentially expressed. In addition, while
3r-patients apparently present amyloid infiltration of various
organs, this study support the previous observation that 6a-light
chains preferentially generate amyloid in the kidney.3 While the
association of 6a-light chains with amyloidosis is well known, 3r
represents a new amyloid-associated gene segment, possibly
because of biochemical and structural features altering protein
stability. Since these two gene segments are responsible for
approximately 40% of total amyloid λ light chains, overrepresentation of 3r and 6a can account for the λ light chain predominance typical of AL amyloidosis.4
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Molecular Mechanisms of Leukemogenesis
PO59
INSERTION OF CHROMOSOME 3 SEGMENTS INTO THE LONG ARM OF
CHROMOSOME 21 AS NEW PATHWAY OF CML BLAST CRISIS EVOLUTION
AND RESISTANCE TO STI571 THERAPY
Giunta M,* Pellizzari L,* Cecchini E,* Tiribelli M,#
Russo D,° Sessarego M,^ Fugazza G,^ Bruzzone R,^ Fanin R,#
Damante G*
*Istituto di Genetica, Policlinico Universitario di Udine; #Clinica
Ematologica, Policlinico Universitario di Udine; °Cattedra di
Ematologia, Università degli Studi di Brescia; ^Dipartimento di
Medicina Interna, Università degli Studi di Genova
Chronic myeloid leukemia (CML) is characterized by the
Philadelphia (Ph) chromosome translocation, t(9;22), which gives
rise to the BCR-ABL fusion gene encoding a chimeric protein
with constitutive tyrosine kinase activity that causes the disease.
CML evolution from the chronic to the blast phase is characterized by marked drug refractoriness and secondary cytogenetic
abnormalities, which definitively cooperate to the malignancy of
the Ph+ clone.1 The reciprocal t(3;21)(q26;q22) is one of the molecular abnormalities associated with the CML progression.2
STI571 (Imatinib Mesylate - Glivec), an inhibitor of the tyrosine
kinase activity of BCR-ABL, represents a novel, very promising
therapeutic approach that is effective in controlling either the
chronic phase and the disease evolution, though to a minor
extent.3,4 Although patients with advanced disease are far more
likely to be resistant or relapse, it has been observed that STI571
is still able to target BCR-ABL.5 We report on a novel case of CML
blast crisis evolution distinguished by an ins(21;3), associated
with poor response to STI571. This case showed an impressive
karyotypic progression without any Ph and clonal evolution suppression despite persistent STI571 administration. At diagnosis
the karyotype was 46,XY,t(9;22)(q34;q11). The patient, after 6
months of interferon α therapy, developed a myeloid blast crisis. By this time, in addition to the Ph, 83% of the cells harbored
a variant of the t(3;21) that, by FISH analysis, turned out to be
an insertion of a chromosome 3 fragment into the long arm of
the chromosome 21: ins(21;3)(q22;q21q26); further FISH characterization showed that the insertion disrupts the AML1 gene
sequence at 21q22. STI571 therapy was initiated at 600 mg/die.
Within the first months the patient achieved a complete hematologic response, despite a further karyotype evolution. In particular, after 1 month the metaphases became 100% Ph+,
ins(21;3)+, then 20% of the cells displayed a 47 chromosome
iperdiploid Ph+, ins(21;3)+ cell line due to an extra
der(21)ins(21;3). By the fifth month of STI571 therapy thehyperdiploid clone became the predominant cell line representing
97% of the total cell population. During the following month the
hematologic response was lost and the patient developed a new
blast phase. The STI571 therapy was stopped and the patient died
shortly after. Such an evolution strongly suggests that the
ins(21;3) confers a growth advantage to the initial Ph+ clone
and may be responsible for the observed STI571 resistance.
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Indeed, no amplification of BCR-ABL was detectable during the
latest phases of the disease progression and further FISH characterization was able to exclude deletions on the derivative
chromosome 9, a condition that has recently been associated to
a worse prognosis.6 We are now going to detect the presence of
mutations in the region corresponding to the ATP binding pocket and the activation loop of the kinase domain of BCR-ABL,
another described resistance mechanism. To further characterize the molecular pathways responsible for the final oncogenic
transformation of the Ph+ cell clone we performed RNA polymerase chain reaction experiments. Using specific primers to
detect the different chimaeric transcripts between AML1 at
21q22 and EAP, MDS1 and EVI1 at 3q26 we did not find any specific messengers for the t(3;21) chimaeric proteins. Nevertheless,
by the time of the cytogenetic evolution, we were able to detect
EVI1 expression, which has been described in cases with 3q26
abnormalities and implicated in the pathogenesis or progression of some myeloid malignancies.7 In conclusion, it seems that
the proliferative driving force of the Ph+ clone during the blast
crisis of this patient is linked to the unique secondary cytogenetic aberration that has been described. Two oncogenic mechanisms may be recognized:
1) disruption of the AML1 gene sequence by the 3q inserted
bands; this rearrangement duplicates during the disease progression and the molecular effect may be similar to that
described for the chimaeric transcripts resulting from the classical t(3;21), where the AML1 truncation (rather than its fusion
to the partner genes on 3q) seems to play a major role in the
leukemogenic evolution;8,9
2) EVI1 expression, due to the inappropriate juxtaposition of
3q26 to 3q21 following the described chromosomal insertion
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PO60
COEXISTENCE OF A PHILADELPHIA-NEGATIVE AND A
PHILADELPHIA-POSITIVE CLONE DISCLOSED BY STI THERAPY
Rege Cambrin G, Scaravaglio P, Giugliano E, Cilloni D,
Mattioli G, Messa E, Gottardi E, Sessarego M,* Saglio G
Medicina Interna II, Dipartimento di Scienze Cliniche e
Biologiche, Osp. S. Luigi Gonzaga, Orbassano; *Dipartimento di
Medicina Interna, Università degli Studi di Genova, Italy
Based on the initial observation of Fialkow et al., who showed
the existence, in Ph+ CML patients, of a Ph-negative clonal population of B lymphocytes, the hypothesis that a clonal expansion
could precede the occurrence of the Ph-chromosome translocation and that CML could represent the result of a multistep
process has been previously suggested. Nevertheless, in patients
who achieved a complete cytogenetic response (100% Ph-negative mitosis) following α-IFN therapy or other procedures, the
existence of this clonal population has never been demonstrated. In these cases, however, one can argue that the therapy able
to suppress the Ph+ cells could also have been effective in suppressing the Ph-negative clonal population. The advent of therapy with Imatinib (STI, Glivec, Novartis), a highly selective
inhibitor of BCR-ABL tyrosine-kinase, able to target specifically
the Ph+ population, has introduced a new possibility of verifying the Fialkow’s hypothesis. Here we report the case of a
patient with a Ph-positive, BCR-ABL positive CML, who after
achieving a complete cytogenetic remission with Imatinib,
showed persistence and re-expansion of a Ph-negative myeloproliferative disorder, resistant to the molecularly targeted therapy. The 62-year old patient was first observed in Oct 1997 in
another hospital because of leukocytosis, mild thrombocytopenia and splenomegaly. Immature myeloid cells, rare erythroblasts
and teardrop cells were observed in peripheral blood; bone marrow (BM) was hypocellular with trilineage dysplasia and collagen fibrosis. At that time the presence of a Ph-chromosome was
not detected. The diagnosis was idiopathic myelofibrosis and the
patient remained untreated and stable until March 1999, when
white blood cells (WBC) started to increase up to 90,000/mm3
with a parallel drop in platelet count and increase in spleen size.
BM aspirate demonstrated 15% myeloid blasts in a hypocellular marrow with hyperplastic myeloid series. Hydroxyurea treatment was started with partial hematological remission. In Jan
2000 molecular and cytogenetic analyses were repeated and
BCR/ABL transcript (p190 type) and Ph-chromosome in 100% of
the cells were observed. After an initial attempt give intensive
chemotherapy treatment, that was finally refused by the patient,
he was referred to our hospital. At that time (Jun 2000) 95% of
BM cells were Ph-positive. The patient was initially meant to be
treated with α-IFN, but due to hematologic resistance, after
three months he was shifted to receive STI571, that in the meanwhile had become available. At the time of cross-over, both
standard and molecular cytogenetics, in spite of high WBC
count and immature myeloid cells in peripheral smears, already
showed a minor cytogenetic remission, which was not considered relevant because of the hematologic data. STI treatment
resulted in an initial improvement, soon followed however by a
new worsening of the hematogical picture and progressive
increase in the WBC and platelet counts. A BM done on day +90
was consistent with a myeloproliferative disorder without fibrosis. However, all mitoses had a normal diploid karyotype at stan-
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dard cytogenetics and Ph+ cells at FISH were only 4% of the
total. In this patient, treatment with STI resulted in the inhibition of the Ph+ clone, but clearly disclosed the existence of a preexisting Ph-negative clone classifiable as atypical CML, formally adding other data in favour of the Fialkow’s hypothesis.

PO61
REVERSAL OF MULTIDRUG RESISTANCE BY NEW VERAPAMIL ANALOGS
Biscardi M,° Grossi A,° Gavazzi S,° Teodori E*
°Divisione di Ematologia, Policlinico di Careggi, Firenze;
*Dipartimento di Scienze Farmaceutiche, Università di Firenze
The development of refractory disease is often associated with
the overexpression of multidrug resistance (MDR) proteins, especially in several hematologic malignancies, such as acute myeloid
leukemias (AML), multiple myeloma and non-Hodgkin’s lymphomas (NHL). Since the recognition of these proteins, several
attempts have been made to modulate their expression and
activity (protein kinase C inhibitors, anti-MDR-1 oligonucleotides, pharmacologic competitors, transcriptional inhibitors).
Five new compounds (CTS 4, CTS 9, CTS 12, CTS 27 and CTS 41),
derived from verapamil, were designed and synthesized to
improve their MDR-reverting activity and reduce cardiovascular
effects. Cytotoxicity tests were performed on erythroleukemic
cells K-562 and mononuclear cells (MNCs) of 15 AML patients.
Both cell types were treated with idarubicin (IDA) at different
concentrations, with or without inhibitors for 72 and 48 h,
respectively. The cytotoxic effect was evaluated with a colorimetric method (WST-1). Besides, both K-562 cells and AML
MNCs were characterized for MDR phenotype by cytofluorimetric analysis with anti-Pgp (P-glycoprotein) (MRK16 epitope) and
anti-MRP-1 (multidrug-resistance related protein 1) (MRPr1 epitope) monoclonal antibodies (MAb). Results were reported,
according to Huet et al. (Cytometry, 1998), as MFI (mean fluorescence intensity) ratio between MAb and isotypic control signal. Comparison between survival plots and relative ID50,
obtained from K-562 cells treated with IDA, in the presence or
absence of inhibitor, showed a good activity of these compounds: CTS 27 and 41 presented the most interesting pharmacological profiles that produced a reduction of drug concentration able to induce 50% cell death. Results obtained from MNCs
were superimposible to K-562. Further studies (apoptosis induction and pump functional analysis) are in progress to confirm
cytotoxic test results. If the new compounds do not show relevant ionotropic and chronotropic activity that would restrict
their use, they could offer a pharmacological alternative to verapamil in MDR modulation.

PO62
IMMUNOHISTOCHEMISTRY ANALYSIS OF BONE MARROW ANGIOGENESIS
IN ACUTE MYELOID LEUKEMIA AND MYELODYSPLASTIC SYNDROME
Carrai V, Alterini R, Carpaneto A, Biafora D, Rigacci L
Divisione di Ematologia Azienda Opsedaliera Careggi e
Università degli Studi di Firenze, Florence
There is considerable experimental evidence to indicate that
tumor growth is angiogenesis dependent and it’s key role in solid tumor growth is well established. In contrast, few data are
avaible for hematological malignancies, specially concerning
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bone marrow neo-vascolarization in acute leukemia. We have
studied some monoclonal antibodies implicated in the neoangiogenesis process, in particular: MoAb anti vWF (endothelial
marker), MoAb anti VEGF and IL-8 (pro-angiogenetic factor),
MoAb anti KDR (VEGF receptor), MoAb anti MMP-9 and u-PA
(degradation ECM enzymes), MoAb anti Tenascina C (ECM component), MoAb anti Caderina E (adhesion molecule). We have
evaluated 8 acute myeloid leukemia (AML) and 2 myelodisplastic syndrome (MDS) bone marrow biopsies. Parrafin biopsies, 2,5
mm thickness, have been treated with immunohistochemestry
using the APAAP method. Our series of AML patients had the following characteristics: four patients were M2 FAB phenothype,
two patients were M4, one case each of AML M3 and M1. In
four cases bone marrow blasts were >90%, in one case 80%
and in three cases 60%. Quantification analysis of stained sections were evaluated by light microscopy and examined by two
observers; intraobserver and interobserver variations were less
than 5%. Our results for AML patients were: three cases have
VEGF hypoexpression with absent bone marrow vascularization.
All these cases have M1-M2 FAB phenotype. KDR expression is
high in all cases independently of VEGF and vWF expression. IL8 and tenascin C expression were changeable in all cases. The
degradation of ECM enzymes’ expression, MMP-9 and u-PA, was
inversely related, however u-PA is overexpressed in all cases.
Four of five cases had MMP-9 hypoexpression and these patients
had M1-M2 FAB phenotype. Cadherin E was hypoexpressed in
all cases except in one patientet with AML M3 in which it was
overexpressed. In patients with MDS we observed a different
expression of a few antibodies. In particular, we observed VEGF,
KDR, Tenascin C and u-PA hypoexpression in both MDS cases. In
conclusion, we confirm that these biological markers are implicated in the complex angiogenesis process and their expression
could acquire prognostic significance with the broadening of
our series.

PO63
EFFECT OF STI 571 ON PROGENITOR CELLS FROM PATIENTS AFFECTED BY
MYELOFIBROSIS WITH MYELOID METAPLASIA: ANALYSIS OF EXPRESSION
BY REVERSE-TRANSCRIPTASE POLYMERASE CHAIN REACTION OF C-KIT
AND PDGF-R AS MOLECULAR TARGETS FOR STI 571
Piaggio G,° Pozzi S,° Castello S,° Pitto A°, Barosi G,§ Frassoni F°
°Divisione di Ematologia 2, Ospedale San Martino, Genova,
Italy; §IRCCS Policlinico San Matteo, Pavia, Italy
Preclinical studies shows that the STI571 molecule (Novartis
Inc., Basel, Switzerland) is highly effective in blocking the tyrosine kinase activity of Abl, c-kit (stem cell factor receptor) and
PDGF-R (platelet-derived growth factor receptor) but it has little effect on other tyrosine kinases. Furthermore, is are evidence
of a structural homology between the Bcr-Abl, c-kit and PDGFR ATP-binding sites. STI571 is a phenylaminopyrimidine molecule
that can occupy the kinase pocket of structurally related proteins
blocking the access to ATP and preventing phosphorylation of any
substrate. In this study, we aim to extend the activity profile of
STI571 and point out a possible correlation between the number
of circulating CD34+ cells and the in vitro response. In fact, it is
well known that the high number of CD34+circulating cells is a
main characteristic of myelofibrosis with myeloid metaplasia
(MMM): it permits distinction of the disease from other chronic
myeloproliferative disorders and predicts evolution towards blas-
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tic transformation (Barosi et al., Blood 2001;98:3249-55). A further molecular analysis, performed at RNA level, will allow us to
verify c-kit or PDGF-R as targets for STI571 molecule. We tested STI571 capacity to inhibit the in vitro progenitor cell growth
of patients affected by MMM and then analyzed the level of
expression of c-kit and PDGF-R genes by RT-PCR. We enrolled 21
patients affected by MMM (according to the Italian Consensus
Criteria for MMM, 1999) whose peripheral blood mononuclear
cells (MNC) were assayed for in vitro colony growth alone and in
the presence of three different STI571 concentrations: 0.1, 1 and
10 micromolar. Total RNAs obtained from peripheral blood of the
same patients were analyzed by RT-PCR to test the c-kit level of
expression compared to that of normal individuals. The CFC assay
identified a group of patients scarcely inhibited (MMM1) and a
group of patients efficiently inhibited (MMM2) by STI571 compared to 7 normal bone marrow cell samples (respectively
p=0.006 and p=0.06). The inhibition rates in the presence of the
three different STI571 concentrations were significantly different: 50% in the MMM2 group of patients vs. 12% in the MMM1
group at 0.1 µmolar concentration (p=0.0001), 83% vs. 42% at
1 µmolar concentration (p=0.0006) and 84% vs. 52% at 10 µmolar concentration (p=0.01). The MMM1 group inhibition rate was
significantly different the from normal control at 1 and 10 micromolar concentrations (p=0.04 and p=0.008). Moreover, the median value of circulating CD34+ cells in the MMM1 group is 369/µL
(16-921) vs. 21/µL (3-38) in the MMM2 group. The data show a
highly significant inverse correlation between the absolute number of circulating CD34+ cells and the inhibition rate of colony
growth due to the STI571 effect (p=0.001). RT-PCR preliminary
results show that the level of expression of c-kit gene in all
patients affected by MMM is higher than in normal individuals.
Furthermore, there is no correlation between the c-kit level of
expression and the different inhibitory effects of STI571 in vitro
even considering the two groups of patients. PDGF-R tests are
currently ongoing and the data collected under evaluation. We
conclude that STI571 inhibits in vitro colony growth in MMM
patients with limited CD34+ cells number in the peripheral blood.
For such reason its potential clinical use should be considered
only in the early phase of the disease, since CD34+ cell number is
a marker of disease progression. The molecular analysis of c-kit
and PDGF-R at RNA and, in future, at DNA level, will allow us to
identify the molecular target of STI571 activity.

PO64
SECOND MYELOID BLAST CRISIS FOLLOWING TREATMENT WITH IMATINIB
MESYLATE (STI571) OF A LYMPHOID BLAST CRISIS IN A PATIENT WITH
CHRONIC MYELOID LEUKEMIA: MIGHT REINTRODUCTION OF STI571 BE
EFFECTIVE AFTER A TWO MONTH WITHDRAWAL?
Facchini L, Luppi M, Morselli M, Potenza L, Saviola A,
Bresciani P, Tonelli S, Marasca R, Castelli I, Artusi T,
Bonacorsi G, Leonardi G, Dini D, Malavolti R, Torelli G
Department of Oncology and Hematology, University of
Modena and Reggio Emilia. Modena
Imatinib mesylate (STI571), a selective BCR-ABL tyrosine kinase
inhibitor, induces sustained hematological remission in patients
with chronic myeloid leukemia (CML) in chronic phase, although
in advance phases, expecially in blast crisis, the leukemia becomes
resistant within months. STI571 resistance has been reported to
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be associated with point mutations in the ABL domain critically
involved in STI bonding formation, and with ABL-BCR gene amplification. In vitro studies on a STI resistant CML blast crisis cell line
showed that sensitivity to STI may be restored when the inhibitor
is left off for at least two months (Goldman JM et al. Blood 2001;
98: 3864-7). Here we describe the occurrence of a second myeloid
blast crisis following treatment with STI571 of a lymphoid blast
crisis in a CML patient. In February 2000 a 65 year-old male
patient was diagnosed with chronic phase CML: the peripheral
blood smear showed hyper-leucocytosis (W.B. 120 × 106/L) with
basophilia and immature myeloid cells, mild thrombocytosis (PLT
575 × 106/L) and microcytic hypochromic anaemia (Hb 9.5 g/dl).
Physical examination was unremarkable except for mild
splenomegaly. Karyotypic and molecular analyses performed from
bone marrow (BM) and peripheral blood (PB) cells showed Ph.
Chromosome, with the simultaneous presence of both the p210
(b3a2 type) and the p190 (e1a2 type) transcripts, but with a high
p210/p190 transcript expression ratio. Leukaphereses and cytoreductive treatment with oral Ara-C (200 mg/d) and α-Interferon
(6 × 106/L U/d) were started. In July 2001, he presented with pancytopenia which has been morphologically, immunophenotypically, cytogenetically and molecularly characterized as a
p210/p190 lymphoid blast crisis. The patient underwent an induction chemotherapy cycle (VCR+DNM+PDN) followed by oral
STI571 treatment (400 mg/d) which led to complete hematological remission, although with bone marrow persistence of p210
and p190 transcripts. After seven months (March 2002), STI571
treatment was dropped out because of grade III thrombocytopenia. Morphological, immunophenotypic, cytogenetic and molecular marrow examinations were consistent with the diagnosis of
accelerated phase (blasts 25-30%), characterized by a majority of
myeloid and undifferentiated blast cells. Bone marrow molecular
study revealed the presence of both the p210 and p190 transcripts. In May, two months after its withdrawal, STI treatment
has been reintroduced. The results of molecular studies and the
clinical follow-up of the patient will be presented.

PO65
ASSOCIATION OF 3q26 SYNDROME WITH DIFFERENT RPN1/EVI1 FUSION
TRANSCRIPTS IN ACUTE MYELOBLASTIC LEUKEMIA PATIENTS
Martinelli G, Ottaviani E, Isidori A, Malagola M, Buonamici S,
Testoni N, Visani G,* Piccaluga P, Rondoni M, Tura S,
Baccarani M
Institute of Hematology and Medical Oncology “Seràgnoli”,
University of Bologna, Italy; *Department of Hematology,
H San Salvatore, Pesaro
Acute myeloblastic leukemia (AML) with features of myelodysplastic syndrome (MDS) and abnormalities of megakaryocytopoiesis often presents cytogenetic aberrations of 3q21 and
3q26 bands, involving the paracentric inversion [inv(3)
(q21q26)], or a reciprocal translocation [t(3;3)(q21;q26)]. These
abnormalities frequently cause inappropriate EVI1 expression.
Other genes that have been implicated are GR6 and RPN1 (both
on 3q21). Using reverse transcription polymerase chain reaction
(RT-PCR), we evaluated expression of EVI1 and GR6, and particularly of the fusion genes RPN1-EVI1 and GR6-EVI1 in 9 AML
patients with either inv(3) (q21q26) (7 cases) or t(3;3)(q21;q26)
(2 cases). EVI1 and GR6 were always expressed, as was RPN1-
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EVI1. GR6-EVI1 was always absent. In 8/9 patients, the part of
EVI1 retained in RPN1-EVI1 contained blocks B and C of the PR
domain commonly found in the MDS1-EVI1 fusion gene. In the
remaining patient [with inv(3) (q21q26)], only block C was
retained: we named this variant fusion gene RPN1-δEVI1. This
patient lacked the micromegakaryocytopoiesis frequently found
in 3q26 syndrome. These findings support the hypothesis that
EVI1 activation plays a role in the pathogenesis of the 3q26 syndrome. EVI1 expression might occur either as a consequence of
rearrangements leading to the formation of different fusion
transcripts, such as RPN1-EVI1 and RPN1-EVI1 or following disruption of the PR activator domain of MDS1-EVI1 gene.
Funding:This work was supported by Italian Association of Cancer Research (A.I.R.C.), by M.U.R.S.T. (S. Tura 40%), by C.N.R. no.
98.00526.CT04 target projects, M.U.R.S.T. (M. Fiacchini 60%) and
by “30 Ore per la Vita” A.I.L. grants.

PO66
HIGHER PREVALENCE OF CYP1A1 M4 POLYMORPHISM IN ADULT ACUTE
MYELOID LEUKEMIA AND NEGATIVE PROGNOSTIC VALUE OF THE
ASSOCIATION OF CYP1A1 MUTATIONS AND GLUTATHIONE
S-TRANSFERASE M1 DELETIONS
D’Alo’ F, Scardocci A, Guidi F, Massini G, Chiusolo P, Pagano L,
Hohaus S, Leone G, Voso MT
Istituto di Ematologia, Università Cattolica S. Cuore, Roma
CYP1A1 is a key enzyme involved in the bioactivation of several chemical carcinogens, including polycyclic aromatic hydrocarbons. CYP1A1 polymorphisms have been associated with an
increased risk of cancer, including lung squamous cell carcinoma and childhood acute lymphoblastic leukemia. We were interested in the role of CYP1A1 m1, m2 and m4 mutations as risk
factor for adult acute myeloid leukemia (AML) and whether these
polymorphisms had prognostic relevance. The prevalence of
CYP1A1 m1, m2 and m4 mutations were analyzed by RFLP-PCR
in 165 patients with acute myeloid leukemia, 90 males and 75
females, with a median age of 63 years (range 19-87 yrs), and
compared to those in 258 cancer-free controls of similar age, sex
and geographic distribution. No differences were found in the
distribution of m1 and m2 CYP1A1 polymorphisms between the
two groups. Heterozygous m1 mutations were present in 19/136
AML pts (13.9%) and 20/128 controls (15.6%, p=0.7), while m2
mutations occurred in 10/165 pts (6%) and 23/258 controls
(8.9%, p=0.3). A statistically significant higher prevalence of m4
mutations was found in AML patients. Twenty-eight/162 pts
were heterozygous for m4 (17.3%), and 2/162 were homozygous
(1.2%), while 23/249 controls (9.2%) were heterozygous (
p=0.001, OR 2.2, 95% C.I. 1.2-4) and none was homozygous.
The CYP1A1 genotype was not associated with patients’ characteristics, such as age, gender, history of previous cancer,
response to induction therapy, rate of toxic deaths, overall survival and event-free suvival. We then examined the prognostic
significance of the association between CYP1A1 polymorphisms
and glutathione S-transferase (GSTM1 and/or GSTT1) deletions.
Patients with any CYP1A1 mutation and a GSTM1-null genotype
had a lower probability of overall survival when compared to
patients with normal or single-mutated genotypes (p=0.04). The
pattern of polymorphisms of detoxification enzymes, including
CYP1A1 and GST, might be associated with negative prognosis
in patients with AML, and may identify new categories of risk.
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PO67
MICRODELETIONS OF KNOWN SUPRESSOR GENES/LOCI DO NOT
ACCOMPANY 5Q- CHROMOSOME IN MDS/AML
Crescenzi B,* La Starza R,* Romoli S,* Matteucci C,* Aventin A,°
Ciolli S,# Nozzoli C,# Martelli MF,* Mecucci C*
*Hematology and Bone Marrow Trasplantation Unit, University
of Perugia; °Servei de Hematologia, Hospital De La Santa Creu I
Sant Pau, Barcelona; #Institut of Hematology, University of
Florence
An interstitial deletion of the long arm of chromosome 5, del
(5q), is the most specific structural change in myelodyplastic
syndromes (MDS), namely in the refractory anemia (RA) subgroup. The same karyotypic change, however, may be found also
in acute myeloid leukemia (AML), usually in the presence of trilineage myelodysplasia. Two specific questions were addressed
in this interphase FISH study. First, a panel of probes was tested in 5q-/RA patients to determine whether loss of known suppressor genes contributes to the pathogenesis of the 5q- syndrome. Furthermore, the same panel of probes was checked in
patients with refractory anemia with excess of blasts (RAEB) or
acute myeloid leukemia (AML) and 5q- as sole karyotypic change,
to search whether additional specific genomic loss(es) intervene
in the 5q- malignant clone of progressive disorders. Twenty cases with diagnosis of AML (n=8), MDS-RA (n=10), and MDS-RAEB
(n=2) were included in this study. Conventional cytogenetics
showed that 5q- was the sole karyotypic change in 18 patients.
Trisomy 8 and trisomy 21 were present, as additional anomalies,
in one case of AML and one case of RA, respectively. The eleven
chromosomal regions selected for the study were: FHIT1 (3p14);
Ikaros (7p13); D7Z1 (7q31); PTEN (10q23); WT1 (11p13); ATM
(11q23); D13S25 (13q14); P53 (17p13); NF1 (17q11); MADR2
(18q21); AML1 (21q22). FISH probes for 13q14 and 7q31 were
commercially available (Vysis, Downers Grove, IL, USA); the Ikaros
gene probe was kindly provided by Dr. Hosokawa (Cancer Center of Tokyo); the AML1 probe was kindly provided by Doctor M.
Rocchi (University of Bari); all other probes were kindly provided by Prof. Peter Marynen (Catholic University of Leuven). Each
probe was digoxigen-labeled and validated for FISH experiments
in normal samples. The cut-off for monosomy was assumed as
the upper limit obtained for each probe on 400 control nuclei.
Four hundred nuclei were also scored for each probe in every
patient. Interphase FISH abnormalities were not detected in the
20 patients. All tested probes gave a percentage of monosomy
equal to or under the cut-off level. Our results suggest that deletion of the long arm of chromosome 5 is a primary and isolated genomic loss in the pathogenesis of both 5q- syndrome and
AML with 5q-chromosome as sole karyotypic anomaly. It is
unknown whether mutations of the tested suppressor genes/loci
played a specific role in MDS/AML included in this study.
Funding: C.M. was supported by AIRC and AIL.
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PO68
UN NUOVO TIPO DI GENE DI FUSIONE MLL/AF4 SENZA IL DOMINIO DI
TRANSATTIVAZIONE DI AF4 IN UN CASO DI LEUCEMIA LINFOBLASTICA
ACUTA DEL BAMBINO
Izzo B, Muccioli Casadei G, Quintarelli C, Intrieri M,*
Migliorati R, Sebastio L, Pane F, Salvatore F
CEINGE-Biotecnologie Avanzate, Dip.di Biochimica e Biotecnologie Mediche, e Dip. di Pediatria, Policlinico Universitario dell’Università di Napoli Federico II, *Facoltà di Scienze MFN
Università del Molise, e Servizio di Citogenetica,
AORN Cardarelli
Le traslocazioni del cromosoma 11q23 rappresentano la più
frequente anomalia genetica nei casi di infant (< di 1 anno di
età) leucemia linfoblastica a cellule B (B-ALL).Questo tipo di
traslocazione si riscontra meno frequentemente nelle B-ALL
dell’adulto e nelle leucemie mieloidi acute. I breakpoints nel cromosoma 11q23 si trovano in una specifica regione dove è stato
clonato un gene, chiamato ALL-1 o MLL, che codifica per un fattore trascrizionale. Caratteristiche specifiche del gene MLL, sono
l’elevato numero di partners genici (più di 25 con i quali può
essere coinvolto in traslocazioni cromosomiche), e la presenza in
essi di domini funzionali compatibili con un loro ruolo nella regolazione trascrizionale. Non è ancora ben noto il meccanismo
molecolare mediante il quale le proteine di fusione dell’MLL
inducono la trasformazione dei precursori emopoietici. Dati
immunofenotipici indicano, infine, che i geni partner sono importanti nella trasformazione neoplastica, dal momento che alcuni
di questi sono strettamente associati al fenotipo mieloide, come
AF9, ed altri, come AF4, che sono coinvolti nelle traslocazioni
dell’MLL in pazienti affetti da leucemia linfoide. In un bambino
di sei mesi affetto da B-ALL, l’analisi citogenetica della regione
11q23 effettuata alla diagnosi come parte della caratterizzazione genetica standard nelle nostre indagini delle ALL del
bambino, ha rivelato la presenza di una traslocazione complessa
che coinvolgeva i cromosomi 4 a livello della banda q13,11q23,
e 17q11. L’analisi tipo Southern della regione MLL confermava
la presenza di una traslocazione del cromosoma 11q23 a livello
dell’MLL. L’analisi FISH effettuata con una sonda painting per i
cromosomi 4, 11 e 17 documentava la presenza di una traslocazione cromosomica t(4;11). Tali risultati non erano confermati
dall’analisi RT-PCR standard dei breakpoints t(4;11), che non
amplificava nessuna delle giunzioni conosciute MLL/AF4. Per
questo motivo abbiamo utilizzato la ”panhandle PCR”, una tecnica che consente di amplificare frammenti di DNA in cui è
sconosciuta la sequenza ad una delle estremità, per identificare
le sequenze genomiche coinvolte nella traslocazione cromosomica. Tale procedura ha dato origine ad un frammento di DNA
di 7.0 Kb che include le regioni di giunzione dell’MLL e del suo
gene partner nella traslocazione. L’analisi di sequenza ha rivelato la presenza, all’estremità 3’ di questa banda di amplificazione, di parte dell’esone 11 del gene AF4 che era giuntata
all’esone 10 del gene MLL. Successivamente, mediante RT-PCR
abbiamo confermato la presenza di un mRNA ibrido “in frame”
codificato da un nuovo tipo di gene MLL/AF4 con una giunzione
tra l’esone 10 dell’MLL e l’esone 11 di AF4. Il trascritto di fusione
perde più di 300 bp codificate dal gene AF4 rispetto all’altro
gene di fusione MLL/AF4 e le sequenze codificanti l’intero
dominio di transattivazione di AF4. D’altra parte, la nuova proteina chimerica conserva i motivi di legame al DNA di entrambi
i geni MLL e d AF4, ma non contiene alcun dominio di transat-
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tivazione. I nostri dati mostrano la presenza di un nuovo tipo di
gene di fusione MLL/AF4 e sembrano indicare che il blocco
trascrizionale a livello di uno specifico sito gnomico potrebbe
essere responsabile della trasformazione neoplastica delle cellule linfoidi.
Funding: Studio supportato da fondi dell’ AIRC (Milano), CNR
PF Biotecnologie,MURST, AIL e Regione Campania.

