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Haematologica publishes monthly Editorials, Original
Papers, Reviews and Scientific Correspondence on sub-
jects regarding experimental, laboratory and clinical
hematology. Editorials and Reviews are normally solicit-
ed by the Editor, but suitable papers of this type may be
submitted for consideration. Appropriate papers are pub-
lished under the headings Decision Making and Problem
Solving and Molecular Basis of Disease.

Review and Action. Submission of a paper implies
that neither the article nor any essential part of it has
been or will be published or submitted for publication else-
where before appearing in Haematologica. Each paper
submitted for publication is first assigned by the Editor to
an appropriate Associate Editor who has knowledge of
the field discussed in the manuscript. The first step of
manuscript selection takes place entirely inhouse and has
two major objectives: a) to establish the article’s appro-
priateness for the Haematologica’s readership; b) to
define the manuscripts priority ranking relative to other
manuscripts under consideration, since the number of
papers that the journal receives is greater than that it can
publish. Manuscripts that are considered to be either
unsuitable for the journal’s readership or low-priority in
comparison with other papers under evaluation will not
undergo external in-depth review. Authors of these papers
are notified promptly; within about 2 weeks, that their
manuscript cannot be accepted for publication. The
remaining articles are reviewed by at least two different
external referees (second step or classical peer-review).
After this peer evaluation, the final decision on a paper's
acceptability for publication is made in conjunction by the
Associate Editor and one the Editors, and this decision is
then transmitted to the authors.

Conflict of Interest Policies. Before final acceptance,
authors of research papers or reviews will be asked to
sign the following conflict of interest statement: Please
provide any pertinent information about the authors’ per-
sonal or professional situation that might affect or appear
to affect your views on the subject. In particular, disclose
any financial support by companies interested in products
or processes involved in the work described. A note in the
printed paper will indicate that the authors have disclosed
a potential conflict of interest. Reviewers are regularly
asked to sign the following conflict of interest statement:
Please indicate whether you have any relationship (per-
sonal or professional situation, in particular any financial
interest) that might affect or appear to affect your judg-
ment. Research articles or reviews written by Editorial
Board Members  are regularly processed by the Editor-in-
Chief and/or the Executive Editor.

Time to publication. Haematologica strives to be a
forum for rapid exchange of new observations and ideas
in hematology. As such, our objective is to review a paper
in 4 weeks and communicate the editorial decision by fax
within one month of submission. However, it must be not-
ed that Haematologica strongly encourages authors to
send their papers via Internet. Haematologica think that
this way should be more reliable for a rapid publication of
the manuscripts, so papers sent using our Internet Sub-
mission page will be processed in 2-3 weeks and then
immediately published (upon acceptability) on our web
site. Papers sent via regular mail or otherwise are expect-
ed to be processed in more time. Detailed instructions for
electronic submission are available at
http://www.haematologica.it.

Submit papers to:
http://www.haematologica.it/submission

or
the Editorial Office, Haematologica, Strada Nuova 134, 

27100 Pavia, Italy

Manuscript preparation. Manuscripts must be writ-
ten in English. Manuscripts with inconsistent spelling will
be unified by the English Editor. Manuscripts should be
prepared according to the Uniform Requirements for Man-
uscripts Submitted to Biomedical Journals, N Engl J Med

1997; 336:309-15; the most recent version of the Uni-
form Requirements can be found on the following web site:
http://www.ama-assn.org/public/peer/wame/uniform.htm 

With respect to traditional mail submission, manuscripts,
including tables and figures, should be sent in triplicate to
facilitate rapid reference. In order to accelerate process-
ing, author(s) should also enclose a 3.5” diskette (MS-DOS
or Macintosh) containing the manuscript text; if the paper
includes computerized graphs, the diskette should contain
these documents as well. Computer programs employed
to prepare the above documents should be listed. 

Title Page. The first page of the manuscript must con-
tain: (a) title, name and surname of the authors; (b) names
of the institution(s) where the research was carried out;
(c) a running title of no more than 50 letters; (d) acknowl-
edgments; (e) the name and full postal address of the
author to whom correspondence regarding the manu-
script as well as requests for abstracts should be sent.
To accelerate communication, phone, fax number and e-
mail address of the corresponding author should also be
included.

Abstract. The second page should carry an informative
abstract of no more than 250 words which should be
intelligible without reference to the text. Original paper
abstracts must be structured as follows: background and
objective, design and methods, results, interpretation and
conclusions. Add three to five key words.

Editorials should be concise. No particular format is
required for these articles, which should not include a
summary.

Original Papers should normally be divided into
abstract, introduction, design and methods, results, dis-
cussion and references.

The section Decision Making and Problem Solving pre-
sents papers on health decision science specifically
regarding hematologic problems. Suitable papers will
include those dealing with public health, computer sci-
ence and cognitive science. This section may also include
guidelines for diagnosis and treatment of hematologic
disorders and position papers by scientific societies.

Reviews provide a comprehensive overview of issues
of current interest. No particular format is required but
the text should be preceded by an abstract which should
be structured as follows: background and objective, evi-
dence and information sources, state of art, perspec-
tives. Within review articles, Haematologica gives top pri-
ority to: a) papers on molecular hematology to be pub-
lished in the section Molecular basis of disease; b) papers
on clinical problems analyzed according to the method-
ology typical of Evidence-Based Medicine.