PO69
THE BTG2 PROTEIN IS INDUCED BY RETINOIC ACID AND IS A RETINOIC
ACID RECEPTOR COREGULATOR IN THE CONTROL OF LEUKEMIA CELLS
DIFFERENTIATION
Rizzo G, Billi M, Cioccoloni M, Marcucci A, Passeri D,
Grignani F
Dipartimento di Medicina Clinica e Sperimentale, Università di
Perugia. Sez. di Patologia Generale e Medicina Interna e
Scienze Oncologiche
The block of retinoic acid (RA)-regulated pathways induced by
leukemia fusion proteins contributes to the pathogenesis of
acute promyelocytic leukemia (APL) and non-APL myeloid
leukemias. We are studying RA-regulated genes in normal and
leukemic hematopoietic cells. By a Representational Difference
Analysis (RDA)-based screening of mRNA from RA-treated and
non- treated hematopoietic cells, we identified the BTG2 transcrpt (TIS21/PC3) and confirmed by Northern blotting its induction by RA. BTG2 is a p53-induced gene and participates in the
control of cell cycle arrest following DNA damage or differentiation of different cell types. BTG2 inhibits cyclin D1 and cyclin
E transcription and synergizes with HoxB9, thus behaving as a
transcriptional co-regulator. BTG2 also interacts with the protein arginine methyltransferase 1, that affects transcription
through histone methylation. To study the function of BTG2 in
myeloid differentiation we performed Northern blottings on a
panel of myeloid leukemia cells, including HL60 and NB4 cells
and their RA-resistent derivatives. Expression of BTG2 was only
detectable in RA-sensitive cells four hours after RA induction.
We then overexpressed BTG2 in hematopoietic progenitors and
cell lines. BTG2 overexpression had a moderate anti-proliferative
effect, but increased myeloid differentiation response to RA
treatment, both in cell lines and primary progenitors. The same
results were obtained by protein transfer using a BTG2-TAT
fusion protein in which the BTG2 protein is fused to a domain
of the HIV TAT protein that induces intracellular transport. In
trans-activation experiments BTG2 increases the RA-dependent
transcriptional activity of the RARα-RXR heterodimer on a βRARE responsive element. This activity is lost in BTG2 mutants
deleted in the B-box or the LXXLL domains that mediate the
interactions of the BTG2 protein with nuclear receptors and coactivators. To further investigate the molecular interactions of
BTG2 we performed pull-down experiments on cell lysates using
GST-fused nuclear receptors and co-activator proteins. These
experiments showed that BTG2 physically interacts with both the
RXR protein and p160 family co-activators. These data indicate
that BTG2 may participate in the RARα transcriptional complex
with a co-activator function and that activation of BTG-2
expression by RARα is part of a molecular pathway that amplifies RA signaling.
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CHANGES ASSOCIATED WITH THE DEVELOPMENT OF RESISTANCE TO
STI571 IN TWO LEUKEMIA CELL LINES EXPRESSING P210 BCR/ABL
PROTEIN

t(15;17) IN ACUTE PROMYELOCYTIC LEUKEMIA IS NOT ASSOCIATED WITH
SUBMICROSCOPIC DELETIONS ON der(17)

Scappini B,* Ricci C,° Kantarjian HM,° Divoky V,# Gatto S,°
Onida F,° Beran M°
*Università di Firenze, Dipartimento di Ematologia; °The
University of Texas, M.D. Anderson Cancer Center, Houston,
Texas, USA; #Palacky University, Olomouc, Repubblica Ceca
Bcr/Abl aberrant tyrosine kinase activity is crucial in the
pathogenesis of chronic myelogenous leukemia (CML) and other diseases characterized by the presence of the BCR/ABL gene
rearrangement. Suppression of Bcr/Abl autophosphorylation by
a specific inhibitor, STI571 (CGP57148B, imatinib mesylate,
Glivec) represents a successful strategy in CML. Nevertheless,
some patients, especially in accelerated or blastic phase, are
inherently resistant, or become resistant during the course of the
treatment. In this study, we characterized two Ph-positive cell
lines (KBM5 and KBM7) with a differential sensitivity to STI571,
and their respective resistant sublines, which were developed by
culturing the cells in increasing concentrations of STI571 over a
period of several months. STI571 inhibited growth in both
parental cell lines: STI571 was more effective on KBM7 than on
KBM5, where it had rather a cytostatic effect without induction
of apoptosis. The newly selected sublines, designated KBM5STIR1.0 and KBM7-STIR1.0 proliferated in the presence of STI571
1.0 µM with a growth rate comparable to the corresponding
parental lines and showed an IC50 of about 15.5 µM and 4.5 µM,
respectively. We found an increase in p210bcr/abl expression,
reflecting a BCR-ABL gene amplification, which was slight in
KBM5-STIR1.0, and marked in KBM7-STIR1.0. We were not able
to demonstrate either differences in apoptosis pathways, or MDR
overexpression in resistant sublines. By sequencing of the ATPbinding pocket of Bcr/Abl, a point mutation resulting in an
amino-acid change (Thr315 Ile:T315I) was detected in KBM5STIR1.0. The mutation affected about 20% of the BCR/ABL transcript. All clonally derived sublines from KBM5-STIR1.0 screened
for the presence of the mutation were positive, suggesting that
it is present in each cell, involving only some of the multiple
BCR/ABL gene copies within every single cell. Moreover, the
mutation was detectable only in sublines with higher level of
resistance, suggesting that mutated BCR/ABL genes emerged
progressively under selective pressure of higher concentration of
STI571. Indeed, STI571 withdrawal produced a complete restoration of sensitivity at intermediate levels of resistance, whereas
in KBM5-STIR1.0 and KBM7-STIR1.0 only a partial reversal of the
resistant phenotype was observed. We conclude that inducible
mutations in the Bcr/Abl ATP-binding pocket play a role in eluding inhibitory effects of STI571, but other multiple, different
mechanisms (such as Bcr-Abl overexpression, or alternative signal transduction pathway activation) might be involved. Our
resistant sublines represent certainly optimal in vitro models to
investigate such mechanisms.
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Anelli L,# Specchia G,*¢X Albano F,* Storlazzi CT,#
Zagaria A,# Carluccio P,* Mestice A,* Rocchi M,# Liso V*
#Sezione di Genetica, DAPEG, University of Bari, Bari *Dept. of
Hematology, University of Bari, Bari; ¢XHematology, University
and Hospital of Foggia, Foggia
Acute promyelocytic leukemia (APL) is characterized by the
reciprocal translocation t(15;17)(q22;q21), disrupting the PML
and RARα genes, which are localized on chromosomes 15q22
and 17q21, respectively. The t(15;17) generates two chimeric
genes: PML/RARα arises on der(15), whereas the reciprocal
RARα/PML fusion is located on the der(17). Microdeletions on
the derivative chromosome carrying the reciprocal fusion gene
have been recently reported in some leukemia translocations
such as t(9;22) in chronic myeloid leukemia (CML) and inv(16),
as well as in t(8;21) and 11q23 abnormalities in acute myeloid
leukemia (AML). In the present study, 34 APL patients were
enrolled at diagnosis. All cases were tested by conventional cytogenetic and RT-PCR analysis to assess the presence of the
t(15;17) and of the fusion gene PML/RARα, respectively. Cohybridization FISH experiments were performed by using a mixture
of two probes (BAC RP11-247C2 and PAC RP5-1112G21, from
de Jong libraries), spanning the PML gene on chromosome 15
and RARα fngene on chromosome 17, respectively. On
metaphases of APL patients these probes generated two clear
fusion signals on der(15) and on der(17) chromosomes in addition to single signals on normal 15 and 17 chromosomes. The
absence of fusion signal on der(17) would reveal microdeletions
on this chromosome. The analysis did not reveal any microdeletion, since an evident fusion signal on der(17) was observed in
all analyzed metaphases.The present study suggests that
t(15;17) is not accompained by any deletion in der (17). This
conclusion could also be biased by the relatively small number
of analyzed patients, and confirmation from larger studies is
needed.

PO72
LOSS OF GENES AT der(9) IN CHRONIC MYELOID LEUKEMIA AT DIAGNOSIS
Albano F,* Specchia G,*° Anelli L,°# Storlazzi CT,#
Zagaria A,# Buquicchio C,* Roberti MG,° Liso V,* Rocchi M#
*Dept. of Hematology, University of Bari, Bari; °Hematology,
University of Foggia, Foggia; #Sezione di Genetica, DAPEG,
University of Bari, Bari
The BCR-ABL fusion gene plays a central role in the pathogenesis of chronic myeloid leukemia (CML). Deletions have been
recently described adjacent to the translocation breakpoint on
the derivative chromosome 9, and appear to be relevant to a better understanding of the complex CML disease process. A total
of 71 CML patients, all newly diagnosed between 1990 and
2001, were considered in the present study. They were tested by
fluorescence in situ hybridization (FISH) using P1 artificial chromosome (PAC) or bacterial artificial chromosome (BAC) probes.
A mixture of PACs dJ835J22 and dJ1132H12 was used for to
identify the ABL gene. These two overlapping PACs encompass
the breakpoint region while BAC bA164N13 encompasses the
whole coding region of BCR. A total of 35 probes for chromo-
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some 9, and 13 probes for chromosome 22 was used in order to
define the precise distal and proximal breakpoints of the deletion. The exact position of probes on the chromosome 22
sequence was established by BLASTN search of the end
sequences of the clone against the complete sequence of this
chromosome. Chromosome 9 clones were positioned in the same
way as reported by the Sanger Center (http://www.sanger.ac.uk/)
on the provisional chromosome 9 sequence. The Ensembl database (http://www.ensembl.org/) was queried for genes mapped
inside the deleted regions. Der(9) deletions were detected in 10
(14%) cases. Deleted sequences of chromosome 9 were found in
9 cases (13%) on the der(9). The deletions varied widely in size,
ranging from 200 Kb to 7.750 Mb. A total of 40 known genes is
located in the deleted regions. In 8 of these cases (89%) there
was a common deleted region including 4 genes : FUBP3 (fuse
binding protein 3), PRDM12 (PR-domain containing protein 12),
RRP4-HUMAN (RNA processing protein 4) and ASS (argininosuccinate synthase). Among the known genes on the deleted
sequences of chromosome 9 was a tumor suppressor gene (TSG),
PTGES (prostaglandin E synthase), encoding the redox controlling protein named microsomal glutathione S-transferase-1 like1, which is a potent inducer of apoptosis. This TSG was deleted
in 5 (56%) cases. Deleted sequences of chromosome 22 on der(9)
were observed in 8 cases (11%); they were smaller in size than
those of chromosome 9 and ranged from 400 to 3500 Kb. In the
deleted regions we identified a total of 19 known genes. In all
cases with deletions there was a common lack of a chromosome
22 sequence of 200 kb size, where the IGLL1 (Immunoglobulin
lambda-like polypeptide 1 precursor) gene is located. Moreover,
the 19 genes known to be located in the deleted regions included 2 TSGs, SMARCB1 (SWI/SNF related, matrix associated, actin
dependent regulator of chromatin subfamily B member 1) and
GSTT1 (Glutathione S-transferase τ 1); they were deleted in 4
(50%) of these cases.The mechanism and the significance of the
deletion 9q phenomenon is not well known. Specific PAC and
BAC probes for 9 and 22 chromosomes allowed us to precisely
define the extension of genomic material loss and to verify wich
genes were deleted. The observation that in our cases with deletions there was a common deleted region involving loss of genes
and that in many cases, the deleted sequences included TSGs,
may provide further information about the CML pathogenesis.
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ed that dlk is over-expressed in a disease-specific manner in
blasts from patients with myelodysplastic syndrome (MDS). In
this study, we investigated the pattern of expression of transmembrane dlk mRNA in normal and MDS CD34+ progenitors differentiating towards myeloid, erythroid and megakaryocytic lineages. Normal CD34+ cells were isolated from bone marrow samples of 4 healthy bone marrow donors. MDS CD34+ cells were
isolated from 3 patients affected by RAEB. Normal and MDS
CD34+ cells were cultured in serum-free media additioned with
specific cytokines, in order to obtain selectively granulomonocytic, erythroid, or megakaryocytic unilineage differentiation. At
different times of culture, aliquots of cells were collected and dlk
mRNA expression was evaluated by semiquantitative reverse
transcriptase polymerase chain reaction. Low levels of dlk were
opposed to in normal CD34+ cells at baseline. During granulomonocytic, erythroid, or megakaryocytic differentiation the
expression of dlk increased until day 7. Thereafter, dlk expression slowly decreased until day 14, and remained at about 50%
levels of the maximum expression until day 21. As opposite to
normal CD34+ progenitors, in myelodysplastic CD34+ cells dlk
m-RNA was detected at high levels at day 0 and appeared progressively down regulated during granulomonocytic, erythroid,
or megakaryocytic unilineage differentiation. Then, the dlk
mRNA reached the lowest expression at day 7 and it remained
unchanged until day 14. In conclusion, these preliminar data
show that dlk is up-regulated during normal hematopoietic differentiation in all differentiation lineages. Moreover we found
that dlk expression is deregulated in myelodysplastic differentiation, suggesting that the abnormal pattern of dlk expression in
MDS could be involved in the defective differentiation capacity
typical of these diseases.

PO73
EXPRESSION OF dlk DURING NORMAL AND MYELODYSPLASTIC
HEMATOPOIETIC DIFFERENTIATION
Luongo M,* Martini M,° Teofili L,* Di Mario A,* Guidi F,*
Leone G,* Larocca LM°
Istituti Di *Ematologia ed °Anatomia Patologica,
Università Cattolica Del Sacro Cuore, Roma
Dlk is a trans-membrane and secreted protein, structurally
related to the EGF-like homeotic protein family. This protein
family includes Notch receptors and its ligands and is involved
in the cell-to-cell interactions controlling stem cell differentiation. Several studies demonstrated that dlk is a negative regulator of adipocyte differentiation, a stimulator of cobblestone
area colony formation in stromal cell-dependent hematopoiesis
and a molecule that influences stromal cell-pre-B cell interaction. These observations suggest that dlk is involved in the regulation of stromal cell-stem cell interactions and in the selfrenewal of hematopoietic precursors. Finally, it has been report-
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INDUCTION OF γ-GLOBIN GENE EXPRESSION BY A NEW POWERFUL
DIFFERENTIATING AGENT, WEB 2086, IN K562 CELLS AND NORMAL
ERYTHROID PROGENITORS
Salati A, Vannucchi AM, Laurenzana AM,* Longo G,
Bianchi L, Pancrazzi A, Paoletti F*
Dept. Hematology, and * Instit. Experimental Pathology
Oncology, University of Florence
Pharmacologic reactivation of γ-globin expression may provide an effective treatment for patients affected by β-globin
disorders, such as sickle cell anemia or β-thalassemia. In humans,
HbF reactivation has been induced by agents including 5-azacytidine, hydroxyurea (HuOH), and sodium butyrate (NaB). We
have shown that WEB 2086 (derived from an anxiolytic triazolobenzodiazepine, used as an anti-inflammatoy agent) is a
very powerful inducer of erythroid differentiation in both murine
and human erythroleukemic cells (Cellai et al. Faseb J, 2002;
16:733-5). In this study we explored whether WEB 2086 is able
to increase γ-globin expression in K562 cells, which has been
shown to be up-regulated with a variety of inducers including
hemin, sodium butyrate and hydroxyurea. In fact, K562 cells
have been widely used as a suitable in vitro model to assess both
efficacy and action mechanisms of new compounds capable of
inducing γ-globin gene expression and then potentially exerting
therapeutic effects. First of all we observed that inhibition of
K562 cell growth by WEB 2086 was not so drastic as that of
HuOH or NaB to suggest that the former has a lower cytostatic
effect. On the other hand, drug-induced erythroid differentiation,
as revealed by the benzidine test, was more effective with WEB
2086 than with NaB and hemin, yielding within 5 days of incubation more than 70% of Hb(+)cells i.e. about twice the amount
obtained with other inducers. Changes in γ-globin mRNA levels
were studied by semiquantitative RT-PCR: basal levels of γ-globin gene expression in uninduced cultures increased remarkably
after incubation of K562 cells with WEB 2086, while ζ and εglobin mRNA levels decreased; moreover the γ/nonγ chain ratio
changed from 1 in untreated cells to 4 with NaB and to 15 in
cells exposed to WEB 2086. To reveal the presence of HbF in
stimulated K562 cells we used a (FITC)-conjugated antihuman
HbF MoAb: compared to the untreated cells, K562 cells induced
either with NaB or WEB 2086 were clearly positive. Regarding
the mechanism by which WEB 2086 induces expression of the
γ-globin gene we investigated whether it might involve an intracellular second messenger. We noticed that the WEB 2086induced expression of γ-globin mRNA in K562 cells was abolished by preincubation with the sGC (soluble guanylate cyclase)
inhibitor LY83583. These results suggest that a sGC-cGMP
dependent protein kinase pathway may be involved in WEBinduced expression of the γ-globin gene. Finally, we assessed
the effects of WEB 2086 on HbF production in vitro in normal
erythroid progenitor cells by a two-phase liquid culture system.
WEB 2086 and NaB were added to cultures on day 10; by realtime PCR, a clear-cut activation of both γ- and β-globin genes
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was observed as compared to Epo only-stimulated cultures.
Considerable effort is being channelled in searching for the
ideal therapeutic agent raising HbF in adult life with minimal
drug toxicity. Our results suggest that a new compound, WEB
2086, may have the capacity to induce reactivation of the γ-globin gene at more effective rates and levels than other inducers
and with a lower cytotoxic effect.

PO75
H63D HETEROZYGOSITY : A SIGNIFICANT CO-FACTOR IN IRON OVERLOAD
AND ASSOCIATED DISEASE IN A CASE-CONTROL STUDY
Innoceta AM,* Bagli L,* Carturan S,° Rubini M,° Zaccaria A,^
Fattori PP*
*Laboratorio di Biologia Oncologica ed Ematologica, UO di
Oncologia ed Oncoematolgia, Ospedale Infermi AUSL
Rimini;°Sezione di Genetica Medica, Dipartimento di Medicina
Sperimentale e Diagnostica,Università degli studi di Ferrara,
^UO di Ematologia, Ospedale S.Maria Delle Croci AUSL Ravenna
Background and Objectives.The significance of the H63D
mutation on the HFE gene as causative mutation or polymorphism in hereditary hemochromatosis (HH) or in iron overload
(IO) was at first controversial. The implication of H63D in omozygosity and compound heterozygosity with C282Y as a deleterious event on the HFE gene was clearly demonstrated among HH
patient by clinical and molecular studies. Simple heterozygosity for H63D was not associated with HH or IO because the frequency in the patients and control group was almost similar.
Design and Methods. We started by the clinical evidence that IO
has been associated with increased frequency of porphyria
cutanea tarda, viral hepatic disorders , dysmetabolic and alcoholic consumption related and cardiovascular disease. We analyzed 92 patients selected on the basis of persistently raised
serum ferritin level (SFL)(> 300ng/mL) and elevated transferrin
saturation (TS) (> 40%). The 256 individuals of the control group
were selected from among bone marrow donors, investigated
for any history of HBV and HCV, blood transfusion/donation,
daily ethanol consumption, hemolytic anemia, thalassemia, SFL
and TS, matched in blind by sex and age. We genotyped all the
individual for C282Y, H63D,S65C mutations by PCR and enzimatic digestion. In IO cases heterozygous for C282Y or H63D
eventual rare mutations in the HFE gene were detected by direct
sequencing. We also investigated the presence of disease associated with IO in the group of patients (porphyria cutanea tarda, hepatic disorders and cardiovascular disease and familial history for this kind of diseases). Results. In the group of patients
with serum ferritin level > 300 ng/mL and TS > 40% or > 60%
(respectively, 63 and 34 patients) we excluded the patients with
a genotype compatible with IO and HH (5 patients C282Y/C282Y,
2 patients C282Y/H63D, 7 patients H63D/H63D, 4 patients heterozygous C282Y). We found that the frequency of heterozygotes for H63D was respectively 55.5% (25 patients in a total
of 45) and 72.7% (16 patients in a total of 22), significantly
higher (p<10-5) than in the control group, where the frequency
of heterozygotes for H63D was 21.48% (55 subjects in a total
of 256). In the subgroup of patients excluded by having a TS value lower than 40% the frequency of H63D heterozygous was
significantly lower than in the control group. These data provide
evidence of an increased frequency of the heterozygosity for
H63D among patients with IO, with an odds ratio of 2.56 and
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3.38 among cases with TS>40% or TS>60% respectively. Conversely, in patients with TS lower than 40% the frequency of heterozygosity for H63D was relatively reduced. Interpretation and
Conclusions. From the molecular and clinical data we present
evidence that IO of mild degree due to heterozygosity for H63D
may act as a significant co-factor increasing the primary IO due
to other causes such as liver, heart, pancreas and hematological disease. Our results suggest that genotyping HFE can contribute to diagnosis in non HH patients with severe IO due to an
interaction between H63D heterozygosity and other primary
causes of IO and consequently identify earlier a higher predisposition to organ damage.
Acknowledgments: special thanks to Dr. Molinari Anna Lia^,
Dr. Salvucci Marzia^, and Dr. Cipriani Raffaella.
Funding: study n. 1,12,Epidemiologia della diagnosi progetti
2001-2002 Istituto Oncologico Romagnolo. RiminiAil Onlus,
Associazione Italiana Lotta alle Leucemie, Linfomi e Mielomi,
Rimini section.

Table 1. Clinical data of ITP patients and H. Pylori infection.
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1
1
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1
1
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1
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1
1
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PO76
ERADICATION OF HELICOBACTER PYLORI CAN INDUCE REMISSION IN
IDIOPATHIC THROMBOCYTOPENIC PURPURA: UPDATE AND REVIEW
OF THE LITERATURE
Morselli M, Luppi M, Potenza L, Facchini L, Bresciani P,
Saviola A, D’apollo N, Longo G, Donelli A, Torelli G, Emilia G
Section of Haematology, Department of Oncology and
Haematology, University of Modena and Reggio Emilia,
Modena
Recent reports have suggested an association between Helicobacter pylori infection and idiopathic thrombocytopenic purpura (ITP). We already reported on 13 out of 30 ITP patients
infected with H. Pylori, 6 of whom responded well to eradication
treatment (Emilia et al., 2001). In this study we report 1) the
identification of H. Pylori infection in 3 out of 7 further patients,
2 of whom responded to eradication treatment; 2) we also provide an updated median follow-up of the 33 months (range 2838) of original 6 responders showing that 5 patients maintained
the response while one patient relapsed 7 months after eradication; 3) finally, we used polymerase chain reaction (PCR) for
the IgH gene, to demonstrate the presence of B cell clonality in
H. Pylori positive gastric biopsies from 3 out of 4 responding ITP
patients. A careful review of the literature shows that 112 ITP
patients have been found positive for H.Pylori infection out of
193 patients investigated so far, including our above mentioned
7 new cases. Eighty-three patients have had their infection eradicated and 41 responded well to treatment (49.39%). Ultimately, 21.24% of all investigated ITP patients showed a consistent
and lasting increase of platelet counts. (Table 1). The data
acquired so far, still prompt us to consider the search and eradication of H. Pylori infection in ITP patients as an easy and not
expensive tool in the early management of the chronic disease.
Furthermore, early studies indicated the possible occurrence of
B-cell clonal population in either the peripheral blood and the
bone marrow from ITP patients. Our identification of B cell clones
in the gastric mucosa locally infected with H. Pylori in a subset
of ITP patients, support the hypothesis that H. Pylori may be one
of the possible antigens involved in the stimulation of B-cell
autoreactive clones associated with ITP.

PO77
ALTERED T-CELL ACTIVATION IN GPI DEFECTIVE HUMAN T-LYMPHOCYTES
Alfinito F,* Ruggiero G,° Andretta C,* Terrazzano G,°
Becchimanzi C,° Zappacosta S,° Rotoli B*
Cattedra di Ematologia,* Cattedra di Immunologia°
Università di Napoli "Federico II", Via Pansini 5, 80131 Napoli
Paroxysmal nocturnal hemoglobinuria (PNH) is an acquired
clonal disorder of hematopoiesis characterized by hemolytic anemia, thrombophilia and cytopenia. Mutation in the PIG-A gene,
responsible for glycosyl-phosphatidyl-inositol (GPI) anchor synthesis, is the hallmark of PNH cells. As a consequence, PNH cells
are defective in all GPI membrane-linked proteins. The presence
of residual normal hematopoiesis accounts for the mixed GPIand GPI+ phenotype, usually found in peripheral blood cells of
PNH patients. Functional defects in PNH cells have been already
described. In this context, a number of deficiencies in the TCRdependent signal machinery of GPI- T cells were reported. Physiological TCR-dependent T-cell proliferation of naive T-lymphocytes needs both MHC-restricted peptide presentation and unrestricted co-stimulatory signals. Moreover the analysis of GPI- Tcell responsiveness to defined co-stimulatory pathways is still
lacking. In this study we are investigating TCR-dependent T-cell
proliferation of GPI- lymphocytes in the presence of distinct costimulatory signals, as represented by murine transfectants bearing human CD40 or CD80 co-stimulatory molecules. Therefore,
fresh GPI− and GPI+ T-lymphocytes and short term T-cell lines
obtained from PNH patients were tested for their ability to proliferate in response to CD3 triggering in the presence of CD40
and CD80-dependent co-stimulatory pathways. In this model a
selective defect in CD40-dependent T-cell co-stimulation of GPIlymphocytes was identified, while the CD80-dependent pathway
appeared to be unaffected. Moreover, no defect in the expression of CD40 ligand (CD154) was detected. These data suggest
the involvement of GPI-linked proteins in the biological mechanisms underlying distinct TCR-dependent co-stimulatory pathways. Therefore, a role of these molecules in the regulation of
naive T-lymphocyte proliferation, generally believed to be critically dependent on co-stimulatory signals, might be hypothesized.
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HDAC1 AND HISTONE H4 ACETYLATION: NOVEL TARGETS OF STI571
IN BCR-ABL-TRANSDUCED CELL LINE 32D OF CHRONIC MYELOID
LEUKEMIA
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STI571 is a powerful inhibitor of abl tyrosine kinase. Its activity results from its competition with ATP for the ATP-binding site
of the abl protein catalytic subunit. Preclinical studies have
shown that STI571 antiproliferative activity is directed against
p210bcr-abl-expressing cell lines and clonal hematopoietic
progenitors of chronic myeloid lmeukemia (CML). We investigated on the interactions of STI571 with the biomolecular
machinery that regulates gene expression, focusing on the
behaviour of the enzyme histone deacetylase1(HDAC1). To this
purpose, we used as experimental model 32D cell clones transducing a temperature sensitive (ts) p210bcr-abl construct, whose
product owns tyrosine kinase activity at permissive temperature
of 33°C, but not at non permissive temperature of 39°C. We
compared the time-course of nuclear HDAC1 enzyme levels and
histone H4 acetylation status following 4, 8, 12, 15 and 24 hours
of 1 µM STI571 treatment vs untreated sample in p210bcr-abltransduced cell clones kept at 33°C and at 39°C. We observed a
significant increase of HDAC1 expression at 4th hour from the
exposure, a strong down-modulation at 8th hour, a significant
increase at 12th hour, a down-modulation at 15th hour and upmodulation at 24thhour. The acetylation status of histone H4
was progressively down-modulated from STI571 in p210bcrabl-transduced cell clones kept at 33°C. STI571 treatment, which
initially increased nuclear HDAC1 levels, was followed by histone
deacetylation and, as a consequence, by a transcription-regulated decrease of the protein HDAC1 seen at 8thhour. The recovery of HDAC1 at 12th hours was the consequence of the previous decrease, as the subsequent down-modulation at 15th hours
was the effect of its previous up-modulation. At 24 hours the
low-acetylation histone H4 level was related to a normal HDAC1
level similar to that of the untreated sample. We did not observe
any difference between untreated samples and treated samples
in p210bcr-abl-transduced cell clones kept at 39°C: STI571
treatment did not induce any significant difference in HDAC1
levels or histone H4 acetylation. P210bcr-abl constitutively
transduces the mytogenic signal. Histone acetylation and its
molecular machinery are likely indirect targets of the illegitimate
activity of various transcription factors activated by p210bcr-abl.
Our conclusion is that STI571 restores a normal and regulated
condition of genic expression, revoking the illegitimate activation of transcription factors and peculiar enzymes, such as
HDAC1, involved in the basic mechanisms of genic expression.
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PO79
CHRONIC MYELOID LEUKEMIA CELLS COMMIT SUICIDE FOLLOWING STI571
EXPOSURE: CASPASE 12 IS THE WEAPON
Pattacini L, Mancini M, Mazzacurati L, Brusa G,
Campanini F, Santucci MA
Istituto di Ematologia e Oncologia Medica
"Lorenzo ed Ariosto Seràgnoli"
Tyrosine kinase phosphorylation and dephosphorylation is one
of the main mechanisms involved in intracytoplasmic signaling,
involved in cell cycle control and apoptosis, so the impact of
deregulated tyrosine kinase activity in the cytoplasm is obvious.
P210 is the product of the bcr-abl fusion gene and is pathogenically correlated with CML: it contains a SH1 domain, responsible for tyrosine kinase activity, juxtaposed to an oligomerization- and to an actin binding-domain, that maintain the whole
protein in the cytoplasm, where it may act by activating a great
number of substrates. Consequent deregulation of cell cycle control and apoptosis induces the proliferative advantage of clonal myelopoiesis over its normal counterpart.1 Pharmaceutical
efforts have been concentrated to the development of a drug
specifically binding to the SH1 domain of p210: The research
gave rise to the molecule STI571, a structural analog of ATP.
STI571 may enter cells and inhibit p210 by interacting with the
SH1 ATP binding pocket.2 Its high specificity (STI571 seems to
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interact only with p210, c-kit and PDGF-R) allowed to clinical
trials to start. The main limit of STI571 in therapeutic use is drug
resistance due, at least in some cases, to p210 mutations that
impede STI571 binding.3 This observation underlines the importance to determine the molecular pathways of apoptotic cell
death of CML cells to target more molecules instead of just one
and overcome drug resistance. The aim of our study was to elucidate biomolecular mechanisms of STI571-induced apoptosis in
CML in an in vitro model. Our results support a role for endoplasmic reticulum stress induced apoptosis, a newly identified
pathway of programmed cell death. In fact we observed that
STI571 exposure induces, in murine 32D bcr-abl transduced cells,
the activation of procaspase 12 through the proteolytic cleavage needed for the formation of its active 35 KDa subunit. Caspase 12 is the major player of apoptosis induced by endoplasmic reticulum stress, a peculiar condition of the cell characterized by increased calcium concentration as well as by unfolded
protein accumulation. Calcium concentration increases may
activate a low specificity protease, m-calpain, responsible for
caspase 12 cleavage.4 A role for bcl-2 localized in endoplasmic
reticulum in calcium flux regulation has also been suggested,
because of its colocalization with calcium pump SERCA5 and for
its ability to form cationic channels in artificial membrane systems.6 In our model we observed that STI571 exposure induced
a transcriptional downmodulation as well as functional inactivation of bcl-2 through ehterodimerization with the pro-apoptotic factor BAD. CML cell apoptosis resistance seems to be
mainly due to up-regulation of the anti-apoptotic factors bcl27 and the constitutive inactivating phosphorylation of the proapototic factor BAD.8 In our model STI571 determines the
restoration of physiological bcl-2 and bcl-xl levels, together with
BAD serine 136 phosphorylation disappearance. Active BAD may
migrate to mitochondria and exert its function by binding bcl2 and bcl-xl. On the basis of these data, we proposed a model
for STI571-induced apoptosis: BAD function restoration and bcl2 absence, due to functional inactivation as well as protein
down-modulation may be the responsible for a calcium concentration increase. The consequence of this increase is caspase
12 activation, which leads CML cells to commit suicide.
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PO79bis
CHK2 PHOSPHORYLATION AND CDC25A DEGRADATION ARE INVOLVED IN
EARLY S PHASE ARREST AND APOPTOTIC DEATH OF BCR-ABL-EXPRESSING
HEMATOPOIETIC PROGENITORS INDUCED BY STI571
Mazzacurati L, Pattacini L, Brusa G, Mancini M, Campanini F,
Santucci MA
Istituto di Ematologia e Oncologia Medica “Lorenzo e Ariosto
Seràgnoli”, Università di Bologna, Italy
STI571 represents an innovative therapeutic agent in Chronic
Myeloid Leukemia (CML), since it specifically inhibits the p210
bcr-abl tyrosine kinase, the causative event of the disease. However, a better knowledge on its mechanisms of action and resistance is required to challenge with the optimization of its use.1-2
To assess the pathways evoked in response to STI571, leading to
the inhibition of p210 tyrosine kinase and CML progenitor cell
death, we steadily transfected through electroporation the
32D(G) murine myeloid cell line with a bcr-abl mutant transducing a temperature-sensitive-p210 protein, owning constitutive tyrosine kinase activity at the permissive temperature of
33°C, but lacking it at the non-permissive temperature of 39°C.
Following electroporation, several independent cell clones were
generated from tsp210-transduced 32D(G) polyclonal cell population. In preliminary experiments we tried the individual cell
clone sensitivities to STI571. To the purpose, we quantified in
clonogenic assays the fraction of tsp210 bcr-abl-transduced cell
clones kept either at 33°C or 39°C and of parental 32D(G) cell
line surviving to continuous exposure to STI571. Through these
experiments we proved that the cytotoxic effect of STI571 on
bcr-abl-transduced hematopoietic progenitors was strictly
dependent upon the p210 fusion protein tyrosine kinase activity.3 Afterwards we showed that STI571 killed CML hematopoietic progenitor cells by inducing apoptosis.4 In fact a 15 and 24
hour treatment with 1 microM STI571 of tsp210 clones increased
of approximately 5 and 14 folds, respectively, the fraction of
apoptotic cells, positively stained with Annexin V. After 36 hours
of STI571 treatment virtually all cells underwent apoptotic
death. The p210 tyrosine kinase activity was mandatory for
STI571-induced apoptosis, which was seen in the tsp210 clones
kept at 33°C, but neither in bcr-abl-transduced cell clones kept
at 39° nor in parental 32D(G) cell line. Moreover we demonstrated that STI571 induced a cell cycle early S phase arrest of
bcr-abl-transformed cells5 before the activation of the apoptosis, starting since 12th hour from the beginning of STI571 treatment, persisting up to the 24th hour and being strictly conditional
upon the p210 tyrosine kinase activity, because it was seen only
in tsp210 clones kept at 33°C, neither in the clones kept at 39°C,
nor in parental 32D(G) cell line. Finally we demonstrated that
phosphorylation of Chk2 kinase and reduced expression of
Cdc25A which became apparent since 12th and progressively
declined up to 24th hour were associated with the early S phase
arrest induced by STI571 on 32D cell clones expressing an activated p210 tyrosine kinase. Chk2 is a serine-threonine kinase
activated by ATM/ATR in response to a genotoxic insult or a
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replicational stress through an activating phosphorylation event
at Thr68 inducing, in turn, the phosphorylation of Cdc25A phosphatase at Ser123. Cdc25A phosphorylation results in its rapid
ubiquitin-dependent degradation and prevents the activating
dephosphorylation at Thr14 and 15 of cyclin A/cdk2 and cyclin
E/cdk2 dimers, the major players of S phase progression.6-9 Chk2
kinase is the key component of a route alternative to p53 in the
G1/S checkpoint regulation, activated in response to genotoxic
insults or replicational stresses by ATM/ATR kinases and have as
common targets cyclin-cdk complexes and cdk inhibitors. Its
role in the complex network devoted to genome surveillance
lets, thus, to consider it as a tumor suppressor gene.10 In conclusion, the results of our study confirmed that STI571 selectively
kills bcr-abl-transduced murine hematopoietic progenitor cells
(32D) by inhibiting the p210 fusion protein tyrosine kinase activity and that it triggers apoptosis. Chk2 involvement in bcr-abltransformed cells STI571 response deserves consideration and
suggests that gene point mutations as well as reduction or loss
of stability of its product resulting in its functional inactivation,
are potentially causative of STI571 unresponsiveness of CML
patients.
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BIOMOLECULAR PATHWAYS INVOLVED IN APOPTOTIC CELL DEATH
INDUCED BY STI571 ON CHRONIC MYELOID LEUKEMIA PROGENITOR CELLS
Mancini M, Pattacini L, Mazzacurati L, Brusa G, Campanini F,
Santucci MA
Istituto di Ematologia e Oncologia Medica “Lorenzo e Ariosto
Seràgnoli”, University of Bologna, Medical School
Chronic myeloid leukemia (CML) is a myeloproliferative disorder of the primitive hematopoietic stem cell. It is characterized by the expansion of clonal myelopoiesis, which still retains
the capacity to differentiate into normal and functional granulocytes.1 The cytogenetic hallmark of CML is the Philadelphia
chromosome, a balanced reciprocal translocation, resulting in
the generation of the bcr-abl chimeric gene. Bcr-abl transcribes
a 8.5 Kb hybrid mRNA that translates a 210 KDa protein
(p210bcr-abl). Very likely the anti-apoptotic effects of bcr-abl
favors inaccurate DNA repair, which over the time could lead to
the accumulation of additional genetic errors within the bcr-abl
positive compartment finally resulting in blastic crisis.2 Innovative therapeutic regimes for CML based on its causative event
have led to the development of signal transduction inhibitors
(STI), which block or prevent the activated tyrosine kinase from
exerting its oncogenic potential. Because the constitutive tyrosine kinase activity p210bcr-abl owns transforming potential, its
inhibition seems to be the most promising approach to CML
cure. The most useful drug for clinical use is the 2-phenylaminopyrimidine STI571 (Gleevec from Novartis). STI571 modulates transcription of various genes involved in the control of
cell cycle, cell adhesion and cytoskeleton organization, driving
the Ph-positive cell population to apoptotic death. Its remarkable specificity and efficacy render this drug suitable for therapeutic use.3 Apoptosis or programmed cell death is a death pathway which involves the activation of characteristic processes
that make cells more compact, cause blebbing in membranes,
condensation of chromatin and DNA fragmentation.4 Apoptosis
is activated by a group of caspase proteases. Caspases are activated when cells receive an apoptotic inducing signal. They are
cleaved and dimerize. Subsequently caspases cleave intracellular proteins and initiate the caspases pathway involving the bcl2 family.5 The bcl-2 family regulates the integrity of the outer
mitochondrial membrane barrier. The bcl-2 family consists of
two groups of proteins with opposing effects: the pro-apoptotic members (bax, bid, bad) that induce the release of cytochrome
c from mitochondria and the anti-apoptotic members that counteract the pro-apoptotic members and prevent release of
cytochrome c from mitochondria.4 We focused our attention on
different pro-apoptotic proteins: caspase-8, which acts upstream
in the pathway, bid and caspase-7, which is an effector caspase.
Activation of cell surface death receptor leads to rapid activation of caspase-8,6 which initiates two pathways leading to the
activation of downstream caspases such as caspase-3, caspase6, and caspase-7 by directly cleaving them. In addition, caspase8 activates these downstream caspases indirectly by cleaving
bid and causing cytochrome c release from mitochondria. Bid is
a pro-apoptotic protein that exists in the cytosolic fraction of living cells as an inactive precursor of 22 KDa. Caspase-8 cleaves
bid and generates a 15 KDa carboxyl terminal fragment. The Cterminal bid fragment contains the BH3 domain and appears to
interact with other pro-apoptotic members favouring the release
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of cytochrome c from mitochondria.5 Our purpose was that of
evaluating the activation of apoptosis, induced by STI571 treatment in a human cell line: LAMA 84 an erythromegakaryocytic
cell line derived from the peripheral blood of a blast crisis CML
patient.7 Our study demonstrated that STI571 induced apoptotic cell death of LAMA 84 through Fas activation. Then procaspase-8 is recruited to the DISC, it is processed into its active subunits, which are released from the complex to cleave intracellular substrates and to signal apoptosis. The amount of active
caspase-8 directly activates downstream caspases such as caspase-7 and cleaves bid to trigger cell death. In this latter pathway, cleaved/activated bid migrates from the cytosol to the
mitochondria and induces the generation of permeability transition pores.
Funding: The study was supported by the University of Bologna
(Funds ex60%), Carisbo Foundation and Forlì-Cesena AIL. FC is the
recipient of a grant named after Mrs. Lalla Seragnoli. GB is the
recipient of a grant provided by the ‘Giorgio Prodi’ Centro Interdipartimentale di Ricerche sul Cancro. The STI571 was provided
by Novartis.
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in blast crisis. It may represent a suitable model for in vitro studies of biomolecular pathways involved in the pathogenesis and
progression of CML and in its response to new drugs such as
STI571. STI571 is a powerful and selective inhibitor of Abl tyrosine kinase. Its activity results from its competition with ATP for
the ATP-binding site of the Abl protein catalytic subunit. Preclinical studies have shown that STI571 antiproliferative activity is directed against p210bcr-abl-expressing cell lines and
clonal hematopoietic progenitors of CML. The aim of our study
was that of assessing the role of p53 in STI571-induced apoptosis and gene expression of K562. K562 lacks p53 functions in
consequence of the deletion of one allele and a frameshift mutation in the other one. We, thus, performed a transient transfection of K562 cells with a full-length wild type (wt) p53 cDNA
cloned into pCMV-Neo-Bam vector and assessed, after 48 hours,
the levels of p53 and p210bcr-abl proteins. Thereafter, we treated K562-p53 and K562-wt with STI571 1µM and assayed drug
effects on apoptotic cell fractions and gene expression of bcrabl and p21WAF1 following 24, 48 and 69 hours. Forty-eight
hours after transfection of K562 cell line the expression levels
of p53 were very significantly increased and p210bcr-abl concomitantly decreased. p21WAF1 expression levels were affected by p53 over-expression. They were increased by 40% in K562p53 compared to K562-wt. However, the mRNA expression was
downmodulated by STI571 irrespectively of p53 expression. Bcrabl mRNA levels were more significantly downmodulated in
K562 over-expressing p53 compared to the wt one. The cell fraction undergoing apoptotic cell death exhibited significant differences relative to p53 expression. Its time-course increase
was significantly greater in K562-p53 compared to K562-wt.
Our study supports some interactions between STI571 and p53
in the pathway leading to apoptotic cell death. Likely, STI571 by
inhibiting p210bcr-abl tyrosine kinase removes the impediment
to p53 function to trigger p53-dependent pro-apoptotic functions.
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sincerely acknowledged. Funding: GB and MM are supported by
grants from the ‘Giorgio Prodi’ Centro Interdipartimentale di
Ricerche sul Cancro. The cost of the study was supported by the
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after Mrs. Lalla Seràgnoli.

PO82
PO81

LE FOSFATASI SHP1 E SHP2 NELLA RESISTENZA IN VITRO ALL’ STI 571

STI571 DOWN-MODULATES MRNA EXPRESSION OF BCR-ABL AND p21WAF1
GENES AND RESTORES APOPTOSIS IN A HUMAN MODEL OF CHRONIC
MYELOID LEUKEMIA, THE K562 CELL LINE
Campanini F, Brusa G, Mazzacurati L, Mancini M,
Pattacini L, Semeraro D, Santucci MA
Istituto di Ematologia e Oncologia Medica “Lorenzo e Ariosto
Seràgnoli”, University of Bologna, Medical School

Quintarelli C, Di Noto R, Muccioli Casadei G, Sparacino A,
Bartiromo M, Izzo B, Intrieri M,* Martinelli G, Alberti D,
Rosti G, Baccarani M, Saglio G, Pane F, Salvatore F
Ceinge e Dip. di Biochimica e Biotecnologie Mediche, Policlinico
Universitario Dell’ università di Napoli Federico II, *Facoltà di
Scienze MFN Università del Molise, e Novartis Pharma, Origgio,
Istituto di Ematologia ed Oncologia Medica “Seragnoli”,
Ospedale Università Di Bologna

p53 is a transcription factor activated upon DNA damage,
which promotes cell growth arrest and apoptosis by binding to
specific DNA sequences and activates transcription of different
genes, including the cyclin-dependent kinase inhibitor p21WAF1.
Mutations and deletions of the p53 proto-oncogene represent
a common step in the pathogenesis of human cancer. K562 is a
cell line originated from human chronic myeloid leukemia (CML)

Le leucemie caratterizzate dal cromosoma Philadelphia e dal
gene di fusione BCR/ABL, sono il prototipo delle patologie nelle
quali un’unica alterazione genetica che da origine ad una proteina chimerica, determina la deregolazione delle molteplici vie
di trasduzione del segnale, ed altera il bilancio tra la capacità
proliferativa e quella differenziativa delle cellule ematopoietiche.
La proteina BCR/ABL è leucemogenica poiché la tirosin chinasi
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ABL è costitutivamente attivata, ed è in grado di fosforilare un
grande numero di substrati intracellulari. Il ruolo dell’attività
tirosin chinasica costitutivamente attivata nelle cellule
leucemiche, ha permesso di disegnare un farmaco specifico, l’STI
571, che ha come target il difetto molecolare. Tale farmaco è un
inibitore competitivo della tirosin chinasi ABL, ed è attualmente
utilizzato nella terapia della leucemia mieloide cronica (CML), ed
oggi è in via di sperimentazione in trials clinici. Test clinici effettuati durante la fase cronica di malattia dei pazienti affetti da
CML mostrano che il trattamento è efficace ed induce la remissione ematologica in più del 90% dei pazienti e la remissione
citogenetica in più del 60% di questi. La durata della risposta è
ad oggi ancora sconosciuta, anche se studi preliminari mostrano che un’ampia porzione di pazienti responsivi possono perdere
la loro sensibilità alla terapia. La resistenza all’STI 571 nella fase
cronica non può essere ancora valutata, ma in fase accelerata o
blastica le cellule Ph+ sono o diventano resistenti all’ STI 571 nella maggior parte dei casi. Il meccanismo di resistenza all’ STI
571 non è stato ancora determinato, anche se l’overespressione
del gene BCR/ABL o alternativamente, mutazioni puntiformi del
sito catalitico della proteina BCR/ABL possono essere coinvolti
nei processi di resistenza al trattamento. Per investigare queste
ipotesi, abbiamo effettuato degli esperimenti in vitro con linee
cellulari Ph+ (K562, KCL 22, TOM-1, KT1) che sono state incubate
con STI 571 a varie concentrazioni. Abbiamo utilizzato la RealTime PCR per valutare in queste cellule l’espressione del gene
ibrido BCR/ABL, e di una serie di geni coinvolti nel controllo del
ciclo cellulare, nel controllo della maturazione cellulare, e l’espressione del mRNA di SHP1 e SHP2, due tirosin fosfatasi contenenti domini SH2. I risultati sono stati correlati con l’induzione
della proliferazione e della apoptosi delle cellule. Le linee cellulari sono state coltivate in presenza di STI 571 a concentrazioni
incrementanti ogni 10 giorni di 0.1 µM, e sono diventate
resistenti al farmaco. La loro crescita non viene inibita, all'
opposto l’80% delle cellule coltivate con 1 microM di STI571
sono indotte all’apoptosi in 48h. Abbiamo riscontrato che la
resistenza in vitro è associata ad un incremento di 10 volte dei
livelli intracellulari dell’mRNA e della proteina BCR/ABL, e a
decrementi di due logaritmi dell’mRNA dell’SHP2, e che questi
cambiamenti sono evidenziabili dopo le prime 24 h di trattamento. La down regolazione dell’SHP2 non si osserva nelle linee
cellulari sensibili all’STI 571 coltivate con alte dosi del farmaco.
Questi risultati indicano un importante ruolo della tirosin fosfatasi SHP2 nell’overespressione della p210.
Funding: Studio supportato da fondi dell’ AIRC (Milano), CNR
PF Biotecnologie,MURST, AIL e Regione Campania.
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INTERNAL TANDEM DUPLICATION OF FLT3 AND ACTIVATING MUTATION OF
D835 ANALYSES IN PATIENTS WITH ACUTE MYELOID LEUKEMIA AND
MYELODYSPLASTIC SYNDROMES
Lo Nigro C, Mattei D, Mordini N, Gallamini A
Department of Hematology, S. Croce Hospital, Cuneo
Mutations of receptor tyrosine kinases are implicated in the
constitutive activation and development of human malignancy.
FLT3 receptor is expressed on lymphoid and myeloid progenitors
in the hematopoietic system. An internal tandem duplication
(ITD) of the juxtamembrane (JM) domain-coding sequence of
the FLT3 gene (FLT3/ITD) is found in 20% of patients with acute
myeloid leukemia (AML) and in 3% of myelodysplastic syndromes
(MDS) and it is strongly associated with leukocytosis and poor
prognosis in AML patients. Recently, several kinds of missense
mutations, the most frequent of which is the D835Y, were found
in 7% of AML cases, 3.4% of MDS cases and 2.8% of acute lymphocytic leukemia patients. We analyzed diagnostic bone marrow specimens from 6 adult patients with MDS and 17 adult
patients with AML treated with an induction schedule including ARA-C, anthracycline and etoposide, from 1995 to date, for
the presence of the Flt3/ITD. Exons 11 and 12 were amplified by
PCR; 5 AML samples (29%) were positive for the FLT3/ITD and
the location and the size of the duplication varied from sample
to sample. In one AML patient with normal cytogenetics and
the FLT3/ITD we determined the absence of the wild-type allele
by PCR and LOH analysis in the 13q12 region. The FLT3ITD/genotype is reported in 35% of FLT3/ITD patients and is proposed to represent a dominant positive, gain of function mutation providing AML cells with a greater growth advantage compared with cells having the FLT3WT/WT or the FLT3WT/ITD genotypes. Only one of the FLT3/ITD positive patients had an unfavorable cytogenetic marker and there was not a predominance
of a particular FAB class. The remission induction rate (CR) was
80% in the FLT3/ITD positive patients compared with 75% in the
FLT3/ITD negative ones (p=0.34). Overall survival for patients
with the FLT3/ITD was 40% compared with 75% for patients
without the FLT3/ITD (p=0.19). The event-free survivals at 1 year
for patients with and without FLT3/ITD were 20% and 42%,
respectively (p=0.43). Moreover, we identified the mutation in
the key regulator residue D835 in 2 AML (12%) and in 1 MDS
(17%) patients among the same cohort of patients. In conclusion, FLT3/ITD did not affect the overall CR rate, the overall survival, nor disease free survival, although these data could not be
highly significant, since the sample number was not enough to
highlight statistical differences and the median follow-up period of our patients population is 14 months, with a limited predictive value. We confirmed that the presence of a FLT3/ITD is
strongly associated with leukocytosis, a very poor prognostic
factor in AML, since 5/5 patients with the FLT3/ITD had hyperleukocytosis compared with 3/12 patients without the FLT3/ITD
(p<0.0001). The incidence of the D835 mutation was lower than
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that of the ITD in AML patients and it is not still demonstrated
that the D385 mutation significantly affects any clinical variable
or prognosis.

PO84
GENETIC POLYMORPHISMS OF CYP2C19 IN ACUTE MYELOID LEUKEMIA
PATIENTS TREATED WITH VORICONAZOLE
Lo Nigro C, Mattei D, Mordini N, Gallamini A
Department of Hematology, S. Croce Hospital, Cuneo
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ther clinical research is needed to determine whether CYP2C19
polymorphisms actually affect therapeutic outcomes and toxicity of drugs in the single patient. In particular, IPA is seen with
growing frequency, likely due to increasing numbers of patients
at risk of infection. Optimal selection and dosing of antifungal
agents, from accurate antifungal pharmacodynamic studies, are
nowadays important, as these infections are often refractory to
available therapy and VOR has shown promise in the treatment
of superficial and systemic mycoses.

PO85
The human cytochrome CYP2C19 is an important xenobiotic
metabolizing enzyme involved in the metabolism of a number of
drugs. The polymorphisms of CYP2C19 have been studied extensively in a large number of populations and have shown significant heterogeneity in the frequency of different alleles/genotypes and in the prevalence of the extensive and poor metabolizer (PM) phenotypes. In fact, differences in the activity of this
enzyme have been held responsible for the interindividual variability in drug response and toxicity as well as susceptibility
toward chemical-induced carcinogenesis. In particular, carriers
of two non-functional CYP2C19 alleles show evidence of a
severe impaired capacity to metabolize drugs that are substrates
for this enzyme, and hence are designed as poor metabolizers,
with a much higher risk of developing concentration-related
side-effects and toxicity. Voriconazole (VOR) is an inhibitor of the
hepatic cytochrome P450 enzymes; phase I and phase II data
indicate high intersubject variability in exposure and a significant proportion of this variability can be attribuited to the influence of the CYP2C19 genotype. We report two cases of patients
who developed invasive pulmonary aspergillosis (IPA) during
remission induction for acute myeloid leukemia (AML), failed
liposomal amphotericin B treatment and were treated successfully with VOR and underwent respectively allogeneic and autologous stem cell transplantation without reactivation of IPA.
During treatment of these two auto/allo BMT recipients with
a previous proven IPA who received successful secondary prophylaxis with VOR, we monitored galactomannan twice weekly
with ELISA kits (Platelia test) and, on the same days, we collected
5 mL of EDTA-anticoagulated blood sample, in order to analyze,
in the near future, these samples by PCR and to compare the sensitivity/specificity of the antigenemia test versus a panfungal
PCR/ELISA test. In addition, CYP2C19 genotyping was performed
on these two patients, based on the polymerase chain reaction
(PCR)-restriction based endonuclease cleavage analysis on DNA
isolated from peripheral leukocytes. In particular, the primary
defect producing the PM phenotype is a single G→A mutation
in exon 5 of CYP2C19, which produces an aberrant splice site and
a truncated non-functional protein; the mutation destroys a
SmaI site and accounts for 75-83% of the defective alleles in
both Oriental and Caucasian PM. A second major mutation was
identified in Japanese PM, but is rare in Caucasians; it consists
of a G→A change at position 636 of exon 4 of the gene and this
mutation also destroys a BamHI site. Both samples revealed two
wild-type, functional alleles for CYP2C19, specifying the two
patients to be extensive metabolizers.
The genetic test is gradually replacing probe drugs as the primary tool for screening populations for the CYP2C19 polymorphisms. A full appreciation of the clinical and toxicological relevance of these genetic variations is at present limited, and fur-

MALIGNANT MASTOCYTOMA AND ANGIOGENESIS. A TUMOUR MODEL TO
STUDY THE CORRELATION BETWEEN MICROVESSEL DENSITY AND MAST
CELL DENSITY
Ranieri G,** Patruno R,° Passantino G,° Tafaro A,*
Gadaleta C,** Passantino L°
**Interventional Radiology Unit, National Cancer Institute of
Bari, Italy; °Department of Animal Health and Welfare,
University of Bari, Italy; *Department of Internal Medicine,
Immunology and Infectious Disease, Section of Microbiology
and Immunology, University of Bari, Italy
Angiogenesis, a key step for tumor progression (growth, invasion and metastasis), consists in new blood vessel formation from
a pre-existing vascular bed. Angiogenesis, is a complex multistep process regulated by several positive soluble factors such as
vascular endothelial growth factor (VEGF), thymidine phosphorylase (TP), basic-fibroblast growth factor (b-FGF) and negative soluble factor as thrombospondin-1, angiostatin and endostatin. The
above regulatory factors can be secreted from neoplastic cells
but also from host stromal mast-cells (MCs). Several published
studies suggest that MCs are involved in neovascularization; in
particular MCs have been demonstrated in experimentally induced
tumors, to accumulate near the tumor cells before the onset of
angiogenesis and to be associated with the metastatic spreading
of primary tumor cells. MC involvement has been suggested in
hemangioma, non-Hodgkin’s lymphomas and multiple myeloma.
To evaluate the putative role of mast cells density (MCD) in the
angiogenic process we studied a series of dog primary mastocytomas (MCTs). MCTs are a common neoplasm in the dog, with a
much higher incidence than in humans. Based on the ontogenetic spinneret tissue MCs originate from the stem cell CD34+ and in
this way MCTs are haematological tumours. Both well (G1) and
intermediate (G2) differentiated MCTs did not result in frequently distant metastasis, while G3 MCT generally behaves in an
aggressive manner, metastasizing to local lymph nodes, liver,
spleen and bone marrow. Short overall survival has been seen to
correlate in patients with G3 MCT. To our knowledge, no data
have been published with regard to the angiogenic process and
MCT. A series of formalin-fixed paraffin-embedded cutaneous
lesions obtained from dogs were selected. Definitive histological
diagnosis was performed on hematoxylin-eosin and toluidine blue
(Merck, Darmstadt, Germany) stained slides for each tumor sample. Cytohistological grade of tumor differentiation was assigned
according to Patnaik classification and 34 G3 MCTs were selected. For the evaluation of microvessel density (MVD) a three-layer biotin-avidin-peroxidase system was adopted. Briefly 6µ thick
serial sections were cut for each tissue sample. After heating,
slides were incubated with the anti FVIII-RA (Dako, Glostrup,
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Denmark) polyclonal antibody as endothelial marker. The bound
antibody was visualized by using biotinylated secondary antibody,
avidin-biotin peroxidase complex, and a 3-amino-9-ethylcarbazole (Dako, Glostrup, Denmark). Nuclear counterstaining was
performed for each tissue sample, both with Gill’s hematoxylin
(Polysciences, Warrington, PA, USA) and toluidine blue in serial
sections. The slides were evaluated using an image analysis system (Quantimet 500 Leica). The five most vascular areas hot spots
were selected at low magnification and both individual vessel and
mast cell were counted at 400 × fields (40× objective lens and 10
× ocular lens; 0.19mm2 per field; Leitz Orthoplan Germany). Both
MVD and MCD means and standard deviations (s.d.) were determined for each tumor sample and in global series. The association analysis between MVD and MCD was calculated using Pearson’s (r) analysis. In our study MVD mean was 19 ± 10 s.d. Groups
of neoplastic MC were seen scattered in an abounding collagen
interstitial tissue either near to or distant from the wall of blood
vessels. The mean value of MCD was 115 ± 83 s.d. Pearson’s analysis between MVD and MCD failed to show any correlation (p= n.s.).
In spite of the biological correlation between MCD and MVD
reported in several human malignancies, no data have been published on angiogenetic characteristics in primary MCTs. In tumors
MCs are recruited and activated via several factor secreted by the
tumor: the c-kit receptor or stem cells factor, as well as the FGF2, and TP. MCs also contain VEGF, FGF, TP, gelatinase A and
heparin which in vitro stimulates endothelial cell proliferation
and migration but in vivo inhibits endothelial proliferation. In this
pilot study no significant correlation between MCD and MVD was
found, consequently we suggest that neoplastic MCD should not
induce angiogenic processes. In our hypothesis malignant MCs
could contain low or altered pro-angiogenic factors respect to
normal MCs. For instance G3 MCs have been reported to have few
secretory granules and few heparin molecules. This conclusion is
also supported by the lower MVD found in G3 MCTs as compared
to other human malignancies. In this way the biological aggressiveness of G3 MCTs could be based on an additive or alternative
non-angiogenic pathway as recently demonstrated in human
breast cancer. Finally to elucidate the role of angiogenesis in the
metastatic process of the MCT tumor model, further studies on a
larges series including G1 and G2 MCTs are required.

PO86
PHARMACOGENETICS OF PURINE METABOLIZING ENZYMES IN CHRONIC
LYMPHOPROLIFERATIVE DISORDERS
Loni L, Danesi R, Fioravanti A, Savarino G, Petrini M,*
Loni C,° Del Tacca M
Division of Pharmacology and Chemotherapy, Division of
Haematology*, Department of Oncology, Transplants and
Advanced Technologies in Medicine, University of Pisa, Italy;
II°Internal Medicine Service, Versilia Hospital°
Background. Purine analogs, including 2-deoxycoformycin,
fludarabine and 2-chloro-deoxyadenosine, are effective drugs
in the treatment of chronic lymphoprolipherative disorders
(Johnson SA, 2000). Cellular uptake of chemotherapeutic agents
is allowed by extra cellular dephosphorylation with ecto-5’nucleotidase (ecto-5’-NT) followed by their activation to cytotoxic metabolites by deoxycytidine kinase (dCK), while drug inactivation occurs by dephosphorylation through endo-5’-nucleoti-
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dase (endo-5’-NT) (Resta R et al., 1998). Phosphorylation of 2'deoxyformycin appears to be required for biological activity and
is probably catalyzed by adenine kinase (AK) rather than dCK.
Futhermore, adenosine deaminase (ADA) inhibition by 2-deoxycoformycin is associated with cellular overload of deoxynucleotides, mainly deoxyadenosine-triphosphate (dATP) derivated from a high level of deoxyadenosine and S-adenosyl-homocysteine (S-AO) by inhibition of S-adenosyl-homocysteinehydrolase (S-AOH). An elevated plasma level of S-AO seems to
be responsible for cytotoxic effects on bone marrow cells
(Caggese C et al., 1997). The presence of nucleoside metabolism
enzymes in malignant cells is a critical determinant of their sensitivity to chemotherapeutic agents (Dumontet C et al., 1999;
Moriwaki Y et al., 1999). In fact, deficiency of dCK and/or AK
activity seems to be associated with resistance to these agents,
whereas increased enzyme activity may be associated with high
activation of such compounds to cytotoxic nucleoside triphosphate derivates. Aims. Since the enzymes of purine metabolism
are critical determinants of chemosensitivity of malignant cells,
a RT-PCR study has assessed the expression of dCK, endo-5’-NT,
ecto-5’-NT, ADA, AK, S-AOH in lymphoid cells from patients with
lymphoproliferative disorders. Methods. From April 1999 to
March 2002, one hundred and thirty-eight blood samples were
examined: one-hundred and ten (63M; 47F, mean age 63) from
patients with low-grade non-Hodgkin lymphomas (LG-NHLs,
n=62; mean age 61), with B-chronic lymphocytic leukemia (CLL,
n=39; mean age 65) nine patients with HG-NHLs (mean age 60)
and twenty-eight samples from blood donors. Gene expression
was analysed on RNA extracted from mono-nucleated cells from
peripheral blood (66 patients and 28 blood donors) or bone marrow (44), reverse-transcribed into cDNA and amplified by PCR,
using specific primers for dCK, endo-5’-NT and ecto-5’-NT. The
semi quantitative analysis of the amplification products of AK
(500 bp), dCK (436 bp), endo-5’-NT (359 bp) ecto-5'-NT (391 bp),
ADA (299 bp) and S-AOH (50 bp) was performed by image analysis and normalized to β-actin to obtain an index of relative gene
expression. The ratios of dCK/endo-5'-NT and dCK+ecto-5’NT/endo-5’-NT were evaluated in LG-NHL, CLL and blood donors
samples and the differences were statistically analysed by Student’s t-test. Moreover, the ratios of ADA/β-actin were assessed
in the group of CLL, LG-NHLs and HG-NHLs patients. Results.
DCK/endo-5’-NT ratio in CLL vs. LG-NHLs was 1.06±0.22 vs.
0.63±0.24 (mean±S.D.; p<0.005), while dCK+ecto-5’-NT/endo5’-NT in CLL vs. LG-NHLs was 2.22±0.59 vs. 1.44±0.27 (p<0.025).
DCK/endo-5’-NT ratio in blood donors vs. LG-NHLs was
0.98±0.68 vs. 0.63±0.24 (p<0.05), while the ratio dCK/endo-5’NT in blood donors vs. CLL and the ratio dCK + ecto-5’-NT/endo5’-NT blood donors (1.85±0.64) vs. both CLL and NHL-LG were
not statistically significant. ADA/β-actin ratios in CLL vs. LGNHLs was 0.6±0.36 vs. 1.29±0.46 (p<0.0005), ADA/β-actin ratios
in CLL vs. HG-NHLs was 0.6±0.36 vs. 1.6±0.84 (p<0.0005), while
the ratios ADA/b-actin in LG-NHL vs. HG-NHL was significant
only for p<0.2. AK end S-AOH analysis showed variable expression. Conclusions. The higher dCK/endo-5'-NT and dCK+ecto5’-NT/endo-5’-NT ratios in CLL patients suggest a major likelihood of response to purine analogues as compared to LG-NHLs,
possibly allowing the prediction of individual sensitivity or resistance to treatment. The progressive increase of ADA/β-actin
ratio seems associated with the ride of histological aggressiveness. These results provide evidence of the feasibility of routine
pharmacogenetic analysis in chronic lymphoproliferative disorders for prognostic purposes, in order to select patients who are
likely to respond to nucleoside analogues.
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MULTIPLE MYELOMA PATIENT WITH UNUSUAL EXTRAMEDULLARY
INVOLVEMENT
Giuliani N,* Caramatti C,* Roti G,* Gaeta A, Colla S,*
Bonomini S, Hojden M, Sammarelli G,* La Monica S,*
Craviotto L,* Rizzoli V*
Cattedra di Ematologia, Università di Parma, Italia
Multiple myeloma (MM) is a plasmacell malignancy usually
restricted to the bone marrow. Extramedullary involvement can
occur rarely and has been identified in the nasopharynx, upper
respiratory tract or gastrointestinal tract. One year ago a 62-yearold man was admitted to our hospital for weakness. Laboratory
tests revealed the presence of anemia with total serum protein of
12.1gr/dl and M-component IgG immunoglobulin (8520mg/dL).
Serum immunoelectrophoresis demonstrated a spike of IgGλ
chains. Among the others laboratory data we found a blood sedimentation rate of 137 mm and β-2 microglobulin of 6.8 mg/dl.
Bence Jones λ chains were detected in the urine. Bone marrow
biopsy showed a high number of plasmacells (range percent 7075%) with diffuse type of infiltration. Bone marrow aspirate
showed 80% of plasmacells with hypocellular erythroid, myeloid,
and megakaryocyte component. Radiographic examination
demonstrated the presence of a single osteolytic lesion in distal
humerus. The patient received five cycles of VAD regimen therapy. After the third cycle a partial response was observed with a
reduction of BM plasmacytosis (45%). However a relapse was
observed after the last VAD treatment. A bone marrow specimen
indicated the presence of 75% plasmacells. His general physical
conditions worsened and the patient was hospitalized. Physical
examination revealed dullness and decreased breath sounds in
the right lung base. Radiographic examination showed a right
pleural effusion. In a few days the patient developed a right hydrocele with an indolent testicular mass. Thoracentesis and hydrocele aspiration were performed. Flow cytometry analysis showed
the presence of CD138+ monoclonal plasmacells in both testicular and pleural fluid in percentages of 70% and 80%, respectively. Cytological examination of testicular and pleural fluid revealed
the presence of atypical plasmacells. Electrophoresis demonstrated the presence of monoclonal protein in the pleural and
testicular fluids and PCR for IgH gene rearrangement showed a
monoclonal band belonging to the VH3 family. After unexpected
occlusive duodenal syndrome, ascites developed rapidly and
patient died of cardiac shock. In conclusion we describe a case of
patient with a very unusual extramedullary involvement including both testis and a pleural localization with a rapid and aggressive evolution.

PO88
INTERNAL TANDEM DUPLICATIONS OF FLT3 GENE (FLT3/ITD) NEGATIVELY
AFFECT DISEASE-FREE SURVIVAL IN ADULT PATIENTS WITH ACUTE
MYELOID LEUKEMIA
Ciolli S, Vannucchi AM, Leoni F, Nozzoli C, Longo G, Salati A,
Bianchi L, Bosi A, Rossi Ferrini P
Department of Hematology, University and Hospital Careggi,
Florence, Italy
Despite progress in chemotherapy, most AML patients eventually relapse and long-term survival still remains unsatisfacto-
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ry. New genetic tools beyond karyotype at diagnosis are needed
to predict clinical outcome and Flt3/ITD mutation has been
reported as predictive for leukemia-free survival. We investigated the incidence and clinical significance of Flt3/ITD in 63 welldocumented adult AML patients, most of whom were over sixty, and who were all subjected to intensive chemotherapy. Nineteen (30%) were Flt3/ITD+ patients: these were younger (median age 51 years), with a significantly higher LDH value, lower
incidence of s-AML and of favorable or intermediate prognosis
karyotype, as compared to Flt3/ITD- cases. Sixty-one patients
were evaluable for response to chemotherapy. CR rate and OS
were similar in Flt3/ITD+ and Flt3/ITD- patients but DFS was
impressively poor in the Flt3/ITD+ ones (4 vs 14 months). By Cox
multivariate analysis, the presence of Flt3/ITD was the poorest
risk factor for DFS (p= 0.02, RR = 3 with 95% CI 1.1 to 8), followed by karyotype (p= 0.05, RR=2,8 with 95% CI 0.9 to 8). Only
2 out of 19 Flt3/ITD+ patients were relapse-free at 2 years and
both had been transplanted in CR1. Routine evaluation of
Flt3/ITD at diagnosis allows identification of AML patients at
high risk of relapse, who should prospectively receive, according
to age, either more aggressive or alternative therapeutic
approaches once CR1 has been obtained.

PO89
COEXISTENCE OF TWO B-LYMPHOPROLIFERATIVE DISEASES:
IMMUNOPHENOTYPIC AND MOLECULAR CHARACTERIZATION
Novella E, Giaretta I, Madeo D, Frezzato M, Carbone G,
Cazzavillan S, Rodeghiero F
Department of Cell Therapy and Hematology,
San Bortolo Hospital, Vicenza, Italy
The heterogeneity of B-cell malignancies is being increasingly recognized with the systematic use of immunophenotyping
(IF) and molecular analysis. A few cases of concomitant occurrence of two lymphoproliferative diseases in a single patient
have been reported; however, to the best of our knowledge
(Medline assisted search), no case of splenic lymphoma with villous lymphocytes (SLVL) associated with small lymphocytic lymphoma (SLL) has been reported so far. A 60-year old woman was
admitted to our department because of lymphocytosis and
symptoms related to splenomegaly. IF and molecular analysis of
the immunoglobulin heavy chain (IgH) rearrangement were performed on peripheral blood and spleen biopsy at diagnosis, to
verify the hypothesis of the association of two different lymphoproliferative disorders, as first suggested by morphologic
examination. Analysis of IgH rearrangement was performed
using forward degenerated primers for FR2-VH and FR3-VH in
a seminested-PCR (sn-PCR) procedure, with LJH and VLJH
reverse primers. Successively, the same forward degenerated
primers for FR2-VH and FR3-VH, and also 7 FR1-VH forward
family specific primers were employed, along with a fluorescent
JH3’ (5’ FAM labeled) reverse consensus primer. PCR fluorescent
products were analyzed using capillary electrophoresis followed
by gene scanning on ABI-Prism 310. The patient was subjected
to splenectomy and six moths later, IF and IgH analysis for FR1
were repeated. IF investigation revealed the presence of two distinct B-derived cell populations. The first one (comprising 30%
of the total cells), characterized by CD19+, CD20+, CD22+, CD23+,
CD5+, CD10−, FMC7−, and high density for κ light chains, was
representative of SLL. The second one (comprising 8% of the
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total cells), characterized by CD19+, CD20+, CD23−, CD5−, CD10,
CD11a+, CD11c+, CD25−, FMC7+ and clonal for λ light chains, was
representative of SLVL. FR2 and FR3 sn-PCR products showed
two and three clear bands respectively, both in peripheral blood
and spleen, by ethidium bromide-stained agarose gel. The results
were confirmed by automated high resolution PCR fluorescent
fragment analysis. To clarify the discrepancy between FR2- and
FR3-PCR, the samples at diagnosis were tested with a panel of
family specific primers for FR1. GeneScan analysis of FR1 PCR
products demonstrated only two clear peaks, both for VH. FD1
family; the two rearrangements differed by 12bp in the CDR3
domain as assessed by sequencing. After splenectomy, the SLVL
population was undetectable at IF analysis, while, molecular
analysis, using VH-FD1 family specific primer, showed the persistence of both rearrangements. In conclusion, IgH molecular
analysis does not allowed the two VH-FD1 rearrangements to be
attributed to either SLL or SLVL. FR1-PCR results could be due
to continued rearrangements or somatic maturation processes,
frequently observed in lymphomas; furthermore, the presence of
subpopulations with a common origin could be not excluded.
Nevertheless FR3-PCR allows supposition of the involvement of
a third tumor clone, undetectable by FR2- and FR1-PCR. Cloning
procedures are in process to assess this hypothesis. This study
emphasizes the value of IF and IgH rearrangement analysis in
clarifying a complex clinical picture giving important clues to
add to the knowledge of lymphoma classification.

eral medical condition suggesting an amyloid disease, such as
nephrotic proteinuria, restrictive cardiomyopathy, peripheral
neuropathy, coagulopathy and carpal tunnel. Each patient presenting a positive PUF was re-evaluated almost two times.
Patients with inconclusive PUF were periodically (about every
three months) tested.

PO90
LONG-TERM EXPERIENCE IN THE SYSTEMIC SCREENING OF THE
AMYLOIDOSIS: A REAPPRAISAL ON THE DIAGNOSTIC ROLE OF
CONGO RED STAINING OF ABDOMINAL FAT SPECIMENS
Scaramucci L, Niscola P, Bongarzoni V, Ciafrino R,
Montanaro M
Hematology Unit, Montefiascone Hospital, Azienda Sanitaria
ASL, Viterbo
Background: Amyloid is a non-uniform protein, characterized
by a cross-β plated configuration that is deposited in the tissue
causing organ damage. In paraffin sections and in smears of
peri-umbilical fat (PUF) aspirates, amyloid is detected using Congo red (CR) staining and a polarizing microscope with a tension-free clean optic system, showing a typical apple-green birefringence. Other more sophisticated diagnostic methods, such as
immunohistochemistry and double labeling immunogold electron microscopy are available in only a few specialized Centers
and are indicated in selected cases to identify the amyloid type.
We have reviewed our experience on the systematic analysis of
almost all patients with immunoproliferative disorders or presenting suspected signs of amyloid disease by CR staining of
abdominal fat aspirates, reporting here our observations on the
actual diagnostic role of this test. Patients and Methods: From
January 1994 until March 2002, we performed CR staining of
672 PUF aspirates as a screening for systemic amyloidosis (SA)
in clinical assessment of 401 consecutive patients (222 male,
179 female, median age of 64 years, range 17-87 years). Out of
401 patients, 210 (52%) presented monoclonal gammopathies
of undetermined significance (MGUS), 60 (15%) were affected
by multiple myeloma (MM), 18 (5%) by a diagnosed SA on other organ biopsy, 15 (4%) by Waldenström disease, 39 (10%) by
others lymphoproliferative disorders (LD) and 59 (14%) by sev-
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Results: out of 672 performed examinations, 646 (96,2%)
were evaluable. Overall 401 patients, 47 (12%) had a positive,
292 (72%) a negative and 51 (16%) an inconclusive PUF. On the
next examinations, out of 51 patients with previous inconclusive samples, 7 (14%) were positive after a median period of 6
months (range, 3-39), 31 (60%) were negative, 5 (10%) were lost
to follow up and 8 (16%) remained inconclusive. Out of 47 positive PUF patients, 18 (38%) had proven AL previously demonstrated on another organ biopsy, 25 (53%) had synchronous SA
signs and 4 (9%) presented subsequent SA clinical manifestations, associated with MM (2) and with MGUS (2), developed
after 12,12,13 and 22 months respectively. Seventeen (94%) out
of 18 SA patients documented on organ biopsy had a positive
and one (6%) a negative PUF. A false positive PUF were observed
in 6 (11%) out of 53 cases. No complications due to the aspirates were observed and no patient refused the procedure. Conclusions: In our experience, this diagnostic tool showed a 94%
sensitivity and 89% specificity. Systematic PUF aspiration in
almost all patients presenting MGUS, MM and other LD, allowed
early diagnosis in four patients presenting no SA manifestations,
outlining the high predictive value of PUF aspirate, even if it is
not always mandatory in the clinical assessment of all patients
with LD. This procedure should be evaluated on individual basis
and promptly proposed to patients presenting suspicious SA
signs. We suggest that the PUF maintains a main role in SA
screening because it has a high diagnostic value, is easy to perform and, being virtually devoid of morbid complications. This
exam may be proposed even in case where other types of tissue
biopsy are not recommended, such as in patients at risk of bleeding. Furthermore, this procedure, although requiring an experienced operator for the examinations of the specimens stained
with CR under polarized microscopy, is reliable, useful, safe,
inexpensive and well tolerated.
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PO91
A FISH PANEL PROBES TO SCREEN PATIENTS PRE AUTOLOGOUS BONE
MARROW TRANSPLANT AND REFERRED FOR MDS IS A VERY HELPFUL
TOOL TO IDENTIFY CHROMOSOME ABNORMALITIES NOT EVIDENCED USING
STANDARD CYTOGENETICS
Abruzzese E, Orlandi G, Scimò MT, Buccisano F, Venditti A,
Tamburini A, Cianciulli P, Perrotti A, Amadori S
Ospedale S. Eugenio-Roma
The incidence of myelodysplastic syndromes (MDS) has rapidly increased in the past 10 years. The diagnosis, prognosis and
therapeutic decisions depend on the peripheral blood and bone
marrow morphology and the presence and the type of cytogenetic abnormalities. Post-transplant MDS is a serious complication leading to high morbidity and mortality in patients treated
for their primary malignancy. We examined 158 patients referred
for MDS and 23 patients pre autologous transplant (PT) using
conventional cytogenetics and a panel of MDS-related fluorescence in situ hybridiztion probes (screening FISH). Standard cytogenetic analysis was performed in all patients and considered
successful when at least 10 metaphases were examined. The FISH
panel was tested in all patients and included LSI5q(31), LSI7q(31),
CEP7, CEP8, and LSI20q(13) probes for the detection of aneuploidy of chromosome 5, 7, 8, and deletions at the long arm of
the chromosomes 5, 7, and 20. A minimum of 100 cells were
analyzed per patient for each probe applying a 10% abnormal cell
count threshold. Of the 23 patients undergoing autologous transplant 13 patients who developed post-transplant MDS were studied retrospectively using pre-transplant samples, and 10 patients
were studied prospectively pre-transplant. All the patients
referred for MDS were studied prospectively. Cytogenetic analysis was successful in 141 (126 MDS/15 PT) patients, with 36
(35MDS/1PT) patients showing chromosome abnormalities. Forty
(32MDS/8PT) patients did not complete the study because of low
mitotic index with an insufficient number of metaphases examined. In 56 (43 MDS/13 PT)/181 patients screen FISH was positive for abnormal cell count with a number of abnormal cell ranging from 12 to 93%. Once compared with the standard cytogenetic the screening FISH results were concordant in 34/56
patients in which the same abnormalities were seen at karyotype.
Normal karyotype with abnormal FISH was evidenced in 6
patients (2MDS/4PT) with an abnormal cell range varying from
15 to 25%. Screening FISH evidenced abnormalities in patients
who had failed the cytogenetic analysis in the remaining 16 cases. The most common hidden abnormalities were monosomy 7,
followed by del(5)(q31), del(7)(q31), trisomy 8, del(20)(q13) and
monosomy 5. As reported above therteen PT patients were found
positive with the screening FISH. Of these 13 patients 10 patients
were studied retrospectively by analyzing pre-transplant stored
sample after they had developed post-transplant MDS, while 3
patients were identified after a prospective, pre- transplant
screening. These results confirm the hypothesis of the presence
of treatment-derived abnormal clones in pre transplant samples
and also pose the question of whether to proceed with the transplant or not. This study demonstrates the importance of screening pre transplant patients and MDS patients using a panel of
FISH probes for the most common cytogenetic abnormalities in
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order to support standard cytogenetic and identify occult clones,
thus helping in the complex processes of diagnosis, therapeutic
decisions and prognosis.

PO92
OCCURRENCE OF HODGKIN'S AND NON-HODGKIN'S LYMPHOMA IN THE
SAME PATIENT: A CLINICO-PATHOLOGIC ANALYSIS OF FIVE CASES
Spirito FR,° Anselmo AP,° Cavalieri E,° Osti MF,* Cardarelli L,°
Mandelli F°
°Dipartimento di Biotecnologie Cellulari ed Ematologia;
*Dipartimento di Radiologia, Università "La Sapienza", Roma
Hodgkin’s disease (HD) and non Hodgkin’s B-cell lymphoma
(NHL) occasionally occur in the same patient. In some instances
they may be sequential events or, more rarely, both diagnoses
may be made simultaneously in the same organ or mass, the socalled composite lymphoma, or in two different anatomic sites
(discordant lymphoma). The most frequent combination is a diffuse large B- cell lymphoma (DLBCL) occurring after a nodular
lymphocyte-predominant Hodgkin’s disease (NLPHD). Traditionally, NHL and HD developing in the same patient have been considered unrelated disorders. Nevertheless, molecular studies of
single Hodgkin’s and Reed-Sternberg cells have shown that both
classic HD and NLPHD are clonal populations of transformed B
lymphocytes with somatically mutated Ig variable region genes.
Furthermore, the identification of cases diagnosed simultaneously or sequentially in the same patient indicates that this phenomenon occurs more frequently than would be expected by
chance alone and, together with recent molecular findings, suggests that these disorders may be more closely related than previously believed. We report here the clinico-pathologic description of five patients who developed HD and NHL, three simultaneously and two as sequential events. Among the three patients
with the simultaneous presentation, two showed a discordant
disease with one patient being diagnosed as having small B-cell
NHL in the bone marrow and classic HD (mixed cellularity subtype) in lymph node, and the other nodal NLPHD and DLBCL of the
spleen. The third patient had a nodal composite lymphoma consisting of a classic HD (mixed cellularity subtype) and a small Bcell NHL. The remaining two patients had sequential diseases
occurring in the same nodal site: a small B-cell NHL followed one
year later by a classic HD (nodular sclerosis subtype) in one case
and a NLPHD which was resistant to chemotherapy and progressed to DLBCL in the other. Treatment varied according to diagnosis and clinical stages. Prognostic outcome was closely related
to the histologic subtype of the NHL component. In the first four
patients, the HD component was eradicated with standard
chemotherapy; in addition, all showed excellent response after
conventional treatment for the low grade NHL. Composite, discordant and sequential NHL are now considered to represent different phases of clonal evolution rather than a coincidental simultaneous occurrence of two unrelated lymphomas. Recent molecular studies utilizing clono-specific assays indicate that least in
some cases, also NPLHD and DLBCL may share a common clonal
origin. Further biological studies aimed at better characterizing
our cases are in progress.
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PO93
EXPRESSION OF ADHESION MOLECULES IN ACUTE MYELOID LEUKEMIA
Tamburini A, Buccisano F, Maurillo L, Venditti A, Del Poeta G,
Del Principe I, Franchi A, Amadori S
Cattedra di Ematologia, Università Tor Vergata,
Ospedale S. Eugenio, Roma
Interactions between hematopoietic cells and endothelial cells
are important in normal hematopoiesis and leukemogenesis.
These interactions are mediated by specific cell surface receptors. The expression of these molecules may interfere with adhesive properties as well as with immune surveillance. We studied
the expression of selected adhesion molecules in 270 newly
diagnosed cases of acute myeloid leukemia (AML). The blast cells
were analyzed by flow cytometry; monoclonal antibodies used
were directed to β-1 integrins (CD49a, CD49b, CD49d, CD49e,
CD49f), β-2 integrins (CD11a, CD11b, CD11c, CD18), ICAM-1,
CD62L, CD31 and CD44. A given marker was regarded as positive if expressed on more than 20% of cells in the blast gate. In
order to define the clinical relevance of these molecules we analyzed their correlation with FAB subtype, karyotype, response to
therapy and prognosis. One hundred and 46 patients (pts) were
males (54%) and 124 females (46%); median age was 55 years
(range 18-86). FAB categories were as follow: M0 30 (11%), M1
57 (21%), M2 57 (21%), M3 27 (10%), M4 37 (14%), M5 59
(22%) and M6 3 (1%). The population of patients were also
included 35 cases of secondary AML (sAML) (13%). The pts were
treated according to current EORTC/GIMEMA protocols. The
expression of β-1 integrins was significantly associated with
M4/M5 subgroups; in fact CD11a and CD18 were expressed in
100% of M5 (p <0.001), CD11b in 89% of M5 and the lowest
expression was observed in M3 in which CD11c was not
expressed at all (p<0.001). CD54 was found in 91% of sAML
(p<0.001), in 77% of M0 and in 82% M5 (p<0.001). CD49f was
expressed mainly in M0 (72%) with lower expression in M4/M5
(p=0.03). CD62L, CD31 and CD44 were expressed heterogeneously within the FAB subgroups. CD11a expression was significantly associated with high risk cytogenetics (p=0.02). AMLM3 cases were excluded when the analysis of response to treatment was performed. CD11b and CD11a were associated significantly with a low complete remission rate (p<0.001) and short
duration of overall survival (p=0.003), respectively. We conclude
that the expression of adhesion molecules in AML may be relevant in terms of classification purposes and prognostic impact.

PO94
ROLE OF CONVENTIONAL SKELETAL X RAY, Tc99-MDP SCINTIGRAPHY
AND TC99M-SESTAMIBI IN THE DETECTION OF BONE LESIONS IN
MULTIPLE MYELOMA
Masini L,* Prosperi D,** Gamberi B,* Bulgarelli S,* Salvo D,**
Gugliotta L*
*Servizio di Ematologia, **Servizio di Medicina Nucleare,
Azienda Ospedaliera S. Maria Nuova, Reggio Emilia, Italy
Standard skeletal X-rays are widely used in diagnosis, staging
and follow-up of multiple myeloma (MM) patients, since conventional Tc99-MDP bone scintigraphy (MDP) is usually less sensitive. Recently few data have been reported that Tc99m-sestaMIBI whole body scintigraphy (MIBI) may be more specific
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than conventional Xr in identifying active bone lesions in MM
patients. In order to compare the three imaging techniques, we
studied a small cohort of 10 patients affected by either MM (9:
5 at diagnosis, 4 pretreated) or monoclonal gammopathy of
undefined significance (MGUS)(1). Xr, MDP and MIBI showed
bone lesions in 8/10, 7/10 and 3/10 patients respectively. Xr,
MDP and MIBI were completely concordant only in 2/10 patients,
one with MGUS and the other with smouldering myeloma: they
both showed normal skeletal findings. The three techniques were
partially concordant in 3 out of the patients studied, even if Xr
and MDP showed a larger number of lesions: in particular, one
patient was at diagnosis, one patient had active disease, while
the third patient could have had inactive lesions since clinically stable post autologous bone marrow transplantation. On the
other hand, results were discordant in 5 cases, with positive Xr
and MDP and negative MIBI: in particular, 3 patients were at
diagnosis and two were pretreated but with resistant or relapsing MM. In untreated patients, the total number of focal lesions
detected by Xr, MDP and MIBI was 13, 11 and 1, respectively. In
conclusion, in our experience, MIBI provides an unacceptable
proportion of false negative, does not correlate with Xr and MDP
findings and does not seem to be a reliable tool for assessing MM
bone lesions. Future analysis and technical improvements are
needed to increase sensitivity and reduce discrepancies between
these imaging techniques.

PO95
PREFERENTIAL EXPRESSION OF BCL-2 IN MINIMALLY DIFFERENTIATED
ACUTE MYELOID LEUCEMIA
Maurillo L, Venditti A, Del Poeta G, Tamburini A, Buccisano F,
Del Principe MI, Cox C, Panetta P, Amadori S
Cattedra di Ematologia, Università di Roma “Tor Vergata”
Divisione di Ematologia, Osp. S. Eugenio, Rome
The poor-risk cytogenetics found in minimally differentiated
acute myeloid leukemia (AML-M0) participates greatly in making the prognosis very disappointing, however, in our experience, about 40% of patients carry a normal karyotype, thus the
contribution of other mechanisms of chemoresistance may be
relevant and worthy of further investigation. Two-hundred and
fifty-five consecutive cases of de novo AML were studied for the
expression of MDR1 and bcl-2. Among these, 27 (10%) patients
with AML-M0 were identified. For each Moab, the percentage
of positivity was determined by comparison of the fluorescence
distribution histogram of positively stained cells to that of cells
stained with appropriate isotype control; the mean fluorescence
intensity (MFI) value was calculated by dividing the MFI of positively stained cells by that of cells stained with an isotype control. To determine individual bcl-2, MDR1, CD34 and CD71-related protein levels, we also designed an index which equals the
product of the percentage of positive cells and MFI. Bcl-2 MFI
was significantly higher in M0 (median 24.6, range 10.3-107),
M6 (median 23.4, range 4.2-83) and M1 (median 18.2, range
3.4-87.4) subtypes (p = 0.00001), whereas MDR1 MFI was higher in M5 (median 11.4, range 1.6-69.1) and M4 (median 6.9,
range 1-56) forms (p = 0.00001); in AML-M0, the value of MDR1
MFI was the lowest (median 1.6, range 0.9-20). Similarly, we
observed the highest value of bcl-2 index in M0 (median 1732,
range 242-10025), M6 (median 1606, range 290-3616) and M1
(median 1437, range 146-7604) (p = 0.00001), whereas MDR1
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index was higher in M5 (median 851, range 6-4975) and M4
(median 397, range 3-3920).When the analysis of bcl-2 MFI and
index was performed excluding AML M2, M4 and M5 the statistical significance was lost, meaning that in respect to bcl-2
expression, AML M0, M1 and M6 behave in a similar fashion.
Conversely, statistical significance was still retained when AMLM0, M1 and M6 were analyzed for MDR1 MFI and index (p =
0.041 and 0.046, respectively), suggesting differences in the
expression of MDR1 between the three groups. Based on these
findings, we designed a ratio dividing the value of bcl-2 index
by that of MDR1 (bcl-2:MDR1 ratio); the bcl-2:MDR1 ratio was
then calculated for each FAB subgroup. The high bcl-2:MDR1
ratio (median 101, range 1.7-10025) qualified AML-M0 as a true
distinct entity with a preferential expression of bcl-2, whereas
the remaining FAB subtypes expressed variable amount of both
bcl-2 and MDR1 proteins (Figure 1). We also calculated the CD34
and CD71 index, the latter was used as an indirect tool to explore
the cell-cycle status. The highest value of CD34 index was found
in AML-M0 and the difference was statistically significant (p =
0.0001); in line with this, we also observed a direct correlation
between CD34 index and bcl-2:MDR1 ratio (r 0.37, p = 0.00001).
Finally, the value of CD71 index was lowest in AML-M0 (median 80.5, range 6-1927.7) (p = 0.00001), consistent with a lack
of proliferative activity, and a prevalence of inhibition of apoptosis. In conclusion, the preferential expression of bcl-2 suggests that in AML-M0 abrogation of apoptosis may be the main
mechanism of chemoresistance. This finding, together with the
well known karyotypic similarities, makes the connection
between MDS and AML-M0 even more stronger; in fact in MDS
the leukemic progression is characterized by a change from
excess to inhibition of apoptosis. This process is commonly associated with bcl-2 overexpression.
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PO96
HEPARANASE mRNA QUANTITATIVE EXPRESSION IN NORMAL AND
LEUKEMIC HEMATOPOIESIS
Zecchina G, Fava M, De Micheli D, Rege-Cambrin G, Saglio G,
Nagler A*
Dipartimento di Scienze Cliniche e Biologiche, Università di
Torino; *Bone Marrow Transplantation Department,
Sheba Medical Center, Tel Hashomer, Israel
Extracellular matrix (ECM) and basement membranes (BM)
are composed by structural proteins embedded in a meshwork
of a complex carbohydrate called heparan sulfate(HS).
Heparanase (Hpa-1) is an endo-β-glucosidase that cleaves HS
molecules of the BM and ECM. Unrelated studies from many
groups show that Hpa-1 is expressed by normal and tumoral
invading cells and that Hpa-1 gene and protein expression correlates with both the degree of displasia and the metastatic
potential of several human tumors. HS molecules interact with
biologically active molecules as cytokines and angiogenic growth
factors modulating their function. Therefore, in addition to direct
involvement in cellular extravasation Hpa-1 elicits an indirect
angiogenic response by releasing bFGF and VEGF and by potentiating bFGF receptor signalling. Leukemias are characterized by
the egress of immature hematopoietic cells from the bone marrow into the peripheral blood. Furthermore, similarly to metastatic lesions, the growth of the leukemic clone depends on neoangiogenesis, a process that recently became a new target for
anti-neoplastic treatment. Our current knowledge of Hpa-1
expression in onco-hematologic diseases is still limited. Recent
qualitative data from our group show that Hpa-1 is expressed
in both normal and leukemic myeloid cells while no Hpa-1
expression can be detected in normal donor (ND) peripheral
blood (PB) lymphocytes and in mononuclear cells (MNC) from Bchronic lymphoblastic leukemia (B-CLL). In this study, quantitative expression of Hpa-1-mRNA was assessed by real-time quantitative PCR (RT-Q-PCR). We analyzed 60 bone marrow (BM)
and 26 PB MNC samples from: 34 acute myelogenous leukemias
(AMLs) of different FAB subtypes, 9 chronic phase (CP) and 2
blastic phase (BP)-chronic myelogenous leukemias (CMLs), 17
acute lymphoblastic leukemias (ALLs), 6 B-CLLs, together with 5
non malignant BM and 9 normal PB-MNC. In some CML cases,
analysis was performed serially in the same patient before and
following treatment with IFN (n=4) and STI-159 (n=5).Our preliminary data show that average Hpa-1 mRNA expression is
higher in PB than in BM-MNC in both normal and affected subjects, suggesting that Hpa-1 expression may be higher in more
differentiated cells. Despite a wide range of inter-individual variability in all cases (and irrespectively to age and sex), the highest Hpa-1 mRNA average expression levels were detected in NDs
and AMLs. AML-FAB subtype seems not predictive of Hpa-1
expression, however strikingly high Hpa-1 mRNA levels were
detected in a AML-M4 patient with an inv(16) at cytogenetic
analysis. Lower Hpa-1 mRNA expression levels and a reduced
inter-individual variability were observed in CP-CMLs in comparison with both ND and AMLs, while Hpa-1 mRNA expression
levels were dramatically high in the two BP-CML cases. Serial
analysis of the CML patients treated with IFN and STI-159
showed a trend towards a gradual increase of Hpa-1 mRNA levels in cytogenetic-responders and unchanged Hpa-1 mRNA levels in resistant subjects. Finally, very low levels of Hpa-1 mRNA
expression were detected in B-CLLs and ALLs in comparison with
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both ND and myeloid leukemias. Our preliminary data confirm
that Hpa-1 is selectively expressed in the myeloid lineage and is
retained during leukemic transformation to AML. Still, the functional significance of Hpa-1 in oncohematolgic disorders
requires further investigation. In order to evaluate whether Hpa1 expression levels may represent a prognostic marker as well as
a new potential target for treatment, studies are in progress to
assess any correlation between Hpa-1 expression levels and other clinical parameters or known prognostic factors (including
cytogenetic abnormalities). To our knowledge this is the only
study assessing quantitative expression of Hpa-1 mRNA in oncohematolgic diseases.

PO97
COMPLETE IMMUNOPHENOTYPIC AND MORPHOLOGIC CHARACTERIZATION
OF PARAIMMUNOBLASTIC VARIANT OF SMALL LYMPHOCYTIC
LYMPHOMA/LEUKEMIA AND REVIEW OF THE LITERATURE
Saviola A, Luppi M, Morselli M, Potenza L, Bresciani P,
Facchini L, Artusi T, Bonacorsi G, D'apollo N, Longo G,
Torelli G
Department of Oncology and Hematology, University
of Modena and Reggio Emilia, Modena, Italy
The paraimmunoblastic variant is a rare subtype of B-cell
small lymphocytic lymphoma/leukemia (SLL/L), accounting for
approximately 1-2% of cases of B-SLL/L. It is characterized by
the diffuse proliferation of cells normally populating the pseudoproliferating center, the so-called paraimmunoblasts named by
Lennert. These are mitotically active cells and have a distinctive
cytologic appearance, characterized by a high nuclear/cytoplasmic rate, vesicular nuclei and central prominent nucleoli. The
clinical course of the disease is aggressive, refractory to the standard chemotherapy and rapidly fatal. Data from the literature
well define the morphologic appearance, but a complete
immunophenotypic and molecular characterization of this lymphoproliferation is lacking. We report here 5 cases of a B-cell
lymphoproliferative disorder with morphologic and clinical features consistent with the paraimmunoblastic variant of SLL/L
(Table 1).
Table 1.

Pugh 1988
N° of cases of PVSLL/L
CD5 +
CD19 +
FMC7 +
CD23 −
Bcl-1 +
Bcl-2 lymphocytosis
splenomegaly
Lymph node enlargement
Median survival
(mo)

Yang 1994 Grosso 1998 Frater 2001 This report 2002

16
5
n.a.
n.a.
n.a.
n.a.
n.a.
7
5
15

4
4
4
3
n.a.
n.a.
n.a.
n.a.
3
2

4
4
4
n.a.
2
2
3
n.a.
n.a.
3

1
n.a.
n.a.
n.a.
n.a.
1
1
n.a.
n.a.
n.a.

5
5
5
3
3
ongoing
ongoing
4
4
3

28

11

n.a.

n.a.

7

PVSLL/L: Paraimmunoblastic Variant of Small Lymphocytic Lymphoma/Leukemia. n.a.: not available.
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Three cases presented with hepatosplenomegaly, lymph node
enlargement and peripheral lymphocytosis. The immunophenotypic analysis showed that the lymphoid cells expressed the CD5,
CD19 and FMC7 but not the CD23 antigens. The morphologic
appearance and positivity for CD5 and FMC7 help to distinguish
this entity from prolymphocytic evolution of chronic lymphocytic
leukemia and from mantle cell lymphoma, respectively. A molecular study of the immunoglobulin variable domain genes is
ongoing to investigate whether the paraimmunoblastic variant
of SLL/L arises from either pre-germinal center naïve B-cells or
from germinal center exposed . Furthermore, molecular analysis
of bcl2, bcl1, bcl6 and p53 genes is also ongoing to investigate
whether additional genetic lesions may account for the biologic and clinical aggressiveness of this disease.

PO98
MUTATIONAL ANALYSIS OF N-RAS AND K-RAS GENES IN NEWLY
DIAGNOSED MULTIPLE MYELOMA PATIENTS: EVIDENCE FOR
TWO NOVEL ACTIVATING MUTATIONS
Soverini S, Terragna C, Rossi M, Ottaviani E, Amabile M,
Giannini B, Testoni N, Ruggeri D, Zamagni E, Cellini C,
Tosi P, Cavo M, Tura S, Baccarani M, Martinelli G
Institute of Hematology and Medical Oncology “Seràgnoli”,
Bologna, Italy
The RAS family members are among the most commonly
mutated oncogenes in multiple myeloma (MM). Nevertheless,
the incidence and prognostic significance of RAS gene mutations
in MM have to date been reported with some discrepancies. This
issue has now gained new interest since the recent development of novel anticancer drugs (such as the farnesyl transferase
inhibitors) blocking the oncogenic RAS-signaling pathway, which
could be successfully exploited for the therapy of MM. We investigated RAS gene mutations in 85 MM patients at diagnosis,
who were homogeneously treated with conventional chemotherapy - VAD and high-dose cyclophosphamide - followed by one
or two autologous peripheral blood stem cell transplantations
(PBSCT). For this purpose, genomic DNA obtained from bone
marrow samples was analyzed by primer-specific amplification
of N- and K-RAS exons 1 and 2, followed by direct automatic
sequencing. We detected a total of 31 point mutations in 30 out
of 79 (38 %) evaluable patients. Nine mutations were found in
N-RAS: one at codon 12, two at codon 13 and six at codon 61.
Twenty-two mutations were found in K-RAS: eight at codon 12,
five at codon 13, five at codon 16, two at codon 31, two at
codon 61. One patient showed evidence of two distinct K-RAS
mutations (both at codon 13 and at codon 61). To our knowledge, this is the first time that K-RAS mutations at codons 16
(AAG to AAC) and 31 (GAA to CAA) have been reported in MM.
To date, such mutations have been found only in adrenocortical
tumors and have recently been demonstrated as activating. No
significant association was observed between any RAS mutation
and age, gender, bone marrow infiltration, stage of disease,
immunoglobulin isotype, creatinine, C-reactive protein or β-2microglobulin levels. As far as response to treatment was concerned, no major differences emerged between patients with
and without a mutated RAS gene. However, among the patients
who received a double autologous PBSCT, those with a mutated RAS gene appeared to have a shorter event-free survival
(median survival: 25 vs. 33 months; p = 0.3) and overall survival
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(30 vs. 39 months; p = 0.2), but the p values were not statistically significant. It has been suggested that different RAS gene
mutations cause different degrees of activation of the downstream effector pathways. Analysis of a larger series of patients
is required to separately consider the eventual association
between a specific N- or K-RAS mutation (in particular the previously unreported K-RAS mutations at codon 16 and 31) and
clinical outcome.
Funding: This work was supported by MURST (S.Tura 40%; 1999
and M.Cavo 60%; 1999).
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(4) patients had evolution to blastic crisis at +36, +12, +48, +46
months from diagnosis (median time 35.5 months). Ph and Mbcr rearrangement negative chronic myelod leukemia is a disease
diagnosed in elderly patients. Megakaryocytic dysplasia is frequently observed. Karyotypic analysis does not show abnormalities in our patients. Evolution to blastic crisis has been observed
in 28% of the patients in a median time of 35.5 months.
Whether chemotherapy or IFN contributed to prolonging survival
remains debatable. The molecular and biological base of these
entities remain to be explored.
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CHRONIC MYELOID LEUKEMIA PH-NEGATIVE,M BCR REARRANGEMENT
NEGATIVE. THE CHARACTERISTICS OF 14 PATIENTS

SNAPSHOT ASSAY AND FLUORESCENT POLYMERASE CHAIN REACTION FOR
DETECTION OF FLT3 GENE MUTATIONS IN ACUTE MYELOID LEUKEMIA

Falcone A, Bodenizza C, Musto P
Unit of Hematology, IRCCS "Casa Sollievo Della Sofferenza",
San Giovanni Rotondo

Cammarata G, Basiricò R,° Fabbiano F,° Mirto S,° Di Bella R,
Pirrotta R, Cascio L, Pagano M, Santoro A
Laboratory of Hematology and Molecular Cytogenetics;
°Division of Hematology and BMT Unit, Ospedale Cervello,
Palermo, Italy

The hallmark of chronic myelogenous leukemia (CML) is the
Philadelphia (Ph) translocation t(9;22)(q34;q11), which, at the
molecular level, produce a chimeric BCR-ABL gene. A minority
of the patients do not have cytogenetic evidence of the Ph crhomosome.Over the last few years, M-bcr rearrangement has been
documented in a subset of Ph− patients. The existence of a Ph
negative, M-bcr rearrangement negative CML, however, has
been observed. We review the characteristics of 14 patients with
Ph-nega-tive,M-bcr rearrangement negative CML referred to
our Institution since 1990. Criteria for diagnosis were a hypercellular bone marrow with granulocytic hyperplasia, persistent
peripheral granulocitic leukocytosis equal to or more than
20×109 cells/L, absence of the Ph chromosome and no M-bcr
rearrangement. Eight (8) patients were male and six (6) females.
Their median age at diagnosis was 69 years (range 61-86). Nine
(9) patients (64%) had splenomegaly. The median WBC count at
presentation was 49 × 109/L (range 20-199 × 109/L), mature
neutrophils represented 50% to 80% of the total WBC count.
The median hemoglobin levels were 11,6 g/dl (range 9-13.5 g/dl),
median platelet count was 259 × 109/L (range 88-786 × 109/L).
Five (5) (55%) of the 9 patients with available data, had LAP
score within the normal range, 3 (35%) of them had LAP score
below the normal range and 1 (11%) had a score above the normal range. All the patients presented increased levels of tymidine Kinase(TK): median level being 361 µ/L (normal level <5).
Bone marrow was hypercellular (median cellularity: 95%). There
was a marked elevation of the myeloid:erytroid ratios, no
increase in blasts and nine (9) of these patients had megakaryocitic displasia. Cytogenetic studies were performed on all the
patients and none of them had Ph chromosome and/or other
karyotypic abnormalities. The PCR showed no evidence of the b2a2, b3-a2 BCR-ABL junctions. The most common drug administered was hydroxyurea. Among the 12 patients who were given
this compound, 6 achieved a complete hematological response.
The median duration of response was 62 months (range 24-120
months). Two (2) patients were treated with interferon α. One
(1) patient is being receiving the treatment for 2 months and the
other patient had no response. The median follow-up was 44
months (range 3-132 months). Six (6) patients have died. One
patient died because of a solid neoplasia after 8 years from the
diagnosis of atypical CML, another patient developed multiple
myelome after 5 years from the diagnosis of atypical CML. Four

The FLT3 gene encodes a tyrosine kinase receptor that regulates proliferation and differentiation of hematopoietic stem
cells. Recent studies have shown that FLT3 gene is frequently
mutated in acute myeloid leukemia (AML). To date two different types of mutations have been described: an internal tandem
duplication (ITD) in the juxtamembrane domain encoded by exon
11 and a point mutation (D835) in the kinase domain within
the exon 17. ITD and D835 are present in 20% and 7%, respectively, of AML patients. The impact of FLT3 ITD on clinical outcome has been well documented conferring a poor prognostic
significance to this gene alteration. The same significance seems
to be assigned to D835 mutation but this issue needs to be further confirmed. Both the FLT3-ITD and the FLT3-D835 mutations result in a constitutive activation of the receptor. We
screened 42 cases with AML for mutations of the FLT3 coding
region. The analysis of ITD was performed by polymerase chain
reaction (PCR) amplification, with fluorescence based detection
and the products of the PCR were analyzed by a dedicated software (GeneScan, Applied Biosystem) on an ABI PRISM 310
genetic analyzer (Applied Biosystem). The single nucleotide
mutation D835 was revealed by an assay based on single base
extension (SBE) using fluorescently labeled dideoxynucleotides
(ddNTPs) (SnaPshot Kit, Applied Byosystems). Briefly single base
extension was performed by adding a labeled-ddNTP complementary to the single nucleotide polymorphism (SNP) at the
3’end of the primer. The fluorescent DNA fragments were subsequently analyzed in a multicolor fluorescence electrophoresis
system. The distinct fluorescence signals and electrophoretic
mobility of each DNA extension product allowed the SNPs to be
decoded (GeneScan, Applied Biosystem). Mutations in FLT3 coding region were identified in 8 (19%) out of 42 patients. Five cases (12%) showed ITD mutations within exon 11: in particular, the
size of the duplication ranged from 19 to 33 base pairs and 3
(7%) cases exhibited D835 mutation with a G/T substitution.
Mutations of FLT3 gene represent an important factor for prognosis of AML patients and the above described methods offer a
rapid procedure for screening for known mutations.
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MOLECULAR ASSESSMENT OF MINIMAL RESIDUAL DISEASE IN ADULT
ACUTE LYMPHOBLASTIC LEUKEMIA BY PATIENT-SPECIFIC PRIMERS

VARIABLE EXPRESSION OF PURINE METABOLIZING ENZYMES IN CHRONIC
LYMPHOPROLIFERATIVE DISORDERS

Pirrotta R,° Fabbiano F, Basiricò R, Pagano M,° Di Bella R,°
Mirto S,° Scimè R, Cascio L, Cammarata G, Santoro A
Laboratory of Hematology and Molecular Cytogenetics;
°Division of Hematology and BMT Unit, Ospedale Cervello,
Palermo, Italy

Loni L, Danesi R, Savarino G, Fioravanti A, Del Tacca M
Division of Pharmacology and Chemotherapy, Department of
Oncology, Transplants and Advanced Technologies in Medicine,
University of Pisa, Italy

Clone-specific junctional regions of immunoglobulin (Ig) and
T cell receptor (TCR) gene rearrangements are increasingly used
for detection of minimal residual disease (MRD) in lymphoid
malignancies. Molecular investigation of MRD in childhood
acute lymphoblastic leukemia (ALL) has proven superior to the
other standard criteria (age, sex and WBC) in discrimination
between patients’ risk categories. To date clinical implication of
MRD in adult ALL patients has been less investigated. With
regard to the value of MRD tests, the ability to predict outcome
is most important and might result in identifying proper therapies for individual patients. In the present study we have included thirty-five adult patients (median age 31) with ALL (27 B-ALL
and 8 T-ALL) recruited at our institution in the last 4 years. There
were 24 (69%) with high risk and 11 (32%) with low or intermediate risk. At diagnosis molecular studies were performed to
identify Ig and TCR junctional regions. All patients were assessed
for the presence of unique clonal rearrangements and 33 pts
(94%) were found to have a discrete product. Clinical remission
was obtained in 25 patients (71%). Molecular MRD investigation was valuable in 22 pts both in peripheral blood and in bone
marrow samples during their follow-up. The molecular
rearrangement of the IgH genes was studied by PCR using
primers specific for variable heavy chain gene families (VH) with
a consensus primer for the joining region (JH); the TCR gene
rearrangements were detected using consensus primers for γ
and β genes. Ig and TCR gene amplified products were sequenced
on an ABI PRISM 310 Genetic Analyzer (Applied Biosystems)
using the Dye Terminator Ready Reaction Cycle Sequencing Kit.
Patient-specific oligonucleotides (ASO) were designed spanning
the junctional region and used as PCR primers for MRD evaluation. The detection limit of this method was around one leukemia
cell per 104 normal cells. Among patients who obtained complete
clinical remission (CCR) 13 received chemotherapy only and 12
patients received allogeneic (n = 11) or autologous (n =1) bone
marrow transplantation (BMT). Eight (80%) out of 10 valuable
pts of the chemotherapy group showed a persistent PCR positivity: 3 of them progressed to relapse, 1 is in clinical remission
at 18 months after diagnosis and the remaining 4 pts are in CCR
with a median follow up shorter than 1 year; the 2 MRD negative patients are in CCR at 27 and 20 months from diagnosis.
Among the 12 pts of the transplantation group 7 (63%) patients
obtained molecular remission after transplant but a conversion
from MRD-ve to MRD+ve was observed in 4 pts, 3 of them
relapsed. In the remaining five patients a MRD+ve condition
persisted and they subsequently relapsed. Among 4 pts who
remained in CCR post transplant, 3 (75%) were MRD-ve and 1
(25%) was MRD+ve. The present study involved only a few
patients but our data seem to support the issue that conventional chemotherapy alone has less chance of obtaining molecular remission than transplant regimens; moreover MRD positivity identifies a subgroup of pts with a high risk of relapse.
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Background. Purine analogs, including fludarabine and 2chloro-deoxyadenosine, are effective drugs in the treatment of
chronic lymphoproliferative disorders (Johnson S.A., Hematol
Oncol 2000; 18:141). Cellular uptake of chemotherapeutic agents
is allowed by extracellular dephosphorylation with ecto-5’nucleotidase followed upon their activation to cytotoxic
metabolites by deoxycytidine kinase (dCK), while drug inactivation occurs by dephosphorylation through endo-5’-nucleotidase
(endo-5’-NT). Likewise, endo-5’-NT allows dephosphorylation of
adenosine monophosphate to adenosine that is deaminated to
inosine by adenosine deaminase (ADA) (Resta R. et al. Immunol
Rev, 1998; 161:95). Pentostatin, an ADA inhibitor, is successfully employed in hairy cell leukemia, but may be useful in nonHodgkin’s lymphomas (NHL) (Cabanillas F, Oncology 2000; 14:
13). The presence of enzymes of nucleoside metabolism in malignant cells is a critical determinant of their sensitivity to
chemotherapeutic agents (Dumontet C et al., Br J Haematol 1999;
106: 78). Aim. Since the enzymes of purine metabolism are critical determinants of chemosensitivity of malignant cells, this
study was performed to assess the pattern of expression of dCK,
endo-5’-NT and ADA enzymes in lymphoid cells from patients
with lymphoproliferative disorders. Methods. Thirty-one blood
samples were obtained from 19 males and 12 females (mean
age: 65 years; range: 42-81 years). Seventeen patients were
affected by B-chronic lymphocytic leukemia, 11 patients by lowgrade NHLs, 2 subjects by Waldeström’s macroglobulinemia and
one patient had high-grade NHL. Gene expression was analyzed
on RNA extracted from mononucleated cells of peripheral blood,
reverse-transcribed into cDNA and amplified by PCR, using specific primers for dCK, endo-5’-NT and ADA. The efficiency was
estimated by using specific sets of primers for β-actin, a protein
known to be constitutively expressed in a large variety of cells.
Ethidium bromide staining and UV trans-illumination were used
to visualize PCR products. The semi-quantitative analysis of the
amplification products of dCK (436 bp), endo-5’-NT (359 bp)
and ADA (299 bp) was performed by image analysis and the
ratios of endo-5’-NT/dCK and ADA/β-actin were calculated. The
data were expressed as mean ± standard deviation. Results.
Patients displayed a distinctive pattern of gene expression; in
those subjects with endo-5’-NT/dCK the ratio <1, the ratio
ADA/β-actin was <1 (n=16), while in patients with endo-5’NT/dCK ratio >1, also ADA/β-actin ratio was >1 (n=15). In the
former group, endo-5’-NT/dCK ratio was 0.66 ± 0.29 and ADA/βactin ratio was 0.59 ± 0.28; in contrast, in the latter group,
endo-5’-NT/dCK ratio was 1.92 ± 0.57 and ADA/β-actin ratio
was 1.43 ± 0.37. Conclusion. These results provide evidence that
a lower expression of endo-5’-NT enzyme, as compared to dCK,
is also associated with low transcription of ADA. Contrariwise,
a higher expression of endo-5’-NT, appears to be associated with
ADA overexpression. These enzymatic patterns might be correlated with different drug effectiveness in chronic lymphoproliferative diseases, since the target of pentostatin is ADA enzyme
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and fludarabine must be activated by dCK or may be inactivated by endo-5’-NT enzyme. Finally, these results provide evidence
of the feasibility of routine pharmacogenetic analysis, which
may be potentially useful in selecting patients with chronic lymphoproliferative disorders, who are likely to respond to nucleoside analogues.

PO103
t(7;11)(P15;P15) TRANSLOCATION IN ACUTE MYELOID LEUKEMIA:
VALIDATION OF HOXA9 AND NUP98 PROBES FOR INTERPHASE
FLUORESCENT IN SITU HYBRIDIZATION DIAGNOSIS
Nozzoli C, La Starza R,* Ciolli S, Crescenzi B,* Leoni F,
Gorello P,* Bosi A, Rossi Ferrini P, Mecucci C
Chair and Division of Hematology, Florence; *Hematology and
Bone Marrow Transplantation Unit, University of Perugia
The t(7;11)(p15;p15) translocation is an uncommon change
observed in de novo AML, in Ph-negative and -positive chronic
myelogenous leukemia, and in myelodysplastic syndromes with
unfavorable prognosis. To date, 30 cases have been reported,
mainly in patients from oriental countries. As a result of translocation, the NUP98 gene at 11p15 rearranges with the HOXA9
gene at 7p15. We report on a 44-year-old Chinese man referred
to the Division of Hematology in Florence for anemia (Hb 8.1
g/dl), thrombocytopenia (PLTS 41×109/L), and leukocytosis (WBC
41.2 × 109/L with 80% of blasts). Bone marrow aspirate showed
infiltration by blast cells of type II with Auer rods. Myeloperoxidase stain and CD13, CD33,CD15, CD11b antigens were positive.
HLA-DR and CD34 were negative. A diagnosis of AML-M2 was
made and the patient underwent induction therapy with fludarabine, cytosine-arabinoside and idarubicin (FLA-IDA). Complete remission was obtained. He relapsed 16 months from diagnosis and died of progressive disease 10 months later. At diagnosis, cytogenetic analysis on bone marrow cells showed the
t(7;11)(p15;p15) as the sole aberration in all 15 metaphases.
Double color FISH was performed with PAC1173K1 for NUP98
(Rosati R et al, Blood 2002), labeled with biotin (green signal),
and a mixture of PAC18H19 and PAC113H19 for HOXA9 (Kim M.
et al., Som Cell Mol Gen 1998), labeled with digoxigenin (red signal). Eight metaphases and 200 interphase nuclei were analysed
using a fluorescence microscope (Provis, Olympus) equipped with
a cooled CCD camera Sensys (Photometrics, Tucson, AZ, USA) run
by PathVysion software (Vysis, Stuttgart, Germany). As expected, metaphases carrying the t(7;11)(p15;p15)-NUP98/HOXA9
rearrangement showed a green signal on normal 11, a red signal on normal 7, and fusion signals on both der(7) and der(11).
In 100% of interphase nuclei the translocation was revealed by
presence of one green signal, one red signal, and two fusion signals. In this study, probes encompassing both breakpoints of the
t(7;11) have been validated for FISH investigations. These new
tools are helpful in improvingt diagnosis and monitoring
NUP98/HOXA9 rearrangement in myeloid malignancies.
Funding: CM was partially supported by AIRC (Associazione
Italiana per la Ricerca sul Cancro) and AIL (Associazione Italiana
per la lotta contro le Leucemie e Linfomi).
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EFFECTS OF GLIVEC (FORMERLY STI571) ALONE AND IN COMBINATION
WITH α-INTERFERON AND ARABINOSYL CYTOSINE ON THE AMOUNT OF
BCR/ABL TRANSCRIPT IN CHRONIC MYELOID LEUKEMIA CELLS
Ottaviani E,* Giannini B,* Amabile M,* Martinelli G,*
Bonifazi F,* Grafone T,* Trabacchi E,* Bassi S,* Rosti G,*
Terragna C,* Buonamici S,* Soverini S,* De Vivo A,* Alberti D,°
Tura S,* Baccarani M*
*Institute of Hematology and Medical Oncology “L.& A.
Seràgnoli”, Bologna University Hospital, Bologna, Italy;
°Novartis Pharma, Origgio, Italy
Glivec, a potent and selective abl TK inhibitor, exerts specific
antileukemic activity against BCR/ABL positive cells in vitro, and
is currently tested in clinical trials in chronic myelogenous
leukemia (CML). Using quantitative real-time RT-PCR (RQ-PCR),
we investigated the in vitro effects of Glivec, interferon-α (αIFN) and arabinosyl cytosine (Ara-C), either alone or in combination, on the amount of BCR/ABL fusion transcripts in leukemic
cells from 35 CML patients [10 in early chronic phase (CP) previously untreated, 15 in late CP pre-treated with a α-IFN, 10 in
accelerated blastic/phase (BP)]. In all samples, β2-microglobulin (β2-M) transcripts were measured as an internal control.
Quantification was expressed as the ratio of BCR/ABL fusion
transcript copy number against (β2-M transcript copy per 104.
After 48 hours exposure, in samples taken from patients in early CP, α-IFN reduce the median level of bcr/abl transcripts with
respect to controls (no drug) in dose-dependent manner. Glivec
and Ara-C also reduced the level of bcr/abl transcripts but less
than α-IFN. In the samples from patients in late CP, α-IFN
reduced the level of bcr/abl transcripts with respect to controls,
while no differences were observed upon exposure to Glivec or
Ara-C. In BP samples α-IFN reduced the level of bcr/abl transcripts. The combination of Glivec and Ara-C was always more
effective than either drug alone in any phase of the disease. The
combination of Glivec and α-IFN (1000 U/mL) was more effective than either drug alone in late CP and in BP, but not in early CP. These data suggest that these combinations should be
tested in clinical trials.

PO105
NOVEL TYPES OF BCR-ABL TRANSCRIPT WITH BREAKPOINTS IN BCR
EXON 8 FOUND IN PHILADELPHIA POSITIVE PATIENTS WITH TYPICAL
CHRONIC MYELOID LEUKEMIA RETAIN THE SEQUENCE ENCODING
FOR THE DBL- AND CDC24 –HOMOLOGY DOMAINS BUT NOT THE
PLECKSTRIN HOMOLOGY ONE
Martinelli G, Amabile M, Giannini B, Terragna C, Ottaviani E,
Soverini S, Saglio G,* Rosti G, Baccarani M
Institute of Hematology and Medical Oncology “ L.e A. Seràgnoli”, University of Bologna, Italy; *Institute of Internal
Medicine, University of Turin, Italy
We previously described a novel type of the chimeric bcr-abl
mRNA transcript in a patient with a Philadelphia chromosome
positive chronic myeloid leukemia: sequence analysis of the
fusion region showed a join between part of exon e8 of the bcr
gene and an intronic sequence of abl intron 1b spliced on exon
a2 of the abl gene, giving rise to an in-frame e8-int-a2 bcr-abl
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transcript, translated into a 197.5 kDa BCR-ABL protein of 1804
amino acid residues, which we named P200 BCR-ABL. A similar
bcr-abl transcript was described also by others. In this work,
employing protein comparison analysis (pFAM) we show that
these novel bcr-abl transcripts retain the DBL homology (DH)
domain and the recently recognized CDC24 homology domain,
but not the pleckstrin homology (PH) domain of the bcr gene.
This observation, along with the myeloid immunophenotype of
the tumor and, at least in one case, the patient’s correspondingly
good response to α-IFN therapy, suggests that P200 BCR-ABL
is more similar to P210 BCR-ABL, where the DH, CDC24 and PH
domains are all maintained, than to P185, where these domains
are all lost.
Funding: This study was supported by the Associazione Italiana per la Ricerca sul Cancro (A.I.R.C.), by MURST 40% (Sante
Tura and Michele Baccarani), by “30 Ore per la Vita” A.I.L. grants
and Alternative Hair Show grants, by CML Cofin 1999 (M. Fiacchini, and G. Saglio), Cofin 2000 (S. Tura) and Cofin 2001 (M. Baccarani) funds.

PO106
EXPRESSION AND LOCALIZATION OF AQP9 IN HUMAN LEUKOCYTES
Frigeri A,* Specchia G,° Colella A,* Pannunzio A,° Mestice A,°
Nico B,# Nicchia GP,* Liso V,° Svelto M*
*Dept. of General and Environmental Physiology,
°Dept. of Hematology, #Dept. of Anatomy, University of Bari
Aquaporins are a group of widely expressed water channels,
which allow rapid water transport across cell membranes. Previous works reported the expression of a water channel, aquaporin-9 (AQP9), in human white blood cells. This water channel
is different from the other aquaporins since it is also permeable
to small non-ionic molecules, such as polyols, purines, pyrimidines, carbamides and urea. In order to determine the expression pattern, the cellular localization and the physiological role
of AQP9, we performed preliminary immunolocalization and RTPCR experiments on leukocytes from both normal subjects and
leukemic patients. For the immunolocalization experiments, a
rabbit polyclonal antibody was made against a synthetic peptide
designed from the amino-terminus of h-AQP9. Immunofluorescence experiments demonstrated the expression of AQP9 in neutrophils. These data were confirmed by double staining made
with monoclonal markers targeting specific leukocyte antigens
(CD3, CD19, CD15, CD14). Confocal microscopy images revealed
that AQP9 was mainly localized in the intracellular vesicles,
probably in the granule membranes. Immunogold experiments
confirmed diffuse labeling of neutrophil intracellular granules.
Semiquantitative RT-PCR experiments revealed the expression of
AQP9 mRNA in populations of normal leukocytes enriched in
both polymorphonuclear and mononuclear cells, but expression
was 10-fold more abundant in the former than in the latter.
Furthermore, RT-PCR experiments performed on 53 samples
(peripheral blood and/or bone marrow) from adult patients with
acute and chronic leukemias, indicated that expression of AQP9
mRNA was maintained, although at heterogeneous levels. Particularly, CML cells expressed high levels of AQP9. In conclusion,
our experiments demonstrate the specific expression of AQP9 in
neutrophils. The intracellular expression of AQP9, most likely
confined to the granule membrane, suggests that AQP9 could be
involved in the volume changes occurring during the fusion of
lysosomes to phagosomes. Furthermore, as leukocytes are
involved in inflammatory processes, AQP9 could play a role in
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swelling secretory vesicles during the exocytosis of granules or
in other mechanisms that require rapid volume changes. Further
evaluation is required to ascertain the functional role of AQP9
in leukemic cells.

PO107
ROLE OF TECHNETIUM-99M-SESTAMIBI FOR DETECTION AND FOLLOW-UP
OF SOFT TISSUE PLASMOCYTOMAS
Frigeri F,* Nasuti A,* Ciarmiello A,° Arienzo S,° Lastoria S,°
Pinto A*
*Hematology-Oncology Unit and °*Nuclear Medicine Unit,
Istituto Nazionale dei Tumori , Fondazione “G. Pascale”,
Napoli, Italy
Technetium-99m-sestamibi (MIBI) scanning has been proposed as a useful procedure for diagnosis and follow-up of multiple myeloma (MM) patients. Previous reports evidenced a direct
correlation between MIBI uptake and active bone marrow plasma cell number. MIBI is preferentially accumulated into vital
malignant cells because such cells have a higher metabolic rate
than normal cells. The radionuclide incorporation in neoplastic
plasma cells is also related to other signs of disease activity
including elevated serum levels of LDH, β2-microglobulin and Creactive protein. In MM patients three different MIBI patterns
have been identified related to the degree of bone marrow
involvement: physiological, focal and diffuse. In contrast, little
is known about the value of MIBI scanning for detection and follow-up of soft tissue plasmocytomas. We report here on two
relapsed MM patients with high serum monoclonal gammopathy, multiple bone lesions and large soft tissue masses which
were clearly identified by MIBI scanning. In the first patient an
elevated MIBI uptake was detected in the chest wall in an area
corresponding to a very large soft tissue mass. Similarly significant MIBI uptake was detected in a left orbit large tumor mass.
In both cases soft tissue infiltration by tumor plasma cells was
cytologically confirmed by fine needle biopsy. Both patients
underwent salvage therapy with thalidomide and dexamethasone which resulted in a very good clinical response including
the almost complete disappearance of serum monoclonal component. Concurrently, the thalidomide/dexamethasone combination induced complete clearance of the soft tissue masses in
both patients. Such complete tissue response was associated
with a negative MIBI scanning and confirmed by CT and MNR
imaging. While MIBI scanning has already been demonstrated to
be able to detect bony disease activity even in the absence of lytic areas evidenced by conventional X ray, our data demonstrate
the value of such an imaging procedure for diagnosis and monitoring of soft tissue disease in MM patients. In addition, we
were able to demonstrate a direct correlation between MIBI
uptake and clinical response to thalidomide/dexamethasone salvage therapy at both bone marrow and soft tissue sites. These
results suggest an important role for MIBI scanning in diagnosis and follow-up of MM patients including those with soft tissue tumor masses. Further studies are warrented to evaluate the
sensitivity and specificity of this techniques as compared to more
expensive technique such as PET-FDG.
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Cytokines, Growth Factors and their Receptors
PO108
SERUM LEVELS OF PROINFLAMMATORY CYTOKINES IN 9 PATIENTS WITH
MALIGNANT LYMPHOMAS
Mantovani G, Macciò A, Madeddu C, Mura L, Massa E,
Astara G, Lusso MR, Gramignano G, Murgia V, Ferreli L,
Camboni P
Department of Medical Oncology, University of Cagliari, Italy
Introduction: We studied the serum levels of proinflammatory cytokines in 9 patients with lymphomas: these cytokines may
play a role in disease progression. Increased serum levels of IL6, TNF α, IL-1 α and IL-1 β may contribute to the immune dysfunction observed in patients with lymphoma and enables tumor
cells to escape immune surveillance by preventing anti-tumor
Th1 immune response and may be related to cancer progression. Methods: The levels of IL-6, TNFα and IL-1β were determined in the serum of 9 patients (mean age: 55.7 years; range:
44-71) with hematologic malignancies: 8 non-Hodgkin’s lymphoma (NHL) and 1 Hodgkin’s lymphoma (HL). Ten age-sex
matched normal subjects were used as controls. Patients were
divided in two groups: 5 with active disease (AD) and 4 in clinical complete remission (CR). Results: Serum levels of TNFα, IL6 and IL-1β were significantly higher in patients than in controls.
The serum levels of proinflammatory cytokines were higher (significantly for TNFα and IL-1β) in patients with AD as compared
to patients in CR. All patients had PR after chemotherapy. Three
out of the 5 patients with AD were evaluated before and after
therapy: serum levels of IL-6 and IL-1β showed a significant
decrease after therapy. Conclusions: These results show that
patients with malignant lymphomas had high serum levels of
proinflammatory cytokines (TNFα, IL-6 and IL-1β) and that they
correlated with disease activity.
Funding: work supported by MIUR, Rome, Italy. Grant N.
9906041835.

PO109
CHARACTERIZATION OF SIGNALS LINKING THE MACROPHAGE
COLONY-STIMULATING FACTOR RECEPTOR TO THE FOCAL
ADHESION KINASE
Rovida E, Lugli B, Dello Sbarba P
Dipartimento di Patologia e Oncologia Sperimentali, Università
di Firenze
The survival, proliferation and differentiation of mononuclear
phagocytes are primarily regulated by macrophage colony-stimulating factor (MCSF). MCSF also regulates macrophage morphology and induces chemotaxis. The effects of MCSF are mediated through its specific binding to a transmembrane protein
tyrosine kinase receptor (MCSFR). p125FAK is a unique protein
tyrosine kinase which is phosphorylated and activated following
the engagement of integrins with the extracellular matrix. This
study was undertaken to characterize the mechanisms responsible for p125FAK phosphorylation following MCSF treatment.
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We found that in the murine macrophage cell line BAC1.2F5 the
tyrosine phosphorylation of p125FAK induced by MCSF treatment is rapid (peak after 3-5 minutes) and transient (back to
basal level after 30 minutes). By means of antibodies reacting
specifically against single p125FAK phospho-tyrosine residues,
we found that all the known p125FAK tyrosine residues are
phosphorylated following MCSF treatment. In particular, the
phosphorylation of Y397 and Y577, which are related to
p125FAK activity, is prolonged for at least 30 min, while tyrosine phosphorylation of other residues involved in signaling dowstream p125FAK is more transient. Furthermore, MCSF determined p125FAK redistribution from the cytosol to the membrane and cytoskeleton fractions. Since MCSFR also redistributes
to the latter fraction under the same conditions, we looked for
an interaction between the two proteins, and we found that
they co-immunoprecipitate. We also found that Src is involved
in the MCSF-induced p125FAK phosphorylation. Indeed, the activated form of Src is also redistributed to the cytoskeleton following MCSF, and pretreatment with PP2, a specific Src inhibitor,
abrogates MCSF-induced p125FAK phosphorylation. p125FAK
phosphorylation does not occur in the presence of cytocalasinD, which interferes with cytoskeleton organization. Finally, we
found that the MAPK ERK is also involved in p125FAK phosphorylation, which was partially abrogated by the pretreatment with
PD98059, a specific ERK inhibitor. Our results suggest the following scenario: MCSF-induced redistribution of p125FAK to
the cytoskeleton induces p125FAK autophosphorylation in Y397,
the first step of p125FAK activation. Src, which is also redistributed to the cytoskeleton following MCSF treatment, phosphorylates p125FAK further, which is therefore fully activated.
p125FAK is then able to trigger the known downstream pathways involved in the control of cell morphology and motility.
These results contribute to the understanding of the mechanism
of p125FAK phosphorylation elicited by tyrosine kinase receptors
in general (and MCSFR in particular), which is less characterized
with respect to that elicited by integrin clustering.

PO110
EXPRESSION OF PRO-ANGIOGENETIC FACTORS BY MYELOMA CELLS:
ROLE OF THE ANGIOPOIETIN SYSTEM
Colla S,* Sala R,# Lazzaretti M,§ Sammarelli G,* La Monica S,*
Bonomini S,* Hojden M,* Caramatti C,* Mangoni L,*°
Craviotto L,* Rizzoli V,* Giuliani N*
*Cattedra di Ematologia, #Patologia Generale,
°Anatomia Patologica, Università di Parma
It was demonstrated that myeloma cells can stimulate angiogenesis mainly through the production of VEGF. However, not all
pro-angiogenetic properties of myeloma cells are known. In this
study we used Rt-PCR to test first mRNA expression of several
angiogenetic factors in human myeloma cell lines (HMCL), in
fresh purified MM cells and in BM stromal cells (BMSC) obtained
from MM patients. Results are summarized in the Table below.
Immunohistochemistry confirmed that HMCL and fresh MM cells
express angiopoietin-1 (ANG-1) but not its antagonist ANG-2.
ELISA assay confirmed that HMCL produced VEGF but not βFGF. Next, we performed a co-cultures system with HMCL and
a human BM microcircular endothelial cell line. In this system
HMCL up-regulated the angiopoietin (ANG-1, ANG-2) receptor
TIE2 at both mRNA and protein level in endothelial cells. Final-
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ly we found that conditioned medium of HMCL alone or after coculture with BMSC significantly increased vessel formation compared to control (154±34% and 125±22%, respectively;
p<0.001) and to VEGF treatment (50±10%, and 42±8% respectively; p<0.05). MM-induced angiogenesis was inhibited in the
presence anti TIE-2 mAb. In conclusion, our results indicate that
myeloma cells and BMSC by MM patients produced several proangiogenetic factors and other molecules besides VEGF could
be involved in MM-induced angiogenesis, in particular the
angiopoietin system.
RPMI-8226 OPM-2
VEGF
b-FGF
HGF
TGF-b
PDGF
IL-8
ANG-1
ANG-2

+
+
+
+
+
+
-

+
nd
+
-

U266
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MM
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+
+
+
+
+
-

+
+
+
+
nd
nd
+
-

+
+
+
+
-

+
-/+
+
+
+
-/+
-

+
+
+
+
+
+
-

highest levels of sCD105 were detected in CML (4.81 ± 2.61
OD/mm2), an hematological disease characterized by high cellular proliferation rate. In ET patients, the mean levels of sCD105 did
not significantly differ from those of healthy subjects. However,
levels of sCD105 were significant (p<0.05) higher in ET patients
without thrombotic episodes (4.07 ± 1.79 OD/mm2) compared
with ET patients with thrombotic complications (1,42 ± 0,4
OD/mm2). Interestingly, levels of sCD105 inversely correlated with
levels of sTGF-β 1 (r= 0.94) in ET patients with thrombotic complications, while they directly correlated with sTGF-β 1 (r=0.74)
in ET patients without history of thrombotic events. Concerning
sTGF-β1, mean levels were higher (p<0.05) (60,700±19,200
pg/ml) in CMD patients compared with those detected in control
subjects. These results, althought preliminary, indicate a potential correlation between levels of circulating sCD105 and cellular
proliferation-commitment of malignancies of myelopoietic lineage. In addition, they suggest that alterations in the balance
between levels of circulating sCD105 and those of its ligand sTGFβ 1 might play a role in myeloid malignancies progression and/or
in their clinical complications.
References
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1

DIFFERENTIAL LEVELS OF CIRCULATING ENDOGLIN (CD105) IN MYELOID
MALIGNANCIES
Calabrò L,* Fonsatti E,* Bellomo G,° Alonci A,° Colizzi F,*
Altomonte M,* Maio M,* Musolino C°
*Cancer Bioimmunotherapy Unit, Department of Medical
Oncology, IRCCS, Aviano 33081, Italy; °Division of Hematology,
University of Messina, Messina 98100, Italy
Endoglin (CD105) is a transmembrane glycoprotein that
belongs to the TGF-β receptor complex and binds TGF-β 1 with
high affinity. CD105 has been described as a proliferation-associated antigen of leukemia and endothelial cells, and as a powerful marker of angiogenesis.1-2 Recently, high levels of a circulating form of CD105 (sCD105) were detected in sera of patients
with solid malignancies of different histotypes. In light of emerging evidence demonstrating that hematologic malignancies may
be dependent on angiogenesis,3,4 and in view of the known growth
inhibitory role of TGF-β 1 in leukemias, this study was designed
to gather preliminary information about the potential clinical and
biological relevance of circulating levels of sCD105 and of soluble TGF-β 1 (sTGF-β1) in patients with myeloid malignancies. To
this end, levels of serum sCD105 and of plasma sTGF-β 1 were
quantitated in 10 patients affected by acute myeloid leukemia
(AML), and in 28 patients with chronic myeloproliferative disorders (CMD) (9 chronic myeloid leukemia (CML), 16 essential
thrombocythemia (ET), 2 polycythemia vera and 1 myelofibrosis),
utilizing dot blot or enzyme-linked immunosorbent assays, respectively. Mean levels of sCD105 detected in AML patients (4.34 ±
2.62 OD/mm2) were significantly higher (p<0.05) than those
detected in 14 age-matched control subjects (2.38 ± 1.18
OD/mm2); furthermore, the highest levels of sCD105 were found
in the most undifferentiated cellular subtypes according to the
FAB classification. In contrast, mean levels of plasma sTGF-β 1
were lower in AML patients (32017 ± 1900 pg/mL) compared
with those detected in healthy subjects (47173 ± 5443 pg/mL).
In patients with CMD, overall levels of circulating sCD105 were
found to be significantly (p<0.05) higher (3.71 ± 2.09 OD/mm2)
than those detected in healthy subjects. Among CMD patients, the
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PO112
DEVELOPMENT OF AN INTERLEUKIN-6 ANTAGONIST PEPTIDE THAT
INDUCES APOPTOSIS IN INTERLEUKIN-6 DEPENDENT 7TD1 CELLS
Manfredini R, Tenedini E, Siena M, Tagliafico E, Menziani C,*
Ferrari S
Dipartimento di Scienze Biomediche, Sez. di Chimica Biologica,
*Dipartimento di Chimica, Università di Modena e Reggio Emilia
Interleukin-6 (IL-6) is a pleiotropic cytokine involved in the
regulation of many physiological processes, such as proliferation
of hematopoietic progenitor cells and differentiation of many cell
types. In fact IL-6 has important regulatory functions in the
immune system as mediator of acute phase and early inflammatory response.1 The biological effects of IL-6 are mediated by the
interaction with a transmembrane receptor composed by an 80
Kd subunit (IL6-R α) and a 130 Kd subunit (gp130) which transduces the signal through the activation of the tyrosine kinases of
the Jak/Tyr family.2,3 The first event is the formation of a low affinity complex between IL-6 and the IL-6R. The complex is recognized by gp130 that binds to IL-6 forming a high affinity complex.
In order to transduce the signal, the formation of an hexameric
complex between two trimeric complexes IL-6/IL-6R /gp130 is
required.4 Since IL-6 is an powerful growth factor for myelomatous cells,5 the idea of interfering with its pathway in an attempt
to establish a new therapeutic strategy is good; in fact, the in vivo
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use of monoclonal antibodies against IL-6 failed as consequence
of an immune response induction in the patient.6 As an alternative we propose studying new strategies that allow to inhibit the
proliferative signal of IL-6 by designing peptides that prevent the
bond of the cytokine to its receptor without stimulating the
immune system. In the absence of crystallographic data for the
functional mammalian complex, we utilized the three-dimensional model of the murine IL-6 multimeric complex as a working hypothesis for the antagonistic design. The model was
obtained by means of the computational procedure previously
described for the human complex.7 The selected peptides (Table
1) were synthesized and tested for biological activity on 7TD1
cells, an IL-6 dependent murine cell line, which undergoes growth
arrest and apoptosis after IL-6 withdrawal. Biological assays have
demonstrated that all the synthesized peptides reported in Table
1, except for Guess 4a, are unable to inhibit the IL-6 biological
activity. Conversely, the Guess 4a peptide, designed on Site I of
interaction IL-6:IL-6R (Loop F2G2 IL-6R) is effective in inducing
growth arrest and apoptosis in 7TD1 cells, as demonstrated by
morphological analysis and flow cytometric analysis after propidium iodide staining (Figure 1). The scrambled peptide treatment
does not interfere with either proliferative activity or viability of
7TD1 cells. Three different mutated peptides, carrying a single
amino acid subsitution as compared with Guess-4A, have shown
no activity in induction growth arrest or apoptosis in 7TD1 cells:
these data confirm the Guess-4A specificity in inhibiting the IL6 signal. The hypothesis of a future possible application of Guess4A peptide in the adjuvant therapy of some autoimmune or neoplastic diseases will be assessed by shifting the experiments to the
in vivo system.
Table 1. IL-6 antagonist peptides.

Peptide

Sequence

Region

Guess 3b

182

Guess 4a

180

Guess 2c

131

Guess 5a

180

Guess 4b
Guess 4a SC

136

Loop F2G2 IL-6R
(Site I of interaction IL-6:IL-6R)
Loop F2G2 IL-6R
(Site I of interaction IL-6:IL-6R)
Loop B2C2 IL-6R
(Site I of interaction IL-6:IL-6R)
Loop F2G2 IL-6R
(Site I of interaction IL-6:IL-6R)
β sheet C2 IL-6R

KEELDLGQ189
RGKEELD186
WDPSYYL137
RGKEELDLGQ189

YLLQFQLRYR145
EDLGREK

Figure 1. Morphological and flow cytometric analyses after Propidium
Iodide staining.
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PO113
ANTIANGIOGENIC ACTIVITY OF THALIDOMIDE IN MYELOFIBROSIS WITH
MYELOID METAPLASIA AND MYELODYSPLASTIC SYNDROMES.
ANALYSIS OF MICROVESSEL DENSITY AND ANGIOGENESIS SURROGATE
MARKERS
Piccaluga PP, Visani G, Pileri SA, Martinelli G, Finelli C,
Ascani S, Grafone T, Isidori A, Malagola M, El-cheikh J,
Rondoni M, Baccarani M, Tura S
Istituto di Ematologia e Oncologia Medica "Seràgnoli",
Università degli Studi di Bologna, Italia
Thalidomide, an immunomodulatory agent, has shown antiangiogenic properties both in in vitro and in vivo models, inhibiting basic fibroblast growth factor (bFGF) and vascular endothelial growth factor (VEGF) pathways. Moreover, it has shown clinical efficacy in multiple myeloma and some data suggest a clinical relevance also in myelofibrosis with myeloid metaplasia
(MMM) and myelodysplastic syndromes (MDS). Thus, we studied microvessel density (MVD) and VEGF/bFGF plasma levels in
14 patients (12 MMM and 2 MDS) treated with thalidomide.
Myelofibrosis with myeloid metaplasia: 12 cases were analyzed.
Two separate methods were used in order to estimate the MVD,
the microvessel grading (MVG) and the visual count. In both
cases, MVD before therapy resulted increased if compared to 20
normal controls (MVG 2-4: 12 vs 0; MVG 1: 0 vs 20; mean MVD:
47 vs 4.2 microvessels/field 400×). Interestingly, MVD was significantly higher in responders than in non-responders (mean
MVD: 68 vs 36 microvessels/field 400×). MVD clearly decreased
after therapy in all the 3 evaluated cases (33 vs 16, 61 vs 43 and
71 vs 23 microvessels/field 400×). VEGF and bFGF plasma levels
were higher than in controls in all cases. VEGF was evaluated in
7 cases; in 3/7 it was decreased and all these patients showed
a clinical response. bFGF, evaluated in 8 cases, decreased in 4;
3/4 also presented a clinical response. Myelodysplastic syndromes: in the 2 cases, bFGF was higher than in controls; both
presented a significant reduction of the cytokine after therapy,
this reduction being concomitant with a clinical benefit. We
conclude that MMM and MDS present increased angiogenesis
and thalidomide probably has antiangiogenic activities, in vivo,
in these settings. We think that these properties might, at least
in part, explain the complex anti-tumor activity of this drug.
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PO114
CONSTITUTIVE AND STIMULATED PRODUCTION OF VEGF BY HUMAN
MEGAKARYOBLASTIC CELL LINES. EFFECT ON PROLIFERATION AND
SIGNALING PATHWAY
Bonsi l,* Pierdomenico L,* Biscardi M,# Marchionni C,*
Gavazzi S,# Ghinassi B,* Fossati V,* Rondelli D,• Franchina M,+
Grossi A,# Bagnara GP*
*Institute of Histology, University of Bologna, Italy; #Division of
Hematology, University of Florence, Italy; •Institute of
Hematology and Medical Oncology “ L &A Seragnoli”,
University of Bologna, Italy; +Department of Obstetrics
and Gynaecology, University of Bologna, Italy
Release of vascular endothelial growth factor (VEGF) and other candidate angiogenic factors such as basic fibroblast growth
factor (bFGF) and transforming growth factor β (TGF-ß) by ancillary stromal cells, megakaryocytes and platelets, may play a role
in sustaining neoplastic cell proliferation and tumor growth,
even in malignancies affecting hematological stem cells. We
examined VEGF expression and synthesis in three leukemic cell
lines (B1647, HEL, M07) with erythro-megakaryocytic phenotype. In this study we evaluated VEGF and its receptor KDR
expression by RT-PCR, VEGF production by Elisa test and western blot analysis; and cell line sensitivity to VEGF by thymidine
incorporation. Results showed that VEGF and its receptor KDR
(VEGF R2) were expressed, both as mRNAs and proteins, in B1647
and HEL, while only KDR transcript was found in M07 cells. Following starvation, both B1647 and HEL, but not M07 cells
showed a strong spontaneous proliferating activity. In fact, measurable amounts of VEGF were present in the unstimulated cell
medium, thus suggesting an autocrine production of VEGF by
B1647 and HEL cells. This production could not be further boosted by other growth factors; whereas it was inhibited by the TGFb1. Finally the analysis of signal transduction pathway following stimulation with VEGF indicated that among Shc proteins
only p46 was tyrosine phosphorylated. These data indicate that
leukemic cells may be capable of autocrine production of VEGF
that, in turn, further maintain cell proliferation, possibly mediated by Shc p46 phosphorylation.

PO115
EFFECT OF THALIDOMIDE ON ANGIOGENIC GROWTH FACTORS IN
MYELOFIBROSIS WITH MYELOID METAPLASIA
Gavazzi S,* Biscardi M,* Balestri F,* Bonzi L,° Bagnara G,°
Pierdomenico L,° Mazzucconi F,* Grossi A*
*Divisione di Ematologia,Università di Firenze;°
Istituto di Istologia, Università di Bologna
The efficacy of thalidomide has been demonstrated in the
treatment of multiple myeloma and the drug’s activity has been
related with angiogenic and immunosuppressive properties. In
this study, we evaluated the effect of thalidomide on some angiogenic growth factors, such as VEGF, TGF-β and bFGF in patients
with splenohepatic myelofibrosis (MMM). Angiogenesis may have
an important role in MMM pathogenesis because of the marked
vascularization observed in bone marrow. Fifteen patients were
analyzed for VEGF, TGF-β and bFGF expression. Six of these
patients were recruited in a trial protocol: thalidomide was
administered at the starting dose of 50 mg/day and increased
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stepwise every month up to 150 mg/day. Angiogenic factors levels were evaluated at time 0, at the 3rd and 6th months or at drop
out if occurred, with semiquantitative RT-PCR performed on total
RNA obtained from peripheral blood CD34+ cells. Moreover,
serum and platelet poor plasma (PPP) levels of these growth factors were measured by an ELISA technique before and after treatment and compared to normal controls. Three of 6 patients
dropped out before 6 months of treatment because of intolerance
to thalidomide, and one of these was not evaluable because the
drop out occurred before reaching the first month of treatment.
Two of 6 patients still on therapy are at the 6th month and one
is at the third month. Hematologic response of the 5 evaluable
patients was as follow at 90 days: hemoglobin remained stable
in 5/5; platelet count increased in 4/5 and palpable spleen size
was reduced in 4/5. Compared to controls, mean serum levels of
growth factors, in the 15 patients at baseline, were significantly increased: TGF-β 32992 pg/mL (1560-72358) vs 220 pg/mL in
the control; VEGF 1103 pg/mL (360-1788) vs 245 pg/mL; bFGF
45 pg/mL (16-169) vs <3 pg/mL. Similar results were obtained
from mean PPP levels: 11161 pg/mL (2996-17358) for TGF-β vs
21 pg/mL; 459 pg/mL (189-856) for 85 pg/mL; 15 pg/mL (0-26)
for bFGF vs <3 pg/mL. Compared to controls, baseline mRNAs
were increased in CD34+ cells in 10/15 for TGF-β, 9/15 for VEGF
and 7/15 for bFGF. After thalidomide treatment, serum and PPP
levels increased in all patients. Also, by semiquantitative RT-PCR,
performed on CD34+, mRNA of TGF-β, VEGF and bFGF resulted
significantly increased in 3/5 cases following treatment. These
results show that the main angiogenic factors are more expressed
in MMM patients than in controls. However, the therapeutic role
of thalidomide does not seem to be mediated by inhibition of
TGF-β, VEGF and bFGF expression and synthesis.

PO116
PROGNOSTIC VALUE OF CYTOKINE LEVELS IN AGGRESSIVE AND INDOLENT
NON HODGKIN’S LYMPHOMAS
Ricci Lucchi S,° Cipriani R,* Baccini C,° Zaccaria A,* for the
Hematology Group Of The Istituto Oncologico Romagnolo
Service Pharmachology, Toxicology° and Hematology Unit*,
S. Maria delle Croci Hospital, Ravenna
Over the past 10 years, increasing interest has been focused
on the measurement of cytokines and soluble receptors levels as
prognostic parameters in lymphoproliferative disorders, particularly low-grade NHL. In particular, TNF-α and sCD23 levels
have been correlated with disease stage in LG NHL and B-CLL.
We have evaluated the serum levels of several cytokines (TNFα, sCD23, IL-1β and IL-6) before and after therapy in LG and HG
NHL and B-CLL at diagnosis and tried to correlate the results
with clinical stage and response to treatment. Serum IL-1β, IL6, TNF-α and sCD23 were measured employing a quantitative
sandwich enzyme immuno assay technique (EIA).The minimum
detectable doses were: <1 pg/ml for IL-1β; <1 pg/ml for IL-6; <2
pg/ml for TNF-α and <10.3 U/ml for sCD23. Results. 24 high
grade NHL pts (10 I-II stage;14 III-IV stage) were evaluated. Their
median value for LDH was 354 U (range 262-1926) and 2.00
mg/dl for β2 microglobulin (β2M) was 2.00. Median TNF-α values were 6.9 pg/ml (range 2.0-30.3) for I-II st.; 6.4 pg/ml (range
2.0-88.0) for stage III-IV.13 pts were evaluated after therapy. All
the 11 responding pts showed a normalization (<2pg/ml) of the
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TNF-α values. The SD pt showed a reduction from 18 to 4 pg/ml
while the pt with PD had an increase from 26 to 59 pg/ml sCD23
values were 64.4 U/ml (range 18-300) for stage I-II and 98.4
U/ml(range 19-400)for stage III-IV pts. After therapy median
value were 42.3 (range 10-133.5) U/ml. Reduction was observed
in all responding pts. Same value (133.5 vs156) in the PD pt. 25
low grade NHL pts (6 stage I-II and 19 stage III-IV) were evaluated. Median TNF-α values were 3.1 pg/ml (range 2.0-12.0) in
stage I-II and 13.5 pg/ml (range 2.0-49.4) in stage III-IV pts.
After therapy, median value in 8 pts was 3.3 (range 2.0-59.9).
Only the PD pt had an increase from 26.0 to 59.9 pg/ml.s CD23
was 65.8 U/ml (range 35.0-400.0) in st. I-II and 400.0 (range
10.0-1600.0) in st. III-IV. After therapy, median value was 47.4
(range 10.0-503.6) U/ml. SD pt had a reduction from 1600.0 to
503.6 U/ml, while the PD pt had a variation from 98.9 to 66.3
U/ml. IL-1β and IL-6 were undetectable or in the normal range,
respectively, in all the patients. These data confirm previous
results in low grade NHL and show that also in HG NHL the levels of TNF-α and sCD23 may be of prognostic importance.
Funding: This work was supported by Istituto Oncologico Romagnolo, Forlì, and Associazione Italiana contro le Leucemie, Sez. di
Ravenna (Ravenna A.I.L.).

PO117
CARCINOMA CONDITIONED MEDIUM INDUCES INFLAMMATORY CELLS
TO UP-REGULATE HEPARIN-BINDING ENDOTHELIAL GROWTH FACTOR (EGF)
AND TRANSACTIVATE EGF RECEPTOR
Rigo A, Pizzolo G, Vinante F
Department of Clinical and Experimental Medicine,
Section of Hematology, University of Verona
A number of malignancies seem able to support angiogenesis, re-direction of inflammatory/immune cells and eventually
microenvironment re-modeling. These activities are based on
molecular mechanisms, which may have both pathogenetic and
therapeutic implications. Heparin binding EGF-like growth factor (HB-EGF) is an interesting molecule in this context, due to
its mitogenic and angiogenic properties exerted through binding to EGF receptor tyrosine kinase 1 or 4 (HER-1, -4). Using RTPCR, subcloning, Northern blotting, flow cytometry, ELISA and
transwell or cell-to-cell co-culture techniques, we evaluated
whether the HER-1-positive carcinoma cell line 5637 was able
to recruit neutrophils (PMN), monocytes (MØ) and lymphocytes
(PBL) to up-regulate HB-EGF and transactivate HER-1. The 5637
culture medium had chemotactic activity and induced HB-EGF
on PMN, MØ and PBL. Furthermore, a rapid transactivation of
HER-1 followed metalloproteinase activation and HB-EGF cleavage. Anti-GM-CSF and anti-GM-CSF receptor mAbs specifically inhibited the induction of HB-EGF. Neutralizing anti-CXCR4
mAbs greatly reduced chemotactic activity and HER-1 transactivation. These data provide evidence that neoplasias may drive
infiltrating inflammatory cells to produce and release factors,
namely HB-EGF, inducing neoplastic growth and angiogenesis.
A similar mechanism may favor recruitment of neoplastic cells
into metastases.
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RETINOIC ACID INDUCES FLOTILLIN1 EXPRESSION AND ITS GROWTH
FACTOR-DEPENDENT RELOCALIZATION AND COLOCALIZATION WITH
TYROSINE KYNASE RECEPTORS WITHIN TRITON-INSOLUBLE MEMBRANE
RAFTS
Billi M, Rizzo G, Cioccoloni M, Mannucci R, Renga B,
Grignani F
Dipartimento di Medicina Clinica e Sperimentale, Università di
Perugia, Sez. di Patologia Generale e Medicina Interna e
Scienze Oncologiche
Retinoids have been used in chemoprevention and therapy of
cancer. In acute promyelocytic leukemia (APL) retinoic acid (RA)
releases the differentiation block induced by the leukemia fusion
protein PML/RARa. The RA-activated molecular pathway seems
also to be interrupted in other leukemias. To understand the
mechanism of differentiation block and RA induced differentiation in APL and other leukemias, we searched for genes regulated by PML/RARα in the presence of RA. By a Representational Difference Analysis (RDA)-based screening of mRNA from RAtreated and non- treated hematopoietic cells overexpressing
PML/RAR, we identified flotillin1 as a RA-regulated transcript.
Flotillin1 is a membrane protein associated with caveolin 1 in triton-insoluble membrane rafts. RA-induced increased expression
of flotillin was confirmed by Northern and Western blotting in
the U937 model. Flotillin1 expression increases from 1 hour to
24 hours of RA treatment. By studying a panel of hematopoietic cell lines including HL60 and NB4 and their RA-resistant
mutants HL60R and NB4R4 we found that flotillin1 is only
expressed in cell lines with an active RA transduction pathway.
In resting CD34+ hematopoietic progenitors flotillin1 is poorly
expressed, but is strongly induced upon stimulation with proliferation or differentiation-inducing growth factors. Thus, expression of flotillin 1 seems to be related to cell cycle progression and
differentiation of hematopoietic progenitors. Stimulation of
CD34+ cells by GMCSF and RA also induced flotillin1 expression.
Flotillin 1 overexpression, obtained by retrovirus transduction,
increases vitamin D and RA-induced differentiation in both HL60
and U937. To investigate the molecular mechanisms of these
biological effects we studied by biochemical methods the
changes in the intracellular localization of flotillin following
growth factor stimulation. Flotillin1 relocalizes in the tritoninsoluble membrane compartment after three minutes of MCSF stimulation of THP1 cells. The M-CSF receptor fms-1 does
the same after nine minutes, suggesting that flotillin1 contributes to the biogenesis of lipid rafts that is followed by receptor translocation in specialized membrane microdomains where
it can activate signal transduction. Immunofluorescence/confocal analysis confirmed the co-localization of flotillin1 and fms1 after M-CSF stimulation. Overall, these data suggest a physiological role of flotillin in myeloid differentiation.
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Biology of Hematopoietic Stem Cells
PO119
PERIPHERAL BLOOD STEM CELL MOBILIZATION IN MULTIPLE MYELOMA:
ADVANTAGE OF 7 VERSUS 4 G/M2 CYCLOPHOSPHAMIDE.
ON CD34+ CELL QUALITY AND PLASMACELL CONTAMINATION
Damiani D, Masolini P, Stocchi R, Michelutti A, Michieli M,
Geromin A, Sperotto A, Skert C, Baccarani M, Fanin R
Chair and Division of Haematology, Bone Marrow Transplant
Unit, Department of Medical and Morphological Research, University Hospital, Udine, Italy; Institute of Haematology and
Medical Oncology “L. and A. Seràgnoli”, University Hospital,
Bologna, Italy;Centro di Riferimento Oncologico (CRO), Aviano
Peripheral blood stem cell (PBSC) transplantation has significantly prolonged survival in multiple myeloma patients, however, even at lower concentration than in bone marrow, PBSC are
frequently contaminated by plasma cells, mobilizing into peripheral blood nearly at the same time a CD34+ cells. These cells are
known to be drug-resistant and may be responsible for relapse
following stem cells infusion. The influence of different mobilization regimens on plasma-cell mobilization is less known: optimal mobilization protocols should guarantee the collection of
high number of progenitor cells with low tumour cell contamination. Moreover there is evidence that the mobilization regimen
and mobilization timing can influence quality of collected CD34+
stem cells. We compared plasma-cell contamination, type of
plasmacells and CD34+ cell quantity and quality in the apheresis
products after two different doses of cyclophosphamide (Cy) in
fifty patients with multiple myeloma. All patients received induction therapy according to VAD scheme (vincristin, adriamycin,
dexamethasone) for a total of 4 courses. Stem cell collection was
performed at a median of 6 months (range 5-8) from diagnosis.
For mobilisation Cy was administered at the dose of either 7g/m2
in 5 consecutive 1-hour infusion (25 patients) or 4g/m2 in three
consecutive 1-hour infusion (25 patients). Granulocyte colony
stimulating factor-G-CSF (filgrastim) at the dose of 5mg/kg was
given subcutaneously from day + 4 until collection of a minimum
of 5×106/kg CD34+ cells. CD34 enrichment was performed using
the immumomagnetic system (CliniMacs, Myltenyi Biotec)
according to manifacturer’ indications. CD34 counts were evaluated by using the cytofluorimetric basic ISHAGE method with
anti-CD34-PE and anti CD45-FITC antibodies. The CD34+ subpopulations in the apheresis were identified by multiparametric
flow cytometry with the following monoclonal antibodies CD33PE, CD90-PE, CD117-PE, HLA-DR-PE, AC133-PE. CD34 MDR phenotype was evaluated by MRK-16, MRP-m1, LRP-56 antibodies.
Plasmacell contamination in the collection products was evaluated by bi-parametric flow cytometry using the monoclonal antibody CD138-PE. Plasma cells precursors in the apheresis were
also evaluated, by counting CD19+/CD20+/light chain+ cells. Plasmacells MDR phenotype was evaluated by MRK-16, MRP-m1,
LRP-56 antibodies. The two groups of patients were comparable
for age, sex, type and stage of disease at diagnosis and prior to
CD34+ cells collection. At time of mobilization 13/25 (52%)
patients receiving intermediate dose of Cy and 11/25 (44%)
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receiving high dose Cy had less than 5% plasmacells in bone
marrow. Cy was well tolerated in both group without major toxicity. Neutropenia (<500/µL) occurred in 20/25 (80%) patients
treated with the higher dose and in 14/25 (56%) in the others
without difference in duration. Four out of 25 patients in each
group (16%) had febrile episode (FUO) and received systemic
antibiotic therapy. Severe thrombocytopenia <20000/µL was
observed in 10/25 (40%) patients of the first group and only in
3/25 (12%) of the second group (0.02) without difference in
duration. Mobilisation occurred in all patients with a CD34+ peak
at day +11 (range 8-15) in patients receiving the lower dose of
Cy and at 3 days later, +14 (10-15), in the others. Peripheral
CD34+ cells peak varied among patients but it was not significantly higher in the patients treated with high dose Cy compared
to those receiving the lower dose (peak of 176 plus/minus 3 5/mL,
versus 78 plus/minus 15/mL, p=0.16). Equally, CD34+ cells collected were not significantly different in the two groups: a mean
of 9 plus/minus 2.1×106/kg in the high dose group and 7.7
plus/minus 2.3×106/kg in the lower dose group. Apheresis products obtained after higher dose of Cy contained significantly
higher proportion of immature progenitors: HLA-DR negative
(p=0.04), AC133+ (p=0.04) and CD90+(p=0.02) compared to stem
cell obtained after the lower dose. No difference was found in
CD33, in CD117 and in CD10 and CD7 expression. Significantly
different was also the expression of PGP (mean MFI=6.2 ± 1.4
versus 3.4 ± 1.4, p=0.034) and of MRP (mean MFI=3.7 ± 0.8 versus MFI 1.6 ± 1.1, p=0.04) in the group of patients treated with
the highest dose while no difference was found in LRP expression. Apheresis products of patients receiving 4g/m2 Cy contained
higher number of plasma cells and clonotypic B cell precursors
than patients treated with the higher dose: 17 ± 5×104/kg versus 65 ± 13×104/kg PC (p=0.025) and 52 ± 20×104/kg versus 95
± 18×104/kg B cells (p=0.035). The same difference was also
observed considering patients according to bone marrow plasmacell infiltration at mobilization. Differently from what
observed on CD34+ cells, P-glycoprotein was highly expressed on
plasmacells collected after 4g/m2 Cy (mean MFI=20 ± 12) compared to PC mobilized with the highest Cy dose (mean MFI=4.8
plus/minus 3.3, p=0.02). PC of both groups always showed low
MRP and LRP expression. CD34+ positive selection gave in all
patients a 2 log plasma cell reduction, cancelling differences
between groups: final mean plasmacells content was 1.0
plus/minus 0.13×104/kg in the group collected after Cy 4g/m2
and 1.3 plus/minus 0.23×104/kg in the other (p=0.63). Similar
results were observed considering the effect of manipulation on
B lymphocytes with final B cells content of 0.5 plus/minus
0.3×104/kg in both groups. In conclusion, our data confirm that
increasing Cy dose results in only slight differences in terms of
toxicity and tolerability. Instead, the quality rather than the
quantity of CD34+ cells collected can be substantially affected by
mobilization regimen. Pro and cons of mobilisation protocols
according to patients characteristics and disease status should be
considered in planning CD34+ cells collection: the lower CY dose
permits easier management and can be undertaken in outpatient clinics, the higher dose provides more immature progenitors and less contaminated collections but often requires hospitalisation. Plasmacells contamination can be significantly
reduced by CD34+ enrichment, but the impact of different PC
characteristics according to collection protocols and in particular of the intensity of PGP expression, on relapse or on progression time, remains an open question.
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PO120
TRANSENDOTHELIAL MIGRATION LEADS TO PROTECTION FROM
STARVATION-INDUCED APOPTOSIS IN CD34+ CD14+ CIRCULATING
PRECURSORS: EVIDENCE FOR PECAM-1 INVOLVEMENT THROUGH Akt/PKB
ACTIVATION
Ferrero E,§ Belloni D,§ Foglieni C,° Ferrero ME,# Fabbri M,*
Poggi A,** Zocchi MR§
§Laboratory of Tumor Immunology, IRCCS San Raffaele, Milan;
°Human Virology Unit, Dibit, IRCCS San Raffaele, Milan;
#Department of General Pathology, University of Milan, Milan;
*Unit of Human Immunology, Dibit, IRCCS San Raffaele, Milan;
**Laboratory of Immunology, National Cancer Research
Institute, Genoa
Here we show that transendothelial migration of a subset of
human CD14+ circulating leukocytes, coexpressing the CD34
precursor marker and able to differentiate into dendritic cells,
leads to protection from programmed cell death (PCD) which
follows growth factor(s) withdrawal. The resistance of this cell
subset to starvation-induced apoptosis, lasting from 48 to 96h,
is accompanied by a rise of mitochondrial ATP, a high NAD/NADH
ratio and by the up-regulation of expression of the anti-apoptotic proteins Bcl-2 and Bcl-X, together with an increase in the
cytoplasmic, inactive, form of Bax. This suggests that protection
from apoptosis is due to the preservation of mitochondrial function(s). Interestingly, ligation of the platelet endothelial cell
adhesion molecule-1 (PECAM-1/CD31), which drives transendothelial migration of CD14+CD34+ cells, leads to an increase
in Bcl-2 and Bcl-X intracellular content, as documented by
immunofluorescence and Western blot analysis. A similar effect
was obtained using PECAM-1 transfected murine fibroblasts. In
both instances, protection from apoptosis was prevented by covering CD31/PECAM-1 with the F(ab’)2 of specific anti-CD31
mAb, indicating that homophilic PECAM-1/CD31 mediated interaction is needed to deliver an anti-apoptotic signal to
CD14+CD34+ precursors. This event is accompanied by PECAM1/CD31-dependent engagement of phosphatidylinositol-3 kinase
and activation of Akt/PKB, leading to protection from starvationinduced PCD. These data point to a critical role of endothelium
in preventing the apoptotic program triggered by starvation,
possibly inducing a prolonged survival of dendritic cell precursors, in order to allow recirculation of these cells and localization to peripheral tissues. Preliminary data would indicate that
PECAM-1/CD31 is involved also in increasing the survival of
CD31+ cells from AML patients, suggesting that AML/endothelial cell interaction may play a role in living on circulating AML
blasts.

PO121
HUMAN BONE MARROW MESENCHYMAL STEM CELLS: EVALUATION OF
OSTEOGENIC AND CHONDROGENIC DIFFERENTIATION
Urbani S, Nerucci F, Saccardi R, Caporale R, Lombardini L,
Bosi A, Rossi Ferrini P
Department of Hematology, University of Florence,
Azienda Ospedaliera Careggi, Florence
Mesenchymal stem cells (MSCs) residing within bone marrow
have been shown to expand rapidly in culture when plated in
plastic flasks, developing from a population of spindle-shaped
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clonogenic fibroblastic precursor cells or fibroblast colony-forming units (CFU-F); their capacity to differentiate along multiple
lineages (osteocytic, chondrocytic, adipocytic, myoblastic) has
been well tested. These cells show orthodox and unorthodox
plasticity (adopting glial and neuronal cell fates when transplanted into the developing central nervous system); among the
efforts to define their phenotypic and genotypic fingerprints,
recent serial analysis of their gene expression demonstrates that
a clonal population of human MSCs is molecularly heterogeneous, simultaneously expressing transcripts characteristic of
various mesenchymal cell lineages (including osteoblasts, chondrocytes, adipocytes and myoblasts) but also atypical ones
(including trancripts common to epithelial, endothelial and neuronal tissues, of neurotrophic factors and of factors implicated
in wound repair). We have studied human bone marrow mesenchymal stem cells in order to optimize culture conditions,
including proliferation and differentiation, focusing on
osteogenic and chondrogenic differentiation. Bone marrow
mononuclear cells (BMNCs) were obtained by spinning whole
bone marrow at 2000rpm and collecting the buffy-coat ring.
Single fibroblastic-like colonies (CFU-Fs) were obtained by plating BMNCs in Iscove's, medium 10% FBS and 2% Ultroser G, at
a concentration of 10,000/cm2, in 25cm2 flasks, fixed and stained
with Giemsa after 14 days of culture: CFU-F mean number
(±SEM) was 47(±)8/106 nucleated seeded cells (0.0047% of
BMNCs; n=39). We analysed phenotypic expression of the typical hematopoietic markers CD34, CD14 and CD45, observing
that these are almost completely lost after the secondary culture. The cells have shown a great proliferation potential,
expanding more than 200,000-fold in 2 months of culture, over
subsequent cycles of trypsinization. We studied osteogenesis by
stimulating these cells with ascorbic acid, dexamethasone and
β-glycerophosphate, by using Iscove's medium and 10% FBS as
basal medium, after 3-4 weeks, MSCs assumed the cuboidal
shape of osteoblasts and local nodular apatitic deposits were
intensely stained with Alizarin red S. Chondrogenesis was stimulated by adding TGFβ1 to the culture medium (Iscove's, 10%
FBS and 2% Ultroser G) for 21 days and the result was widely
analyzed by different techniques: metachromasia and deposition
of glycosaminoglycans were revealed by toluidine and alcian
blue staining; stimulated cells showed abundant endoplasmic
reticulum and numerous secretory vesicles in transmission and
scanning electron microscopy images (TEM and SEM); chondrocytic differentiation was also verified for collagen II expression,
which resulted positive by immunofluorescence and RT-PCR
analysis.

PO122
DISTRIBUTION OF HUMAN BONE MARROW ENDOTHELIAL-COLONY GROWTH
IN ACUTE MYELOID LEUKEMIA PATIENTS
Punturieri M, Campioni D, Lanza F, Dabusti M, Tieghi A,
Tomasi P, Bardi A, Castoldi G
Section of Hematology, Department of Biomedical Sciences
and Advanced Therapies, St. Anna Hospital, University of
Ferrara
Previous reports have focused their interest on the impairment
of the hematopoietic microenvironment in different hematologic disorders. Although the data resulted sometimes conflicting, patients with acute leukemia have shown abnormalities of
the in vitro non-hemopoietic compartment, which included
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reduction in the colony forming-unit fibroblast (CFU-F) count,
diminished capacity to establish an adherent layer in long-term
cultures (LTC), and limited abilities to sustain the LTC-IC assay.
Further studies have documented the production of angiogenic
factors by leukemic cells, which can alter the bone marrow
microenvironment. In this study we investigated the presence
and the distribution of bone marrow endothelial colonies (CFUEn), in 45 acute myeloid leukemia (AML) patients, subdivided
into five groups (5 M0, 7 M1, 9 M2, 11 M3, 5 M4, 8 M5), according to the FAB classification, and the clinical phase of the disease (diagnosis vs remission state after chemotherapy). At the
onset of the disease, no endothelial colonies were observed,
except for in the M0 group, in which the number of CFU-En was
1.20/106 (± 1.30 SD). However, AML patients in remission state
after chemotherapy displayed a significantly high number of
CFU-En colonies, in particular in AML-M1 (2.33/106 ± 4.04 SD),
M3 (1.73/106 ±2.45 SD), M5 (4.00/106 ± 6.08 SD). Interestingly,
a similar pattern was noticed for the evaluation of CFU-F (fibroblast), whose numbers increased in patients in remission, especially in subjects belonging to the M3 FAB category (6.15/106 ±
3.99 SD). In conclusion, the number of CFU-En did not correlate
with the newly-diagnosed AML FAB sub-types except for AMLM0 while the increased number of CFU-En in remission phase
suggested that they could be involved in the process of bone
marrow reconstitution, after intensive chemotherapy. We are
carrying out further studies to correlate the presence of these
colonies with immunophenotypic and cytogenetic profiles.

PO123
CHRONIC MYELOID LEUKEMIA PATIENTS WITH COMPLETE KARYOTYPIC
RESPONSE TO STI-571 (GLIVEC) THERAPY SHOW RAPID REDUCTION OF
BCR-ABL TRANSCRIPTS
Giannini B, Martinelli G, Rosti G, Amabile M, Trabacchi E,
Testoni N, Buonamici S, Ottaviani E, Soverini S, Bassi S,
Pane F,° Izzo B,° Saglio G,^ Alberti D,* Baccarani M, Isidori A,
Malagola M, Piccaluga PP, Rondoni M on behalf
of the ICSG-CML
Institute of Hematology and Medical Oncology “Seràgnoli”,
University of Bologna, Italy; °Department of Biochemistry and
Medical Biotechnology, University of Naple, Italy; ^Department
of Biomedical Science and Human Oncology, University of
Turin, Italy; *Novartis Pharma, Origgio (VA), Italy
We studied bcr-abl transcriptional profile variation by real
time quantitative RT-PCR on 475 of 1522 collected bone marrow (BM) [and peripheral blood (PBL) samples], from 145 of 200
patients with CML (all in chronic phase) entered in a national
clinical trial of the Italian Cooperative Study Group on CML (002)
before and after one year’s administration of STI-571 (Glivec,
Novartis). We found a straight correlation between the clinical,
hematologic, karyotypic response and the bcr-abl transcript
decrease. In 89 patients a complete (65 patients) (CKR) or major
(24 patients) karyotypic response (conversion) (MKR) was
obtained. Fifty-nine pts obtained only a minor, minimal or no
karyotypic response. The amount of bcr-abl transcript on BM
samples correlated with the presence of a cytogenetic response:
in patients with KR, the median value of bcr-abl/β2m ratio was
662 (pre-STI), and become 75 and 56, after three, and six months
of STI-571 treatment, respectively. The amount of bcr-abl transcript on BM samples correlates with the presence of a cytoge-
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netic response also in MKR, the median value of bcr-abl/β2m
ratio was 927 (pre-STI), and become 71 and 158, after three, and
six months of STI-571 treatment, respectively. Of the remaining
patients without any karyotypic response (NKR) or minimal or
minor, the median values were 1110, 803 and 278 before therapy and at three and six months of therapy, respectively. We first
demonstrated that STI-571 downregulates the amount of bcrabl in cytogenetic responsive patients and that this response is
proportional to karyotypic response. STI-571 therapy (Glivec) is
an effective therapy for CML patients, reducing the amount of
bcr-abl transcript in all the patients treated with particular efficacy in those who obtained a karyotypic conversion.

Karyotypic response

BM
Pre therapy

BM
3 ° months

BM
6° months

bcr-abl/β2m ratio on CKR pts

662

75

56

bcr-abl/β2m ratio on MKR pts

927

71

158

bcr-abl/β2m ratio on no KR, minimal,
minor KR pts
1110

803

278
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Michele Baccarani), by “30 Ore per la Vita” A.I.L. grants and Alternative Hair Show grants, by CML Cofin 1999 (M. Fiacchini, and G.
Saglio), Cofin 2000 (S. Tura) and Cofin 2001 (M. Baccarani) funds.

PO124
PHYSIOLOGICAL ROLE OF THE VITAMIN D RECEPTOR TRANSCRIPTION
FACTOR IN MONOCYTIC COMMITMENT
Montanari M, Grande A, Gemelli C, Siena M,
Zanocco Marani T, Ferrari S
Dipartimento di Scienze Biomediche, Sezione di Chimica
Biologica, Università di Modena e Reggio Emilia, via Campi 287,
41100 Modena
Although supra-physiological levels of 1α, 25 dihydroxyvitamin D3 (VD) have been extensively reported to induce monomacrophagic differentiation of leukemic myelo- and monoblasts, little is known about the role that physiological levels of
this vitamin could play in the regulation of normal
hematopoiesis. To clarify this issue we adopted a liquid culture
model in which cord blood CD34+ hematopoietic progenitors
were cultured in vitro in the presence of growth factors, such as
stem cell factor (SCF), FLT3-L (FLT3-L), interleukin 11 (IL-11),
interleukin 3 (IL-3) and interleukin 6 (IL-6) and then exposed to
VD at different concentrations and stimulation modalities. The
effect of VD stimulation were therafter monitored by CFC assay,
performed at day 3 and by immunophenotypic and morphological analyses, at day 7 and 14 of liquid culture. Cytofluorimetric
analysis showed a marked increase of mono-macrophagic antigens, such as CD14 and CD11b as well as a downregulation of
CD34 antigen expression. VD treatment promoted at the same
time, a reduction of the highly undifferentiated CD34+/38− fraction. Our data indicate that VD exerts its differentiating action
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either at pharmacological (10-8 M weekly) or physiological levels (that is 2,5×10-10 M, daily added to the cultured cells). To better evaluate VD level of action in inducing monocytic differentiation we compared VD effects with those of the monocyte-specific growth factor M-CSF, added to the culture alone or associated with VD. The combined treatment induced CD14 expression better than the single treatments, confirming a possible
additional effect of the two different agents. In particular we can
assert that VD exerts its effects mainly during the early phases
of differentiation, while M-CSF acts after the commitment step.
Western blot analysis indicated that VD promoted a marked
increase of the vitamin D receptor (VDR) in the nuclear compartment of the treated cells. Moreover RT-PCR investigation
evidenced the induction of VD primary responsive genes, such as
VD-24OHase indicating that VD genomic pathways underlie the
maturation effects of the analyzed compound. To assess the
exact mechanism of VD action and to explain the possible synergism with other differentiation agents, we are developing VDR
dominant negatives expressed by LXIDN retroviral vector, in
which both the DNGFR and the VDR mutants are under the transcriptional control of the retroviral LTR in a single, bicistronic
transcript, through the use of an internal ribosomal entry site
(IRES). The VDR dominant negatives, missing respectively the
LBD (ligand binding domain) or the AF-2 transactivation domain,
should be able to compete with the endogenous transcription
factor, thereby determining the impairment of VDR signaling.
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(0.3-3,3) and 0.16% (0.01-0.3), respectively. CFC clonogenic efficiency was 40%. Immunophenotyping analysis of lineage commitment showed that the expanded cell population was mostly
of the myeloid lineage with CD33+ cell percentage ranging
between 80 and 95%. Particularly, CD15+ CD14+, CD61+ and glycophorin A+ markers were 91%, 20%, 4% and 2%, respectively.
Lymphoid differentiation markers (CD3+, CD19+ and CD16/56+)
were expressed on less than 5% of cells. Morphological evaluation showed a heterogeneous population of early and late
myelomonocyte precursors. In a pratical appoach this expansion protocol may be suitable for clinical purposes, although
optimal defined conditions for UCB stem cell expansion need to
be carefully developed.

PO125
UMBILICAL CORD BLOOD EXPANSION FOR CLINICAL PURPOSES
Bonfini T, Costarelli L, Villanova I, Liberatore E, Giancola R,
di Penta F, Di Leve G, Rotondo T, Iacone A
Dipartimento di Medicina Trasfusionale, Ospedale Civile Spirito
Santo, Pescara, Italia
Clinical use of umbilical cord blood (UCB) for transplantation
is limited to children and small sized adults due to the collection of low numbers of cells. Ex vivo stem cell expansion programs seem to be a promising strategy to ensure an adequate
cell dose and to improve post transplant outcome. The clinical
approach requires the effective capacity to expand both early
and committed progenitors. The aim of our study was to evaluate a short term (14-day) culture system for UCB cell expansion
suitable for a clinical approach. With this purpose UCB was collected from full-term deliveries after maternal informed consent; the MNC fraction was separated by density gradient centrifugation and CD34+ cells were isolated using MiniMACS isolation kit (Miltenyi Biotec) according to the manufacturers‘
instructions. Enriched CD34+ cells (purity 83-92%) were cultured at 1×104 cells/mL in 24 well/plates in pre-selected commercial serum-free medium (X-VIVO 20, BioWhittaker) in the
presence of a previously optimized growth factor combination
(SCF, TPO, FLT-3, IL-6 and G-CSF). Fresh medium and cytokines
were fed every 2 days and demi-population were performed on
day +7. Culture output was assessed by cell count, viability,
immunophenotype, morphology and functional tests. Total
nucleated cells (TNC) resulted amplified by 655 fold (140-890),
CD34+ cells by 16 fold (4-21) and CFU-GM by 113 fold (19-150);
cell viability was 86% (73-91). In the expanded cell population
the median percentage of CD34+ and CD34+38− cells were 1.8%
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PO126
GENERATION OF DENDRITIC CELLS FROM CD14+ MONOCYTES PURIFIED BY
IMMUNOMAGNETIC CELL SORTING FOR MULTIPLE MYELOMA PATIENTS
ENROLLED IN A CLINICAL TRIAL OF ANTI-IDIOTYPE VACCINATION
Motta MR, Castellani S, Rizzi S, Gubinelli F, Curti A, Fogli M,
Ferri E, Baccarani M, Lemoli RM
Istituto di Ematologia ed Oncologia Medica "L.e A. Seragnoli",
Università degli Studi di Bologna
Objectives: To produce dendritic cells (DC) from circulating
CD14+ cells for multiple myeloma patients enrolled in a clinical
trial of anti-idiotype vaccination. Methods: Monocytes were
selected by GMP-grade CD14-specific microbeads and the CliniMACS magnetic separator. CD14+ cells were grown in FCS-free
medium in cell culture bags, and differentiated to immature DC
with GM-CSF plus IL-4 or IFN-α-2b. Terminal maturation was
induced by adding either TNF-α or a cocktail of IL-1β, IL-6, TNFα and prostaglandin-E2. Fresh and cryopreserved mature DC
were characterized by immunophenotyping, IL-12 secretion,
capacity to stimulate allogeneic T cells and autologous T lymphocytes in response to the tumor idiotype. Results: CD14+ cells
were enriched from 17.6±6.5% to 93.8±6.3% (recovery
64.1±15.1 %, viability >97%). We obtained 3.65±1.7×108
DC/leukapheresis (recovery from CD14+ cells, 20.7±4.6%). Phenotypic analysis showed that 86.7±6.8% of DC coexpressed HLADR, CD40 and co-stimulatory molecules. The cytokine cocktail
induced a significantly higher percentage of CD80+ and CD83+
cells than TNF-α alone. CD83 antigen upregulation resulted in
secretion of larger amounts of IL-12, potent stimulatory activity on allogeneic T cells and efficient presentation of tumor idiotype to autologous T cells. Storage in liquid nitrogen did not
modify the phenotype or functional characteristics of preloaded
DC. The recovery of thawed, viable cells, was 78±10%. Finally,
we found that IFN-α-2b was at least as efficient as IL-4 in
inducing differentiation of mature, functional DC from monocytes.
Key words: dendritic cells, CD14+ cells, multiple myeloma,
cellular immunotherapy.

PO127
PURIFICATION OF MONOCLONAL IMMUNOGLOBULIN G AND
IMMUNOGLOBULIN A FROM SERUM OF MULTIPLE MYELOMA PATIENTS
TO PULSE DENDRITIC CELLS FOR ANTI-CANCER VACCINATION
Ferri E,* Neyroz P,° Pandolfi S,* Baccarani M,* Lemoli RM*
*Inst. of Hematology and Medical Oncology
“L. and A. Seragnoli”, University of Bologna;
°Dept. of Biochemistry “G. Moruzzi”, University of Bologna
MM is a neoplastic disease characterized by clonal expansions of lymphoid cells that have rearranged immunoglobulin (Ig)
genes. The majority of monoclonal Ig are IgG (71%), IgA (19%)
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whereas 8% of MM patients secrete light chains. Monoclonal
patient-specific Ig are optimal targets of anti- cancer vaccination in MM. IgG purification. Sera from MM patients were first
fractionated by precipitation in ammonium sulphate (50% saturation, overnight at 4°C). After centrifugation the supernatant
was discarded and the pellet dissolved in a small volume (final
protein concentration 10-15 mg/mL) of protein G running buffer
(0.02 M phospate buffer, pH 7.0). To eliminate completely the
precipitate’s residues a second sedimentation step was performed and the supernatant was collected and dialyzed against
protein G running buffer. The sample was filtered and load on a
protein G column. The column was washed with protein G running buffer until the absorbance at 280 nm reached an O.D. of
zero and elution was started (using 0.1 M glycine buffer,
pH=2.7). The flow-through fractions contained albumin, IgA and
other serum proteins, whereas IgG were contained in the eluate.
IgA purification. Sera from MM patients were first fractionated
as described for the IgG proteins. The same step on affinity protein G chromatography was also performed, with the exception
that the flow-through IgA-containing fractions were collected.
After extensive dyalisis against 0.02 M Tris-HCl, pH 7.0, this elution volume was then applied to an ion-exchange (Q) 10 mL
column (0.02 M Tris-HCl, pH 7.0; 0-50% 0.5 M NaCl) and
monomeric IgA were pooled from the fractions eluting at 20%
of the salt buffer solution. Final IgA purification was carried out
by gel filtration chromatography on a Amershamp-Pharmacia
Superdex-75 column. Sample purity was analyzed by PAGE electrophoresis. As part of a phase I-II trial of anti-idiotype vaccination with DC, we have purified monoclonal Ig from 9 MM
patients: 7 IgG and 2 IgA. IgG median recovery was 70 % and
purity > 80%, while IgA median recovery was 20% and purity
was 90%. Patient-specific Ig were then used to pulse autologous
DC which were reinfused to stimulate T-cell responses to MM.

PO128
SHORT PROGRESSION-FREE SURVIVAL IN PATIENTS WITH MULTIPLE
MYELOMA RECEIVING UP-FRONT SINGLE AUTOLOGOUS PERIPHERAL
BLOOD STEM CELL TRANSPLANTATION FOLLOWED BY MAINTENANCE
THERAPY WITH ANTI-CD 20 MONOCLONAL ANTIBODY
Musto P, Carella AM Jr, Greco M, Cascavilla N, Melillo L,
Beltrami G, Corsetti MT, Bodenizza C, Nobile M, Dell'Olio M,
Scalzulli Potito R, Carella AM
Unit of Hematology and Stem Cell Transplantation, IRCCS
"Casa Sollievo della Sofferenza" Hospital, S. Giovanni Rotondo
Autologous peripheral blood stem cell transplantation (AuPBSCT) is currently considered the standard treatment for most
patients affected by multiple myeloma (MM) less than 65-years
old. Maintenance therapy with α-interferon seems to further
improve the clinical outcome of MM patients undergoing AuPBSCT, although these data are not yet firmly consolidated. Additional attempts aiming to prolong the remission induced by
AuPBSCT, i.e. by immunological manipulations with IL-2, thalidomide or anti-idiotypic vaccines, or by intensified chemotherapy, have been recently proposed, but these approaches should
still be considered investigational. Myeloma cells either lack
CD20 antigen or express it weakly in the large majority of
patients. However, it has been suggested that circulating CD20
positive clonotypic B-cells may act as precursors or neoplastic
stem cells in MM patients and may play a role in determining
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disease relapse after AuPBSCT. This prompted us to use antiCD20 monoclonal antibody as part of maintenance therapy in
MM patients treated with AuPBSCT. Between September, 2000,
and July, 2001, 6 patients with stage III A MM (2 males and 4
females, age range 48-60 years) received an intensive sequential chemotherapy program consisting of 3 courses of VMD (vincristine, mitoxantrone and dexamethasone), followed by three
consecutive non-cross-resistant regimens: a) cyclophosphamide
7 g/m2; b) modified EDHAP; C) Dexa BEAM. PBSC were collected after each regimen using G-CSF (300 µg/d). High dose
chemotherapy with melphalan 200 mg/m2 or 140 mg/m2 + TBI
(1200 cGY) was subsequently performed, followed by infusion of
a median of 6.9 × 106/kg CD34+ cells (range 3.2-12.8). The median interval between diagnosis and AuPBSCT was 6.2 months.
Two patients achieved complete remission after the procedure
(negative immunofixation, marrow plasma cells < 5%) and four
patients showed a reduction of M-component > 50-75%. Three
months later, after local Ethical Committee approval and
informed consent, the patients received 4 weekly infusions of
anti-CD20 monoclonal antibody (Rituximab, Roche), each at the
dose of 375 mg/m2, followed by standard maintenance therapy
with α-interferon (3 MU s.c., t.i.w). As of May, 2002, all patients
are alive, but all of them have relapsed 4 to 15 months (median
11 months) after transplant. This was obviously a quite disappointing finding, since progression-free survival in a cohort of 20
MM patients previously treated at our Institution with a similar
approach, but without Rituximab, was 38 months. Thus, this trial was interrupted. Salvage therapy, with single or multiple additional AuPBSCT (melphalan 100 mg/m2) or a combination of
thalidomide with dexamethasone and zoledronate, allowed all
patients to achieve a second remission. Although the number of
treated patients is too low to draw definitive conclusions, our
experience indicates that treatment with anti-CD20 monoclonal antibody in MM patients after single AuPBSCT may be associated with an unexpected high rate of early relapses.

PO129
ROLE OF THE QUANTITATIVE EVALUATION OF MINIMAL RESIDUAL
DISEASE IN FOLLICULAR LYMPHOMA PATIENTS TREATED WITH RITUXIMAB
AND HIGH DOSE REGIMENS
Galimberti S, Guerrini F, Papineschi F, Cecconi N, Benedetti E,
Caracciolo F, Morabito F,* Iacopino P,* Cuzzola M,*
Palumbo GA,# Di Raimondo F,# Petrini M
Hematology Section, Oncology, Transplant and Advances in
Medicine Department, University of Pisa, Italy; *Transplant Section, Hematology Department, AO Bianchi-Melacrino-Morelli,
Reggio Calabria, Italy; #Hematology Section, Biomedical Sciences
Department, University of Catania, Italy
To compare sensitivity and informative properties of conventional (Genescan) and quantitative (Real time) PCR, we planned
to evaluate residual tumor burden in apheresis samples from 23
patients affected by follicular lymphoma. All patients were treated by 6 CHOP courses followed by CTX and G-CSF stem cells
mobilization and autologous transplant. In 11 patients rituximab was added before mobilization and harvesting to evaluate
its properties as an in vivo purging tool; the remaining patients
were evaluated as a control cohort. Fifteen patients started
CHOP/rituximab/high-dose therapy as first-line strategy, whereas 8 patients were enrolled at progression or relapse. When test-
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ed by the Genescan PCR method, 65.2% out of patients harvested contaminated precursors. Molecular positivity after CHOP
was more frequently correlated with contaminated leukapheresis products in both cohorts (p = 0.005). The percentage of PCRnegative harvests was significantly higher in the rituximab group
(p = 0.005): 7 out the 8 patients harvesting PCR-negative products received rituximab; conversely, from the 15 patients who
harvested contaminated products, 11 did not receive rituximab.
After real time PCR analysis, 12 out of 19 tested leukapheresis
products (63.2%) were positive, showing a good correlation
between the two molecular methods. The percentage of contaminated harvests was significantly lower in the group of patients
receiving rituximab, with 60% of negative products in the rituximab group versus 11% in the high-dose therapy cohort (p =
0.027). Sex, age, stage of disease, bone marrow involvement, IPI
and molecular status at the onset of therapy were equally represented in both groups. The pretreatment seemed to negatively influence the status of mobilized precursors. The absolute
number of bcl2/JH rearranged copies was independent of bone
marrow involvement or the basal molecular status, but was significantly correlated with the Rituximab administration. The
average number of bcl2/JH rearranged DNA copies was
1095.5/100,000 cells for patients receiving the anti-CD20 monoclonal antibody, whereas it amounted to 5914.9/100,000 in
the group of patients treated with high-dose therapy only. In
spite of these impressive results, the difference was not statistically significant (p = 0.15) because of the high dispersion of
observed values. Clinical response was not influenced by molecular status at the onset of therapy; in contrast, PCR-negativity of transplanted PBSC correlated with complete remission (p
= 0.037). Clinical characteristics of patients and response did not
influence OS or PFS. In contrast, PCR-positivity in bone marrow
samples before CHOP therapy was significantly associated with
shorter PFS (p = 0.04). A significantly different (p=0.004) PFS was
found between the group of patients transplanted with contaminated or uncontaminated apheresis products. Interestingly,
the number of DNA copies of PCR-positive harvests significantly correlated with both survival (p = 0.01) and progression-free
survival (p=0.002). This finding appears to imply that: a) a low
number of reinfused neoplastic cells may not be able to support
the follicular lymphoma reconstitution; b) it would be not necessary to discard all the contaminated aphereses, but it is reasonable to utilize those with lowest contamination levels. Thus,
patients who yielded highly contaminated PBSC should be
addressed to different therapeutic protocols. Finally, quantitative real time PCR detection of bcl2/JH rearranged cells in precursor harvests appears more informative than only a qualitative analysis.

PO130
PRIMARY REFRACTORY PROLYMPHOCYTIC LEUKEMIA AND RITUXIMAB:
A CASE REPORT
Ermacora A, de Sabbata G, Pecorari P, Sammartini C,
Paladini G
Divisione Medica 2°, Ospedale Maggiore, Trieste
Prolymphocytic leukemia (PLL) is a rare lymphoproliferative disorder characterized by a rapidly progressive course and frequent
unresponsiveness to therapeutic interventions. We describe here
a case of B- PLL, primary refractory to chemotherapy, which was
successfully treated with the monoclonal antibody antiCD20, rit-
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uximab. A 66-year old man was admitted to our hospital because
of leukocytosis and massive splenomegaly. Peripheral blood cell
count showed: hemoglobin (Hb) 12.7 g/dL; platelets (Plt) 166 ×
109/L and white blood cell count (WBC) 145 × 109/L with 98 %
prolymphocytes. Bone marrow biopsy showed massive infiltration of B-prolymphocytes. Surface marker analysis revealed that
prolymphocytes were positive for CD 20, CD22, FMC7, HLA DR and
surface immunoglobulin, (κ chain restricted), but negative for
CD5. The diagnosis of B–PLL was made. Splenic irradiation (10 Gy
total dose) was given at first without response. After 6 courses of
a polychemotherapy with CHOP and 3 courses of fludarabine and
cyclophosphamide no change in splenomegaly or peripheral blood
cell count was observed. Finally, 16 months after diagnosis, the
patient was given rituximab at a standard dose of 375 mg/m2
weekly for 4 weeks. The first dose was given over 3 days to avoid
the tumor lysis syndrome, so it was well tolerated with only grade
1 WHO fever. The patient obtained a remarkable reduction of
splenomegaly (16.5 × 7 cm, ultrasound evaluation) and of WBC
count (12 × 109/L, with 70 % prolymphocytes). At the moment, 7
months after rituximab, hematological and clinical conditions are
stable (spleen size stable and WBC are 29 × 109/L with 80 % prolymphocytes).This case suggests that rituximab may be effective
in B-PLL, a disease with a good expression of CD 20 on leukemia
cells, but known to be poorly responsive to conventional
chemotherapy.

PO131
OLIGOCLONAL PROTEIN BANDS, NEW MONOCLONAL GAMMOPATHY AND
AUTOIMMUNITY IN MULTIPLE MYELOMA AFTER COMPLETE RESPONSE
TO THALIDOMIDE: TWO CASE REPORTS
Ermacora A, de Sabbata G, Pecorari P, Sammartini C,
Paladini G
Divisione Medica 2°, Ospedale Maggiore, Trieste
The malignant clone in multiple myeloma (MM) usually produces a single abnormal monoclonal antibody with a constant
isotype and light chain restriction. The appearance of oligoclonal bands after recovery from myeloablation is well described in literature after allogeneic and autologous transplantation. We
describe here two cases which developed new monoclonal bands
after a complete response (CR) to thalidomide. Case 1: A 57-year
old woman with advanced IgA/λ MM, resistant after MP and VAD
regimens, was treated with thalidomide, 200 mg/die. After one
month of treatment, she was admitted for a severe autoimmune
hemolytic anemia. The monoclonal component was strongly
reduced in association with recovery of polyclonal immunoglobulin synthesis. Moreover, a very high titer of antithyroid autoantibodies was discovered. Corticosteroid treatment was added to
thalidomide giving good control of the hemolytic anemia. After
three months, immunofixation showed the complete disappearance of IgAλ component and the development of an oligoclonal
band of IgG. After 8 months of treatment, a discrete but low monoclonal band IgGλ appeared. Case 2: A 58-year old woman with
an IgG/κ MM achieved a partial response after 6 courses of VAD
and a subsequent autotransplant with melphalan 200/m2. One
year later, because of progression, the patient obtained a CR when
a second transplant with Mel 200 was followed by thalidomide
100 mg/die. Two months from the start of treatment with thalidomid, the recovery of polyclonal immunoglobulin synthesis was
associated with the appearance of 3 monoclonal bands (two IgG/κ
and one IgG/λ) at immunofixation, which were different from the
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original IgG/κ that was no longer detectable. So far, we are not
aware of similar observations about oligoclonal bands and new
monoclonal gammopathies (MG) after treatment with thalidomide. We suppose that during the recovery of polyclonal Igs after
the CR with thalidomid, new monoclonal components and/or
oligoclonal bands may not be of infrequent observation. Thus we
advise careful evaluation of immunofixation results to avoid confusion between new MG and the monoclonal component of MM.
Oligoclonal bands and new MG do appear in a high percentage
of patients post transplantation and seem to have no adverse
clinical significance on survival. Likewise those few patients with
the best response to thalidomide should not be harmed by a transient phenomenon associated with recovery of B cell function. In
case 1, we observed the development of autoimmune phenomena during the polyclonal recovery of Igs. This could have been
induced by the immunomodulating effect of thalidomide in the
setting of an unbalanced immune reconstitution.

PO132
B-CELL DEPLETION WITH RITUXIMAB AS TREATMENT FOR AUTOIMMUNE
THROMBOCYTOPENIA
Zaja F,* Masolini P,* Sperotto A,* Zaccaria A,° Tami M,#
Vianelli N,# De Vita S,@ Ferraccioli G,@ Baccarani M,#
Fanin R*
*Clinica Ematologica, Policlinico Universitario, Udine; °Divisione
di Ematologia, Ospedale di Ravenna; #Istituto di Ematologia ed
Oncologia Medica L. e A. Seragnoli, Bologna; @Clinica
Reumatologica, Policlinico Universitario, Udine
Rituximab (Mabthera, Roche) is a human-mouse chimeric
monoclonal antibody (IgG 1κ) which reacts specifically with the
CD 20 antigen, induces marked and prolonged (even if reversible)
systemic B-cell depletion and has good therapeutic activity in CD
20+ve non-Hodgkin’s lymphomas. Based on the hypothesis that
a B-cell depletion could interfere with the production of autoantibodies, we employed rituximab in autoimmune thrombocytopenia. Thirteen patients with immune thrombocytopenia, previously refractory/relapsed to one or more conventional therapies (including splenectomy in only 2), were treated with weekly infusions of rituximab, 375 mg/m2, for 4 weeks. Eleven patients
had a diagnosis of idiopathic thrombocytopenic purpura (ITP); in
1 patient autoimmune thrombocytopenia was associated to
chronic lymphocitic leukemia (CLL) and in 1 to systemic lupus
erythematosus (SLE). Treatment with steroids, if strictly necessary, was allowed during the study period, but only patients who
reached steroids suspension were considered responders. Additional response criteria were: complete remission (CR): platelets
level > 100 × 109/L; partial remission (PR): platelets level > 50
× 109/L. Rituximab pharmacokinetic was evaluated during therapy and follow-up period.All patients underwent a marked B-cell
depletion documented by the simultaneous and concordant
decrease in the number of CD19+ ve and CD 20+ve lymphocytes.
At present, 11/13 patients are valuable for response (1 patient
with ITP and 1 with SLE are still completing the therapeutic program). Among the 11 valuable patients, 7 CR were obtained.
One patient had recurrent thrombocytopenia 120 day after the
end of treatment and 10 are still responsive after 90 to 365 days
of observation. In responsive patients, the increase in platelets
count was prompt, i.e. during the second or third infusion of
Rituximab, with the exception of 1 patient whose initial recovery was detected 1 week after the end of treatment. A relation-
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ship between the mean fluorescence index (MFI) of CD20 and
response was not observed. Serum rituximab concentrations
were similar to those detected in an historic control of patients
with follicular non-Hodgkin’s lymphoma. Rituximab was well
tolerated and in particular infectious complications or other late
events were not observed. Rituximab appears a promising agent
for the treatment of patients with refractory immune thrombocytopenia. Rituximab compares favorably with cytotoxic or
immunosuppressive drugs in terms of response and tolerance.
Prospective controlled trials are warranted to understand the
therapeutic impact of this agent and to develop biological
knowledge to better select eligible patients.

PO133
RITUXIMAB FOR THE TREATMENT OF TYPE II MIXED CRYOGLOBULINEMIA
Zaja F,* De Vita S,° Michelutti A,* Sacco S,° Tami M,#
Ferraccioli G,° Baccarani M,# Fanin R*
*Clinica Ematologica, Policlinico Universitario, Udine;
°Clinica Reumatologica, Policlinico Universitario, Udine;
#Istituto di Ematologia ed Oncologia Medica L. e A. Seragnoli,
Bologna
Type II mixed cryoglobulinemia (MC) is a systemic vasculitis
strictly associated with hepatitis C virus infection and generally
sustained by a non-neoplastic oligoclonal B-cell proliferation. Rituximab (Mabthera, Roche) is a human-mouse chimeric monoclonal antibody (IgG 1 κ) which reacts specifically with the CD20
antigen, induces B-cell depletion, and has good therapeutic activity in B-cell non-Hodgkin’s lymphomas. Based on the hypothesis
that rituximab could act on proliferating B-cell and thus on systemic autoimmune manifestations, we used the drug in 15
patients with type II MC, unresponsive to previous treatments. All
the patients had active disease, 2 with evidence of nephritis. Rituximab 375 mg/m2 was given weekly for 4 times. No other cytotoxic or immunosuppressive drugs were allowed in association
with rituximab. Treatment with steroids, if strictly necessary, was
allowed during the study period, with the aim to reduce and suspend the administration after rituximab application. At present,
11/15 patients have completed the therapeutic program and/or
have at least 30 days or more of observation. All 11 had clinical
and laboratory improvement. In particular, the therapeutic benefit on skin lesions (purpura, ulcerations, urticaria) was prompt,
complete and durable in all patients. The improvement in neuropathic symptoms was partial. One of the 2 patients with nephritis (the second one is not yet evaluable for response) did not show
signs of renal improvement, although he was treated with only 2
administrations of rituximab because of the development of
thrombosis of the retinal artery before the third planned infusion.
All patients underwent a marked B-cell depletion documented by
the simultaneous and concordant decrease in the number of
CD19+ve and CD 20+ve lymphocytes. A variable reduction of serum
levels of cryoglobulins, IgM and RF were observed. Normalization
of complement levels were inconstant. In three patients, the disappearance of the serum monoclonal component IgM/κ was
noticed. Rituximab was well tolerated and in particular infectious
complications were not observed. As previously indicated one case
of thrombosis of the retinal artery and one case of transient symmetrical panniculitis of the elbow and of the knees (which developed on day + 60 and spontaneously recovered) were recorded.
These preliminary results suggest that rituximab may represent an
important alternative for the treatment of patients with type II
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MC. Rituximab could be the ideal drug for replacing corticosteroids and conventional cytotoxic drugs, which increase the risk
of infections and of oncogenetic events. Furthermore, these data
stimulate the use of rituximab in association with the classical
antiviral therapy (i.e. IFN, ribavirin).

PO134
COMPLETE MOLECULAR REMISSION ACHIEVED BY INTERFERON-α
THERAPY IN A PATIENT WITH CHRONIC MYELOGENOUS LEUKEMIA:
MOLECULAR QUALITATIVE AND QUANTITATIVE (REAL-TIME RT-PCR)
BIOLOGY FOLLOW-UP
Scortechini AR,° Discepoli G,* Amabile M,** Gottardi E,°°
Leoni P°
°Clinica di Ematologia Università degli Studi di Ancona; *Laboratorio di Citogenetica Ospedale Salesi di Ancona; **Istituto di
Ematologia e Oncologia Medica "Seràgnoli" Università di
Bologna; °°Dipartimento di Scienze Cliniche e Biologiche,
Università di Torino, Orbassano, Torino
Interferon-α (IFN-α) can be considered as treatment of choice
for patients with chronic myeloid leukemia (CML) in chronic
phase. A substantial minority of patients with CML attains a
complete response (CR) to treatment with interferon-α, defined
as the disappearance of Philadelphia chromosome-positive
metaphase. With this treatment major cytogenetic response can
be achieved in 30% to 50% of patients. Very few cases have been
reported in which therapy with IFN-α alone yielded a transient
eradication of Ph1 positive hematopoiesis as evaluated by twostage reverse transcriptase-polymerase chain reaction (RT-PCR).
We report herein the case of a young man with CML who
obtained complete molecular remission with IFN-α therapy during early and continuous cytogenetic conversion that has lasted for more than 3 years. A 34-year old man was diagnosed as
having CML in August 1991. After cytoreductive therapy with
hydroxyurea, IFN-α treatment was begun at a dose of 3000000
IU/day. From 1991 to 2002 a regular follow-up of the Philadelphia chromosome level in the treated patient was performed
with molecular biological techniques, i.e. with (RT-PCR) and with
fluorescence in situ hybridization (FISH) methods. Hematologic
remission was obtained after the first month of treatment and
complete cytogenetic conversion was documented at the 8th year
of treatment. Molecular analysis was performed at the same
time and residual b2a2 transcript could be detected by Nested
RT-PCR. Complete molecular remission was achieved at the 10th
year of continuous treatment and was confirmed three months
later. Using Taqman Real-Time RT-PCR we studied the ratio bcrabl/β2microglobuline × 10000 = 0. Molecular remission persisted when bone marrow and peripheral cells were examined a
year after. IFN can induce cytogenetic response, but a few
patients sometimes remain in CCR for a long time. It is believed
that molecular remission represents an important variable in the
survival improvement of CML patients, but the reports containing molecular studies are rare and the follow-up still too short
to provide conclusive data. The finding of long-lasting cytogenetic remission in CML patients treated with IFN raises the question of whether this agent is actually able to cure the disease
even in a minority of patient and when treatment should be
stopped. It is therefore important to perform regular quantitative molecular follow-up of the cytogenetic conversions obtained
through IFN-α therapy, and report all clinical data in order to
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identify the best therapeutic approach and the prognosis of
long-term good responders.

PO135
GENERATION OF FUNCTIONAL DENDRITIC CELL-LIKE ELEMENTS CAPABLE
OF STIMULATING AUTOLOGOUS ANTI-TUMOR T-CELL RESPONSE FROM
NON-HODGKIN’S B-LYMPHOMA AND B-CHRONIC LYMPHOCYTIC LEUKEMIA
CELLS
Della Porta M, Rigolin GM, Bigoni R, Zenone Bragotti L,
Dabusti M, Tieghi A, Castagnari B, Cuneo A, Castoldi G
Sezione di Ematologia, DSBTA, Università di Ferrara, Italy
Dendritic cells (DC) are professional antigen-presenting cells
(APC) that play a central role in the initiation and modulation
of the immune response. In this study we tested the possibility
that functional DCs can be generated from malignant cells in
patients affected by non-Hodgkin’s B-lymphoma (B-NHL) and B
chronic lymphocytic leukemia (B-CLL). In ten patients (7 B-NHL
and 3 B-LLC), neoplastic cells were isolated and cultured for 14
days in the presence of the following cytokines: FLT3L (50ng/mL),
IL-3 (20ng/mL), IL-6 (20ng/mL), GM-CSF (20ng/mL) and SCF
(50ng/mL). In six cases a mean of 21% (range 10-53%) of cultured cells had differentiated into DC-like elements, as demonstrated by immunological and functional characteristics. Cultured cells were identified as DC-like elements by the expression
of: a) DC-associated antigens CD1a (mean 24%, range 16-58%)
and CD83 (mean 11%, range 4-28%); b) co-stimulatory molecules CD80 (mean 9%, range 6-15%), CD40 (mean 15%, range
9-19%) and CD86 (mean 18%, range 11-34%) and low levels of
the inflammatory chemokine receptor, CXCR4 (mean 5%, range
3-12%). The majority of these cells retained their expression of
CD19 (77 ± 6%) and HLA-DR (72 ± 5%). Fluorescence in situ
hybridization analysis performed on CD1a sorted cells confirmed,
in 4 cases with abnormal karyotype, their derivation from the
malignant clone. Freshly isolated and cultured B-NHL and BCLL cells were able to stimulate, in 5/6 patients, an allogenic Tcell response in the mixed lymphocyte reaction (MLR) and to
generate, in 4/5 cases, a specific antileukemic immune response
evaluated by LDH-release cytotoxicity assays. These data suggest
that functional DC-like elements with enhanced antigen presenting activity can be derived from malignant cells not belonging to the myeloid lineage.

PO136
IN MOST ACUTE MYELOID LEUEKEMIA PATIENTS, BLAST CELLS DIFFERENTIATE INTO FUNCTIONAL DENDRITIC CELL (DC) LIKE ELEMENTS BUT CELL
CULTURE SUPERNATANT CONTAINS SOLUBLE FACTORS, WHICH INHIBIT
NORMAL DC DIFFERENTIATION AND FUNCTION
Rigolin GM,* Della Porta M,* Bigoni R,* Tieghi A,*
Zenone Bragotti L,* Dabusti M,* Castagnari B,* Carroccia R,°
Guerra G,° Cuneo A,* Castoldi G*
Sezione di Ematologia, DSBTA, Università di Ferrara*/Laboratorio Analisi Chimico-Cliniche, Arcispedale S. Anna, Ferrara°
It has been shown that, in vitro, primary AML blasts can differentiate into functional dendritic cell (DC) like elements in
approximately 70% of the cases. It is not clear, however, which
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factors are important in preventing and influencing DC differentiation in AML patients. In the present study, we evaluated the
possibility of differentiating blast cells into functional DC-like
elements and which factors prevent or influence normal DC differentiation. Our data showed that in 33/40 (82.5%) cases, by
using a combination of cytokines (GM-CSF, IL4 and TNF-α), after
14-18 days blast cells differentiated into DC like elements, characterized by the expression of co-stimulatory (CD40, CD80,
CD86) and DC associated molecules (CD1a, CD83), FITC dextran
uptake capacity and the ability to induce allogeneic T cell proliferation. A combined FISH immunophenotypic analysis, confirmed that, in 6 patients with known cytogenetic abnormalities,
DC like elements were derived from the malignant clone. In comparison to normal PB monocytes, AML blasts gave rise, in vitro,
to a lower percentage of DCs (29.7 vs. 62.8%, p=<0.001), which
presented a lower intensity of expression of CD86 (p= 0.028) and
CD116 (p= 0.005) and a reduced ability to stimulate allogeneic
T cells in the mixed leukocyte reaction (p= 0.001). Moreover, in
5/5 patients achieving CR, AML DCs were able to stimulate
autologous specific anti leukemic cytotoxic T cell responses as
assessed by the LDH-release cytotoxicity assay. In these series
of patients, FAB classification, immunophenotypic profile of blast
cells or cytogenetic findings did not predict DC differentiation.
By contrast, a reduced DC yield was associated with an increased
spontaneous release of VEGF (p= 0.009) and IL6 (p= 0.005) and
with lower levels of IL12 (p= 0.015) in AML blast supernatants.
To investigate whether blast cells could produce soluble factors
inhibiting DC differentiation and function, we add blast supernatants to DC cultures obtained from normal controls. In 4/4
cases blast cell supernatants determined a marked reduction of
DC yield and a reduced DC ability to stimulate allogeneic T cell
proliferation and autologous specific anti leukemic T cell
responses. Overall, our data suggest that, in most patients, AML
blasts can differentiate into functional DC-like elements but
AML blasts produce inhibitory soluble factors such as IL6 and
VEGF, which, in vitro, prevent normal DC differentiation and
inhibit DC functions. The production of inhibitory cytokines could
represent a mechanism by which blast cells may escape immune
system control in AML patients.

PO137
ANTITUMOR ACTIVITY OF A NEW ANTI-CD38 IMMUNOTOXIN, CONTAINING
THE SINGLE-CHAIN RIBOSOME-INACTIVATING PROTEIN SAPORIN-S6
Polito L,° Bolognesi A,° Tazzari PL,* Falini B,§ Malavasi F,#
Stirpe F°
°Department of Experimental Pathology, University of Bologna,
Via S. Giacomo, 14; *Service of Transfusion Medicine,
S. Orsola-Malpighi Hospital, Bologna, Italy; §Institute
of Hematology, University of Perugia, Italy; #Department of
Genetic, Biology and Biochemistry, University of Torino, Italy
Recently we focused our attention on the human CD38 antigen, as a possible target for immunotherapy with immunotoxins. In fact, CD38 is strongly expressed on myeloma, lymphoma
and B- and T- leukemia cells obtained from patients. Immunotoxins are hybrid molecules consisting of monoclonal antibodies (mAbs) linked to plant or bacterial toxins, which have been
designed to provide novel tools for the treatment of malignancies, graft-versus-host disease and immune disorders. To date
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several clinical trials have been conducted, and some are still
ongoing, to evaluate the anti-tumour efficacy of immunotoxins.1
The response rates observed in phase I/II trials have been often
higher than those reported for some of the conventional drugs.
In our studies we chose as the toxic moiety saporin-S6, which
is a RNA N-glycosidase from plants which cleaves one or more
adenine molecules from ribosomal RNA, thus damaging ribosome in an irreversible manner.2,3 In this context we chemically
constructed an anti-CD38 immunotoxin with the specific antiCD38 monoclonal antibody IB44 and the type 1 RIP saporin-S6.5
RIP and antibody were linked via a disulphide bond between
chemically inserted sulphydryl groups. After conjugation the toxin/antibody molar ratio was about 2.17. A loss of saporin activity, of about 4-fold, was observed, but it still retained a very
high protein synthesis inhibitory activity after conjugation. The
anti-CD38 monoclonal antibody, after conjugation, maintained
the same antigen binding properties as the native antibody. This
immunotoxin was tested on CD38 both positive and negative
neoplastic cells to analyze its toxicity (Raji, HBL6, Jurkat, L540
and CEM). Immunotoxin inhibited 3H-leucine incorporation by
positive cell lines with different efficacy, HBL6, Raji and L540
being the most sensitive. On these cells protein synthesis was
completely inhibited at 0.1 nM concentration of immunotoxin,
while a mixture of unconjugated RIP and mAb was ineffective
at the same concentration. Protein synthesis by non target L428
cell line was not affected by immunotoxin in the tested concentration range. The exposure of Raji and L540 cells to 0.1 nM
IB4-saporin-S6 immunotoxins induced apoptotic membrane
changes, evaluated after 72 h by a double staining with FITCannexin V and propidium iodide. The percentage of annexin V
positive cells was over 90% in both cell lines. No significant
increase of apoptosis over controls was induced by exposing
cells to a mixture of free antibody and RIP. The toxicity of mAb,
RIP and immunotoxin was evaluated on CD34+ hematopoietic
stem cells, to verify the residual staminal capacity of
CD34+/CD38− treated cells. The immunotoxin appeared slightly
toxic on CD34+ only at the highest concentrations tested (1-0.1
nM). Incubation with mAb, RIP or a mixture of both had no
effect. A limit to the potential in vivo use of an anti-CD38
immunotoxin could be the rather wide expression of CD38 antigen on several cell types. However, it is possible to devise a possible clinical use for ex vivo depletion of unwanted cells (e.g.
depletion of contaminating neoplastic cells in aphereses
obtained from G-CSF-treated patients).
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IMPROVED IN VITRO CYTOTOXIC EFFECT OF THE ANTI-CD20 MONOCLONAL
ANTIBODY, RITUXIMAB, AFTER CONJUGATION WITH THE PLANT TOXIN
SAPORIN-S6
Bolognesi A,° Polito L,° Tazzari PL,* Stirpe F°
°Department of Experimental Pathology, University of Bologna,
Via S. Giacomo, 14; *Service of Transfusion Medicine,
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Anti-CD20 chimeric monoclonal antibody (mAb) rituximab has
emerged as an effective single agent for the treatment of patients
with CD20-positive lymphomas and leukemia. Rituximab was
approved by the US FDA for treatment of recurrent B-cell lymphoma, and has shown an approximately 50% response rate in
relapsed low grade non-Hodgkin’s lymphoma.1 In an effort to
improve overall and complete response rates and prolong remission duration, several groups have investigated the possibility to
radiolabeling the antibody with iodine-131 or yttrium-90. Despite
the encouraging results reported in these studies, the majority of
patients treated with anti-CD20 radioimmunoconjugates will
relapse. A different way to improve the mAb effect is to conjugate it to a toxin, in order to obtain an immunotoxin, a chimeric
protein with a specific cytotoxic effect. To date several clinical trials have been conducted, and some are still ongoing, to evaluate
the anti-tumor efficacy of immunotoxins.2 In this preliminary
work we studied the cytotoxic effect of rituximab conjugated to
the ribosome-inactivating proteins (RIP) saporin-S6.3 RIP are plant
toxin, whose enzymatic activity was identified as a polynucleotide:adenosine glycosidases.4 RIP and antibody were linked
via a disulphide bond between chemically inserted sulphydryl
groups. The conjugate was purified by gel filtration. After conjugation saporin maintained its enzymatic activity, evaluated on a
cell-free protein synthesis system (rabbit reticulocytes lysate),
and rituximab retained the same antigen CD20 binding properties as the native antibody. The ability of the immunotoxin to
eliminate CD20 positive cells was studied on two human cell lines,
Raji, derived from a Burkitt’s lymphoma, and D430B, an EpsteinBarr virus-infected lymphoblastoid cell line. RIP incremented its
toxicity on target cells of 2 log upon conjugation with rituximab.
In both cell lines protein synthesis was completely inhibited by
immunotoxin at a concentration of 10 nM. The exposure of Raji
and D430B cells to rituximab-saporin-S6 immunotoxin induced
apoptotic membrane changes, evaluated after 72 h by a double
staining via FITC-Annexin V and propidium iodide. The percentage of annexin V positive cells was over 95% in both cell lines
treated with 10 nM immunotoxin. A mixture of unconjugated RIP
and mAb in the same conditions caused less then 30% of apoptosis. No significant increase of apoptosis over controls was
induced by exposing the cells to rituximab alone. Sensitivity of Raji
and D430B to rituximab-saporin-S6 immunotoxin was augmented when cells were co-incubated with low dosage of fludarabine,
a chemotherapeutic agent currently used for treating hematologic
malignancies. This suggests that a strategy of combining immunotoxin with chemotherapy can give synergistic cytotoxic effects.
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GEMTUZUMAB OZOGAMICIN IN ACUTE MYELOID LEUKEMIA. A CASE
REPORT
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Guastafierro S, Celentano M, Fontana V, Branca F, Tirelli A
Department of Hematology, Transfusion Medicine and
Transplant Immunology, Second University of Naples

VARIATION OF SOME LABORATORY PARAMETERS IN PATIENTS WITH
NON-HODGKIN’S LYMPHOMA TREATED WITH CHEMOTHERAPY PLUS
RITUXIMAB

Introduction. Monoclonal antibodies (MoAbs) represent an
important modality of therapy for patients with leukemia; thus,
it is very important to know the distribution and concentration
of the antigens targeted by these MoAbs among different cell
populations. One of the antigens targeted by MoAbs therapy is
CD33, a 67 kDa transmembrane cell surface glycoprotein. It is
expressed by cells committed to the myeloid lineage, myeloid
leukemia blasts and mature monocytes, but not by normal
pluripotent hematopoietic stem cells. Gemtuzumab ozogamicin
(GO) is a conjugate of a humanized anti-CD33 monoclonal antibody linked to N-acetyl-γ calicheamicin DMH, a potent antitumor antibiotic. It was approved by the US Food and Drug Administration for the therapy of patients with CD33 positive AML in
first relapse, aged 60 years or older and not candidates for other cytotoxic chemotherapy.1 Case report. A 61-year-old woman
was admitted to our Hematology Division because of fatigue,
anemia and leukocytosis. AML Mo CD7, CD13, CD33, CD34 was
diagnosed. The patient achieved complete remission after standard induction (idarubicin and cytarabine). Two consolidation
courses included high doses of cytarabine. About nine months
later, the patient relapsed. The myeloid blasts were still CD7,
CD13, CD33 (92%), CD34 positive. Therefore she received a FLAIDA (fludarabine, cytarabine, idarubicin) as remission induction
strategy chemotherapy, but she did not achieve a complete
remission. Forty-five days later GO was administered intravenously at a dose of 9 mg/m2 for three doses (days 1, 15 and
35). Before the infusion, CD33+ blast cells were 88%. The maximum decrement of CD33+ blast cells was 97%, 61%, and 78%
respectively. This decrement was observed between 4 and 11
days after infusion of gemtuzumab ozogamicin. Premedication
with paracetamol, promethazine and steroids (methylprednisolone 0,75 mg/kg i.v.) was utilized to prevent the infusionrelated symptoms. Fever occurred about five hours after the second infusion. Non-hematologic toxicity was mild (stomatitis,
grade 1-2 NCI). The patient experienced grade 2-3 anemia, grade
3 neutropenia and grade 4 thrombocytopenia (NCI). There were
no bleeding complications. During the treatment period six units
of red cells and six units of platelets were transfused. Conclusions. GO represents a novel targeted approach to the killing of
leukemia cells.2 It represents another modality of treatment in
old patients with AML. Nevertheless our patient must be considered a non responder, even though a temporary reduction of
CD33+ blast cells occurred. Probably, according to recent
research, GO will be more useful in a consolidation regimen after
the first complete remission.3
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Naples, Italy
Introduction. Rituximab (Mab-thera®) is a chimeric monoclonal antibody against CD20, a surface antigen on both normal
and neoplastic B lymphocytes (Scott, 1998). The efficacy and
safety of the combined treatment of chemotherapy (CT) plus
immunotherapy (IT) have been demonstrated in low grade nonHodgkin lymphoma (NHL) (Maloney et al., 1997), but also in high
grade NHL, chronic lymphocytic leukemia, Waldenström’s
macroglobulinemia and some autoimmune diseases (Cheson,
2002). We present a study on variation after treatment of some
laboratory parameters in patients with NHL treated with CT
plus rituximab. Design and Methods. A retrospective trial was
conducted in 8 patients (7 men and 1 woman; mean age, 54.75±
11.11 years) with B-cell NHL (5 centroblastic-centrocytic, 1 centrocytic, 1 splenic follicular lymphoma and 1 cutaneous lymphoma), treated with CT (7 received 8 courses of CHOP and 1
was treated with a VACOP-B schedule) plus infusion of rituximab
(375 mg/m2) weekly for 4 weeks. In all patients we collected
LDH (expressed as a ratio), erythrocyte/sedimentation rate (ESR),
β2-microglobulin, fibrinogen and ferritin, and then we compared the values found at the diagnosis, after CT and after IT.
Statistical analysis was performed by Student's t-test for paired
data. Results. Mean values ± SD of the considered laboratory
parameters and statistical analysis are reported in the following
table. We observed a progressive decrease of LDH and ESR mean
values after CT and after IT, but the decrease was statistically significant (respectively p<0.05 and p<0.025) only after IT. With
regard to β2-microglobulin, we observed a significant reduction
of mean values already after CT (p<0.025), and a lower decrease
after IT; variations of fibrinogen and ferritin did not result statistically significant in any case. Conclusions. These data show
a significant effect of rituximab on lymphomatous disease,
expressed by the considered parameters: the IT effect is stronger
on LDH and ESR than β2-microglobulin, since a normalization
of this parameter was observed already after CT. While β2microglobulin is an expression of neoplastic mass, LDH and ESR
are more indicative of systemic expression of the disease, so
that the effect of rituximab on these two parameters suggests
a possible role of this drug on minimal residual disease, rather
than neoplastic mass. Finally, we cannot make any remarks on
fibrinogen and ferritin since the mean values at the diagnosis
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resulted normal. The data of our study, even if performed on a
small population, seem to be encouraging and integration of
these considerations with clinical and imaging features should
define the exact role of IT in NHL treatment better.
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SUSCEPTIBILITY OF FRESHLY ISOLATED B-NON HODGKIN’S LYMPHOMA
AND B-CELL CHRONIC LYMPHOCYTC LEUKEMIA TO RITUXIMAB INDUCED
CELLULAR AND COMPLEMENT DEPENDENT LYSIS IN VITRO
Golay J, Gramigna R, Facchinetti V, Broady R,* Borleri G,*
Barbui T,* Rambaldi A,* Introna M
Laboratory of Molecular Immunohaematology, Istituto
Ricerche Farmacologiche Mario Negri, Milano;
°Division of Haematology, Ospedali Riuniti, Bergamo
Current evidence suggests that rituximab works in vivo mainly through complement dependent cytotoxicity (CDC) and antibody dependent cellular cytotoxicity (ADCC). We have shown
previously that, in vitro, rituximab and complement can lyse
freshly isolated neoplastic B cells (B-CLL, PLL and B-NHL) and
that CDC correlates linearly with CD20 expression levels measured either by standard immunofluorescence or using calibrated beads (coefficient = 0.9, p<0.0001). Furthermore we have
shown that the complement inhibitors CD55 and CD59 significantly inhibit complement lysis in vitro. The aim of this work
was to examine the relative contribution of ADCC and CDC
induced by rituximab in vitro using freshly isolated neoplastic B
cells. The Campath-1H antibody was used as an additional control since it is also a humanised IgG1 antibody and its target
antigen is highly expressed on many leukemic cells. As effector
cells peripheral blood mononuclear cells (PBMC), polymorphonuclear cells (PMN) or macrophages (Mø) were used as well
as purified activated primary NK cells. The latter were obtained
according to Perussia et al. (Nat Immun 1987) after coculture of
PBMC with the 8866 cell line for 10-12 days and purification by
negative selection. ADCC of 5 fresh cases of CLL, 2 MCL and 1
PLL was analyzed. Of these samples, 5 expressed relatively high
levels of CD20 (MFI>200) and were killed efficiently with rituximab and complement (40-65%). On the contrary we have found
that none of the samples examined was lysed significantly by
PBMC, PMN or macrophages in presence of rituximab, whereas
they were lysed to 30-70% in presence of the anti-CD52 MAb
Campath-1H and PBMC. Interestingly, using purified activated
peripheral blood NK cells, we could detect significant specific
lysis (15-45%) of all freshly isolated leukemic samples analyzed,
with either rituximab or Campath-1H, even those with relatively low expression levels of CD20. Altogether these data show that
in vitro fresh leukemic samples are lysed more efficiently by CDC
than ADCC, that ADCC in vivo may not be efficient without prior NK cell activation and/or expansion since ADCC with rituximab can be observed only in presence of purified activated
effector NK cells. These results suggest strategies to improve rituximab activity in vivo.
Funding: This project was supported in part by Roche Italia,
Monza, Italy and by the Italian Association for Cancer Research
(AIRC).
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DIFFERENTIAL RESPONSE OF HUMAN MYELOID LEUKEMIA CELLS TO THE
ANTIBODY-TARGETED CHEMOTHERAPY MYLOTARG
Amico D,*§ Barbui A,° Erba E,* Barbui T,° Rambaldi A,°§
Introna M,* Golay J*
*Laboratory of Molecular Immunohaematology, Istituto
Ricerche Farmacologiche “Mario Negri” Milan, Italy;
°Division of Haematology, Ospedali Riuniti, Bergamo, Italy;
§Institute of Internal Medicine, Haematology and Clinical
Immunology, University of Ancona, Italy
Mylotarg (gemtuzumab ozogamicin) is a promising antibodytargeted chemotherapy for the treatment of CD33+ relapsed
acute myeloid leukemia. Mylotarg consists of a humanized antiCD33 antibody conjugated to calicheamicin, a potent anti-tumor
agent of the enediyne family. The mechanism of action of this
drug is still unclear. In this study we have investigated the effects
of Mylotarg on 5 myeloid leukemia lines of different FAB types
(KG1, K562, THP-1, HL-60 and NB4) as well as on acute myeloid
leukemia peripheral blood cells freshly isolated from several
patients. By the use of cell cycle analysis (DNA content cytofluorimetric analysis with PI staining) and an apoptosis test
(TUNEL), we observed that the different cell lines show three
different types of responses. Exposure to Mylotarg (10-1000
ng/mL) induced G2 arrest (90% of the cells) followed by apoptosis (45% of the cells) in HL60 and NB4 cell lines. By contrast
in THP-1 cells we observed a very strong G2 arrest (95% of the
cells) followed by only 10% apoptosis. Finally, the KG1 and K562
cell lines were nearly completely resistant to the same concentrations of Mylotarg. Additional experiments with H3--thymidine uptake and cytotoxicity assay with the Alamar blue test
further support the differential biological effects of Mylotarg on
proliferation and viability. These different responses did not correlate with the levels of expression of either CD33 or P-glycoprotein. Similarly, cells from different patients showed variable
sensitivity to Mylotarg in vitro, suggesting that the different
effects of the drug observed on cell lines could reflect, at least
in part, the variable responses to Mylotarg obtained in vivo. Studies are in progress attempting to identify intracellular pathways
induced by Mylotarg and leading to G2 arrest and/or apoptosis.
Acknowledgments: Mylotarg was kindly provided by WyethAyerst Research Pearl River, New York.
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EXPANSION OF CYTOKINE INDUCED KILLER CELLS FROM
LEUKEMIC SAMPLES
Olioso P,* Giancola R, di Riti M, Pompetti F, Pilla D, Iacone A
*Unità di terapia Intensiva Ematologica Per Il Trapianto
Emopoietico, Dipartimento di Medicina Trasfusionale,
Laboratorio di Terapia Cellulare - Laboratorio Di Biologia
Molecolare; Ospedale Civile dello "Spirito Santo", Pescara, Italy
Cytokine induced killer (CIK) cells represent a novel population of highly efficient cytotoxic effector cells, co-expressing
both the T-cell marker CD3+ and the NK cell marker CD56+, capable of lysing a broad range of tumor cell lines, multidrug-resistant and autologous tumor cells, through a non-MHC-restricted mechanism. Schmidt-Wolf and Negrin were able to generate
Philadelphia-negative and bcr-abl negative CIK cells from CML
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patients with high blood cell counts or blast crisis. In this study
we analyze the fold expansion, immunophenotype and cytotoxic activity of CIK cells generated from 3 patients (2 acute
leukemias at diagnosis and 1 refractory NHL). All patients had
chromosomal abnormalities, which included t (15; 17) and its
molecular equivalent PML/RARα gene fusion, inv (16) and bcl2
overexpression, respectively. Therefore, we studied the persistence of residual tumor-specific aberrations throughout of
expansion. Methods. CIK cells were generated by growing PBLs
in the presence of IFN-γ, followed by OKT3, a monoclonal antibody against CD3, IL-1b and IL-2. Expansion was assessed
between day 21 and 28 and the cytotoxic activity was investigated in lactate dehydrogenase release assay, against K562 and
A-20 tumor cell lines. All cultures were analysed for the presence of abnormal transcripts by RT-PCR from RNA extracted
from PB at the beginning of cell culturing, at days 25 and 35.
Results. The starting cell population contained a variable number of CD3+ T cells with a median of 49% (range 12% to 63%)
and a median of 2.6% CD3+CD56+ cells (range 1.6% to 10%).
After 28 days the median culture was 98.4% viable, the median content of CD3+ cells was 99.6% (range 97% to 99.6%), for
CD3+CD56+ was 50.1% (range 28% to 57.5%). This represents
an expansion of CD3+ cells of 370-fold (range 61- to 1508-fold)
and of CD3+CD56+ 3600-fold (range 111- to 6525-fold).
At a 20:1 and 40:1 effector to target cell ratio, CIK cells killed
45% of the target tumor cells (range 9% to 75%) and 56%
(range 37% to 86%), respectively. Interestingly no molecular
evidence of chromosomal abnormalities, initially observed, was
found following extended culture. Conclusions: These preliminary data show that CIK cells can be expanded from leukemic
samples. Furthermore, all CIK cell cultures appeared to be negative for expression of abnormal transcripts, have potent in vitro cytotoxicity against tumor cell lines; therefore, CIK cells
seemed to be normal cells.
Funding: Supported by Fater, Pescara.
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THE USE OF RITUXIMAB IN THE TREATMENT OF CHRONIC
LYMPHOPROLIFERATIVE DISORDERS
Lambelet P, Loni L, Loni C
II Internal Medicine Service, Versilia Hospital
Introduction. CD20 is a B-cell-restricted antigen that, for the
most part, is expressed from the pre-B-cell to the mature B-cell
stage of B-cell differentiation. Rituximab is an engineered
chimeric human-mouse monoclonal antibody. As a single agent,
in follicular non-Hodgkin’s lymphomas (FLNHLs) rituximab has
shown similar results in several trials with an overall response
rate around 50%, especially in chemotherapy-naïve patients
(Hansworth JD et al., Blood 2000). In one trial in patients with
relapsed or refracted FLNHLs, the combination of INF-α and rituximab yielded a 45% response rate, very similar to that in
patients treatment with rituximab alone, but the median
response duration was around twice the median response duration after rituximab alone (Davis TA et al., Clin Cancer Res 2000).
Several trials of rituximab in combination with CHOP cycle and
fludarabine plus mitoxantrone are ongoing in previously treated patients and the preliminary results are encouraging (Czuczman M, Anti-Cancer Drugs 2000). Rituximab can be used before
stem cell collection to decrease the lymphoma tumour burden
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and in vivo to purge the blood from lymphoma cells or after
autologous stem cell transplantation (ASCT) in order to treat the
residual disease (Buckstein R et al., Semin Oncol 1999). Moreover,
in a trial of rituximab combined with CHOP, the duration of
response seems longer than that usually observed with CHOP
alone (Vose JM et al., J Clin Oncol 2001). Design and Methods.
From November 1999 to May 2002, nineteen patients [10M; 9F,
mean age 62 years, (range 36-81 years)] have been examined:
13 with diagnosis of follicular NHLs, 1 patient with CLL, 3 with
large cell NHL, 1 with mantle cell NHL and 1with multiple myeloma (MM). Twenty-four cycles of rituximab 375 mg/m2 (one time
a week for 4 consecutive weeks), have been administered. Fourteen patients have been received one cycle, 4 patients two cycles
and 1 patient three cycles. Three cycles have been administered
as maintenance after chemotherapy in patients with partial
remission (PR), 1 cycle before ASCT, 2 cycles to treat a patient
with a residual disease, 2 cycles as first line of therapy, 16 cycles
in relapsed phase of disease: 1 patient in fourth relapse, 5
patients in third relapse, 4 patients in second relapse, 6 in first
relapse of disease. In the patient with MM, rituximab was administered in the progression phase after ASCT. In 2 patients antiCD20 treatment has been employed in combination with CHOP,
in one patient in association with fludarabine plus cyclophosphamide, in another with INF-α and in one patient rituximab
was administered in combination with fludarabine plus
cyclophosphamide in the first cycle and with INF-α in the second. Results. After each cycle 12 complete remissions (CRs)
(63%), 4 PRs (21%), 4 no responses (NRs) (21%) were estimated; efficacy of 4 cycles is ongoing. Two of five patients treated
in association are in CR (40%), one is in PR (20%), one patient
is in NR and the last one is still undergoing evaluation. Among
the 14 patients treated with rituximab as a single agent, 7 are
in CR (50%), 2 in NR (22.2%) and 5 patients are undergoing
evaluation. Among the patients treated with rituximab after the
first relapse seven patients obtained CR (70%) and three NR
(30%). All the patients treated with rituximab after the second
relapse presented CR (100%), while those patients treated after
the third relapse showed 40% CR (2 patients), 40% PR (2
patients) and 20% NR (one patient). At present, 9 patients are
in CR (47%), 2 in PR (10.5 %), 4 in NR (21%) and four are under
evaluation. All patients in PR or with residual disease treated
with rituximab are now in CR. Side effects have been mild, only
during treatment did three patients show extensive urticaria.
Discussion. Patients have shown a 50% response rate both to
mono-therapy (50%) and in combination (CR+PR =60%). The
higher response has been evaluated in less heavily pre-treated
patients in first (70%) and in second (100%) relapse, with
respect to the patients in third relapse (40%). The achievement
of CR in patients with PR or in patients with minimal residual
disease confirms the efficacy of rituximab as purging before or
after ASCT in chronic lymphoproliferative disorders.
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Thalidomide is a glutamic acid derivative with anti-angiogenic and immunomodulating properties, which has recently
demonstrated to be active as a single agent in relapsed/refractory multiple myeloma (MM). Furthermore, low dose thalidomide and dexamethasone combination is effective in at least
50% of pts with resistant myeloma. Peripheral neuropathy,
mainly axonal and sensory, has emerged as a principal doselimiting side effect of long-term thalidomide treatment. In order
to evaluate a possible drug-induced neurotoxicity we performed
a prospective study based on clinical and electrodiagnostic follow-up of MM patients treated with thalidomide. Twenty-three
relapsed/refractory patients (17 men and 6 women), median age
63.5 years (range 54-80) were enrolled in an open-label trial of
oral low-dose thalidomide (100-200 mg/day) plus dexamethasone (40 mg, day 1-4, every month) with neurologic examination and nerve conduction study (NCS) at time 0 (before treatment) and every three month during therapy. Neurologic examination included grading of symptoms, signs and NCS according
to the total neuropathy score (TNS). NCS also included recording of sensory nerve potentials (SNAPs) and conduction velocity (CV) from median, radial and sural nerves, and motor nerve
action potentials (MNAPs), CV and F waves from median, ulnar,
tibial and peroneal nerves. Before treatment two patients
showed signs of axonal demyelinating neuropathy, and one
patient a pure axonal neuropathy. At three month we did not
detect any clinical or electrophysiological changes in the patients
studied. Only five pts underwent the six-month control and none
showed pathological changes. These preliminary results suggest
that drug-induced neuropathy may represent an uncommon
complication of low-dose thalidomide plus dexamethasone
treatment in MM pts. Further studies are warranted to evaluate
long-term neurotoxicity of this association.

PO146
THALIDOMIDE AND INTERMEDIATE-DOSE DEXAMETHASONE IN AL
AMYLOIDOSIS
Palladini G, Perfetti V, Musumeci S, Semino A, Merlini G°
Internal Medicine and Medical Oncology and °Biotechnology
Research Laboratories, Department of Biochemistry, University
of Pavia-IRCCS Policlinico S. Matteo, P. le Golgi 2, 27100 Pavia,
Italy
Thalidomide is effective in refractory and relapsed multiple
myeloma1,2 and it overcomes drug resistance of myeloma plasma cells in vitro synergistically with dexamethasone.3 We evaluated an association of thalidomide and intermediate-dose dexamethasone in patients with AL amyloidosis who did not respond
to, or relapsed after, first line therapy. Dexamethasone was
administered cyclically (20 mg orally on days 1-4, every 21 days),
while thalidomide was given continuously (100 mg daily orally,
with 100 mg increment every 2 weeks if well tolerated, up to 400
mg). During dexamethasone administration and the following six
days, patients were given antibiotic (ciprofloxacin 250 mg bid)
and antimycotic (itraconazole 100 mg/day) profilaxis. Patients
were evaluated for response every two months and after
thalidomide discontinuation. Response to treatment was defined
as >50% decrease in serum and urine monoclonal protein.4
Monthly Holter electrocardiograms and neurological evaluations
were performed, to detect possible adverse reactions. Adverse
events were classified according the National Cancer Institute’s

137

Common Toxicity Criteria ( CTC, version 2.0). Seventeen patients
were studied (10 males; median age 62 years, range: 34-71).
Previous treatment was melphalan (M) and prednisone in 11
patients, high dose M and autologous stem cell transplantation
(ASCT) in 5 and high-dose dexamethasone in 1. The dominant
clinical manifestation was due to kidney involvement in 8
patients, to heart involvement in 6, and to skin and gastrointestinal involvement in 2 and 1 patient, respectively. The monoclonal component was λ in 13 patients. Three patients died,
from renal failure, sudden death and heart failure after 6, 7 and
4 months, respectively. Median follow-up of living patients is 9
months (range: 1-15). Ten patients (59%) responded to treatment (3/5 who had previously had ASCT). In 3 patients (18%) the
monoclonal component disappeared at high resolution
immunofixation. In 4 patients with renal amyloidosis, a >50%
reduction of proteinuria was observed. Median time to response
was 3.4 months (range, 2.5-8). Thirteen patients (76%) experienced severe (CTC grade 3-4) adverse events: bradycardia (#5),
sedation/fatigue (#3), constipation (#2), deep venous thrombosis (#1), acute dyspnea (not pulmonary embolism) (#1), rash
(#1). In 11 patients (65%) treatment was interrupted due to
adverse reactions after a median time of 2.8 months (0.5-6.9).
Bradycardia, fatigue and constipation disappeared after thalidomide discontinuation. Only 6 patients reached the 400 mg
thalidomide dose, all of them responded. Four patients could
not exceed 100 mg and none of them responded. Three of the 4
patients who stopped the escalation at 300 mg and 1 of the
three who stopped at 200 mg responded to therapy. In conclusion, this regimen provides a high response rate and a rapid
response time, however three quarters of patients experience
severe adverse events. Severe bradycardia emerges as a common
side effect to thalidomide in patients with AL amyloidosis, thus
monthly controls of Holter electrocardiogram should be performed when using this drug. Accumulating evidence suggests
that the response rate to the association of thalidomide and
intermediate-dose dexamethasone (59%) compares favorably
with that of high-dose dexamethasone reported by our group
(35%).5 However, the unexpectedly high frequency of severe
adverse reactions to thalidomide discourages proposing this regimen as first-line therapy. Response appears to depend on the
dose of thalidomide reached and/or on the time thalidomide
administration can be continued.
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PO147
IMMUNOTHERAPY OF PLASMA CELL PRECURSORS IN AMYLOIDOSIS:
A PILOT STUDY WITH ANTI-CD20 ANTIBODY RITUXIMAB (MABTHERA)
Perfetti V, Palladini G, Regazzi Bonora M,* Musumeci S,
Semino A, Merlini G°
Internal Medicine and Medical Oncology,°Biotechnology
Research Laboratories-Department of Biochemistry;
*Institute of Pharmacology, IRCCS Policlinico San Matteo
and University of Pavia, P.le Golgi 2, Pavia, Italy
In primary (AL) amyloidosis, monoclonal plasma cells resident
in the bone marrow secrete structurally altered light chains that
form amyloid fibrils in various organs.1 The disease may be
extremely aggressive, particularly in patients with dominant
heart involvement, and is frequently characterized by chemoresistance. New therapeutic strategies bypassing the usual mechanisms of drug resistance should be considered and
immunotherapy may be an option. Experimental evidence suggests that the amyloidogenic bone marrow plasma cells are generated via differentiation of mature B-lymphocytes circulating
in the peripheral blood (clonal precursors), and there is reason
to believe that eradication of these latter cells might provide
substantial therapeutic benefit. Clonal precursors express markers, such as CD19-CD20-CD22, that may be targeted with monoclonal antibodies.2,3 Indeed, pre-incubation with antiCD22/anti-saporin bispecific antibodies inhibited the differentiation of circulating mature B-lymphocytes to clonal plasma
cells in vitro,3 while this immunotoxin induced a profound and
sustained reduction of marrow clonal plasma cells in the single
patient treated experimentally.1 Unfortunately, the development
of strong human anti-mouse and anti-toxin antibody response
hampered the full exploitation of this approach. The commercial
availability of the chimeric anti-CD20 antibody rituximab
(Mabthera, Roche), an unconjugated monospecific reagent with
very low immunogenicity, prompted us to initiate a pilot study
in a small group of patients with chemoresistant disease. The primary aim was feasibility, and secondarily, efficacy. Eligibility criteria were: plasma cells negativity for CD20 (immunotherapy
was intended to target the clonal precursors), performance status 0-3 (ECOG), NYHA class ≤ 2, ANC>1500/ml, PLT>75000/ml,
HBsAg and HIV negativity. Rituximab (375 mg/m2) was administered for 8 consecutive weekly infusions. Premedication with
methylprednisone and anti-hystaminics was used. Patients were
intended to be followed-up at 3, 6 and 12 months, or till progression. Five pts were enrolled (4 of them chemoresistant to one
or more therapeutic regimens), and clinical characteristics and
results are shown in Table 1. In all cases, disappearance of
CD20/CD19 lymphocytes from peripheral blood was obtained
soon after the first infusion and maintained throughout treatment. Pharmacokinetic studies showed that significant plasma
concentrations of rituximab were achieved after the first administration and maintained for at least 6 months after treatment,
indicating a very slow clearance. Depression of polyclonal
immunoglobulin was limited and involved only IgM. Given the
fragile nature of amyloid patients, therapy has been surprisingly very well tolerated and only grade I asthenia has been recorded during infusion. Patient CM had an E. coli sepsis that was
treated successfully four months after the end of treatment. No
other side effects or adverse events were recorded. Three of 5
patients displayed reductions of marrow plasma cell infiltrate
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(reductions between 70 to 90%). Patient CM observed disappearance of circulating clonal lymphoplasmacytoid cells (CD138
bright) too. One patient remained stable and only one of five progressed. However, responses appear to be transient (Table 1),
and they were not accompanied by significant decrease of the
monoclonal component. For this reason, the last treated patient
(DA, Table 1), was followed-up only for three months despite
response, and was subsequently enrolled in a transplantation
programm. In conclusion, this pilot trail demonstrates that
patients with advanced amyloidosis can tolerate anti-CD20
treatment. Pharmacokinetics studies shows that this schedule
obtains significant concentrations of Rituximab for at least 6
months, with substantial decrease of CD20 circulating lymphocytes. Given the limited number of patients analysed, it is difficult to draw conclusions on efficacy. The results indicate that
immunotherapy of plasma cell precursors with Rituximab may
provide some transient benefit, and that this effect may be synergized by combination chemotherapy.

Table 1. Immunotherapy of amyloid plasma cell precursors with antiCD20 (Rituximab).

Patient Patient characteristics

Response

CS

f., 62 y., heart involvement, resistant to MP
and HD-Dex. IgGk plus BJk.

Transient reduction of BMPC (4%Æ1% after 3
months, →5% after 6 months), MC stable.

CM

m., 59 y., heart and ANS involvement, resistant
to chlorambucil and CHOP. IgMk plus BJk

Transient reduction of BMPC (19→2% after
1 month, →10% after 3 months), MC stable.

SE

f., 60 y., kidney involvement, resistant to MP
and HD-Dex. IgGλ plus BJλ

BMPC and MC stable after 6 months.

RS

f., 75 y., kidney involvement, resistant to
HD-Dex. IgGλ plus BJλ.

Increase of BMPC (1→8% after 3 months)
and MC (5→13 g/L).

DA

f., 55 y., soft tissues involvement.
IgMλ plus BJλ.

Reduction of BMPC (15→5% after 3 months)
and MC (15→11 g/L), and disappearance of
deep abdominal lymphadenomegaly.
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PO148
LOW DOSE THALIDOMIDE PLUS DEXAMETHASONE IS EFFECTIVE IN
RELAPSED/REFRACTORY MULTIPLE MYELOMA: A SINGLE CENTER
EXPERIENCE
Caravita T, Siniscalchi A, Santinelli S, Tamburini A, Maurillo L,
Franchi A, Masi M, Amadori S
Hematology, University Tor Vergata, St. Eugenio Hospital, Rome
Thalidomide is a promising new drug for relapsed/refractory
multiple myeloma (MM). Literature data show prolonged survival
in patients (pts) treated with thalidomide, but the optimal schedule, dosage and association with other drugs is still not established. The association of thalidomide with dexamethasone
seems to be highly effective in advanced MM and even in pts
previously resistant to dexamethasone. Between January 2001
and April 2002, twenty-three patients (6 females and 17 males)
with relapsed/refractory MM were enrolled in an open-label trial of oral low dose thalidomide (100-200 mg/day) plus dexamethasone (40 mg, days 1-4, every month). The main pre- thalidomide treatment characteristics were the following: median age
63.5 years (range 54-80); median β2microglobulin 3.2 mg/L
(range 1.2-14.2); median bone marrow plasma cell infiltration
25% (range 5-90); median Hb 10.7 g/dL (range 7.2-14.7). Seven pts were previously treated with autologous stem cell transplantation, while 16 pts had received more than two chemotherapy regimens. Median time from MM diagnosis to thalidomide
treatment was 31.5 months (range 5-119). A total of 22 pts
were evaluable with a median follow up of 4 months (range 114). One patient was not evaluable because of early withdrawal (<15 days) due to progression. After one-month treatment, a
clinical response was observed in 16 pts (72.7%); 4 pts had stable disease and 2 a disease progression. The overall survival at 4
months was 58% and the progression free survival was 50%.
Low dose thalidomide plus dexamethasone was well tolerated
and only a minor toxicity was recorded in 6 pts (mild drowsiness
and constipation). Data analysis did not show any correlation
between pre-treatment characteristic and response to therapy.
In conclusion, our results show that low dose thalidomide plus
dexamethasone is highly effective and very well tolerated in pts
with relapsed/refractory MM. This regimen may produce rapid
and frequent responses. Further studies and a longer follow-up
are warranted to evaluate the duration of responses, the effect
on survival and possible long-term side effects.

PO149
THALIDOMIDE ALONE OR IN COMBINATION WITH DEXAMETHASONE IN
PATIENTS WITH ADVANCED, RELAPSED/REFRACTORY MULTIPLE MYELOMA
AND CHRONIC RENAL FAILURE
Tosi P, Zamagni E, Cellini C, Cangini D, Tura S,
Baccarani M, Cavo M
Institute of Hematology and Medical Oncology “Seràgnoli”
University of Bologna, Italy
Background and Objectives. Salvage therapy of patients with
advanced, relapsed and refractory multiple myeloma (MM) is
often limited by poor marrow reserve and multi-organ impairment. In particular, renal failure occurs in up to 50% of such
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patients, and this further limits the use of conventional
chemotherapy. Thalidomide, both alone and in combination with
dexamethasone, was demonstrated to be useful in patients with
advanced MM, as responses could be achieved in 30-60% of
the cases. The aim of the present study was to evaluate thalidomide in patients with advanced MM and renal failure. Design and
Methods. From May 2000 to November 2001, 13 consecutive
MM patients (11 male, 2 female, median age 69 years) with
stage III relapsed/refractory MM and renal failure, defined as
serum creatinine > 130mmol/L, gave their informed consent to
be enrolled in a clinical trial aimed at evaluating the efficacy and
the toxic effects of thalidomide. Two patient were undergoing
chronic hemodialysis at study entry. Seven patients have been
treated with thalidomide as a single agent, at a starting dose of
100mg/day, which was to be increased to 400mg/day in case of
good tolerance. Six patients have been treated with thalidomide
as above plus dexamethasone 40mg/day for 4 consecutive days
every 4 weeks. Results. A > 50% decrease in serum or urine M
component was observed in 5 patients (38%), 4 of whom have
been treated with thalidomide+ dexamethasone and one with
thalidomide alone. Five additional patients achieved a minor
esponse (>25% paraprotein decrease); the total response rate
was thus 76.9%. Median response duration was 7 months (range
2-20 months). Three patients were refractory to treatment.
Recovery of a normal renal function was observed in 7 out of 10
responsive patients, two additional patients, in chronic
hemodialysis, showed a reduction of serum creatinine. The toxicity profile of thalidomide ± dexamethasone was comparable to
that observed in patients with normal renal function. Interpretation and conclusion. Our data show that thalidomide can be
safely administered to patients with advanced MM and renal
failure.

PO150
GRANULOCYTE-MONOCYTE COLONY-STIMULATING FACTOR IN
DNA VACCINATION AGAINST LYMPHOMA
Liso A, Benedetti R, Fagioli M, Mariano A, Tiacci E,
Falini B
Sezione di Ematologia ed Immunologia Clinica, Università di
Perugia
Growth factors are molecules with complex functions. Recombinant GM-CSF is the growth factor most widely used to augment immune responses in recombinant protein-based vaccination strategies. However, there is increasing concern regarding
the immunosuppressive effects associated with administration
of GM-CSF protein at high doses (Ageitos et al. 1997; Bone Marrow Transplant 20:117). Moreover, development of anti-GM-CSF
antibody has been reported in patients injected with human
GM-CSF recombinant protein (Ullenhag et al. 2001; Clin
Immunol 1999:65). A potential solution to these problems is the
use of DNA vaccines. DNA encoding Id/GM-CSF fusion protein
has been previously shown to effectively improve vaccine efficacy in B cell lymphoma tumor models (Syringelas et al. 1996,
Nat Med 2:1038). However, data obtained in a single model do
not always represent what happens in patients due to obvious
experimental variables. For this reason we investigated in vivo
how DNA vaccine administration schedules and tumor challenge influence immune response to 38C13 murine B cell lym-
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phoma. Our results provide evidence that the time schedule for
vaccination is not critical, in fact weekly vaccination gave protection similar to that obtained with three-weekly administration. Moreover we found that in both vaccination schedules the
immunostimulatory effect of GM-CSF was only seen with low
tumor burden (1000 cells s.c.). Even the dosage of plasmid was
very important; surprisingly lower doses of plasmid are not efficacious with respect to survival (50µg Vs 100µγ per injection).
We conclude that GM-CSF has a narrow therapeutic window
with regards to the dose of DNA plasmid and tumor challenge
employed. Further studies are required to explore the possibility of using low doses of GM-CSF in combination with other
immunostimulants.
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