Scientific Correspondence should be no longer than
500 words (a word count should be included by the
authors), can include one or two figures or tables, and
should not contain more than ten strictly relevant refer-
ences. Letters should have a short abstract (≤ 50 words)
as an introductory paragraph, and should be signed by no
more than six authors. Correspondence, i.e. comments
on articles published in the Journal will only appear in our
Internet edition. Pictures of particular interest will be pub-
lished in appropriate spaces within the journal.

Tables and Illustrations. Tables and illustrations must be
constructed in consideration of the size of the Journal and
without repetitions. They should be sent in triplicate with
each table typed on a separate page, progressively num-
bered with Arabic numerals and accompanied by a caption
in English. All illustrations (graphs, drawings, schemes and
photographs) must be progressively numbered with Arabic
numerals. In place of original drawings, roentgenograms,
or other materials, send sharp glossy black-and-white pho-
tographic prints, ideally 13 by 18 cm but no larger than 20
by 25 cm. In preparing illustrations, the final base should
be considered the width of a single column, i.e. 8 cm (larg-
er illustrations will be accepted only in special cases). Let-
ters and numbers should be large enough to remain legi-
ble (> 1 mm) after the figure has been reduced to fit the
width of a single column. In preparing composite illustra-
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tions, each section should be marked with a small letter in
the bottom left corner. Legends for illustrations should be
typewritten on a separate page. Authors are also encour-
aged to submit illustrations as electronic files together with
the manuscript text (please, provide what kind of comput-
er and software employed).

Units of measurement. All hematologic and clinical
chemistry measurements should be reported in the met-
ric system according to the International System of Units
(SI) (Ann Intern Med 1987; 106:114-29). Alternative non-
SI units may be given in addition. Authors are required to
use the standardized format for abbreviations and units
of the International Committee for Standardization in
Hematology when expressing blood count results (Haema-
tologica 1991; 76:166).

References should be prepared according to the Van-
couver style (for details see: http://www.ama-assn.org/
public/peer/wame/uniform.htm or also N Engl J Med
1997; 336:309-15). References must be numbered con-
secutively in the order in which they are first cited in the text,
and they must be identified in the text by Arabic numerals
(in parentheses). Journal abbreviations are those of the List
of the Journals Indexed, printed annually in the January issue
of the Index Medicus [this list (about 1.3 Mb) can also be
obtained on Internet through the US National Library of Med-
icine website, at the following world-wide-web address:
http://www.nlm.nih.gov/tsd/serials/lji.html). 

List all authors when six or fewer; when seven or more,
list only the first three and add et al. Examples of correct
forms of references follow (please note that the last page
must be indicated with the minimum number of digits):

Journals (standard journal article,1,2 corporate author,3
no author given,4 journal supplement5):

1. Najfeld V, Zucker-Franklin D, Adamson J, Singer J,
Troy K, Fialkow PJ. Evidence for clonal development
and stem cell origin of M7 megakaryocytic leukemia.
Leukemia 1988; 2:351-7.

2. Burgess AW, Begley CG, Johnson GR, et al. Purifi-
cation and properties of bacterially synthesized
human granulocyte-macrophage colony stimulating
factor. Blood 1987; 69:43-51.

3. The Royal Marsden Hospital Bone-Marrow Trans-
plantation Team. Failure of syngeneic bone-marrow
graft without preconditioning in post-hepatitis mar-
row aplasia. Lancet 1977; 2:242-4.

4. Anonymous. Red cell aplasia [editorial]. Lancet
1982; 1:546-7.

5. Karlsson S, Humphries RK, Gluzman Y, Nienhuis AW.
Transfer of genes into hemopoietic cells using
recombinant DNA viruses [abstract]. Blood 1984;
64(Suppl 1):58a.

Books and other monographs (personal authors,6,7 chap-
ter in a book,8 published proceeding paper,9 abstract
book,10 monograph in a series,11 agency publication12):

6. Ferrata A, Storti E. Le malattie del sangue. 2nd ed.
Milano: Vallardi; 1958.

7. Hillman RS, Finch CA. Red cell manual. 5th ed.
Philadelphia: FA Davis; 1985.

8. Bottomley SS. Sideroblastic anaemia. In: Jacobs A,
Worwood M, eds. Iron in biochemistry and medicine,
II. London: Academic Press; 1980. p. 363-92.

9. DuPont B. Bone marrow transplantation in severe
combined immunodeficiency with an unrelated MLC
compatible donor. In: White HJ, Smith R, eds. Pro-

ceedings of the third annual meeting of the Interna-
tional Society for Experimental Hematology. Hous-
ton: International Society for Experimental Hema-
tology; 1974. p. 44-6.

10. Bieber MM, Kaplan HS. T-cell inhibitor in the sera of
untreated patients with Hodgkin’s disease [abstract].
Paper presented at the International Conference on
Malignant Lymphoma Current Status and Prospects,
Lugano, 1981:15.

11. Worwood M. Serum ferritin. In: Cook JD, ed. Iron.
New York: Churchill Livingstone; 1980. p. 59-89.
(Chanarin I, Beutler E, Brown EB, Jacobs A, eds.
Methods in hematology; vol 1).

12. Ranofsky AL. Surgical operation in short-stay hospi-
tals: United States-1975. Hyattsville, Maryland:
National Center for Health Statistics; 1978. DHEW
publication no. (PHS) 78-1785, (Vital and health sta-
tistics; series 13; no. 34).

References to Personal Communications and Unpub-
lished Data should be incorporated in the text and not
placed under the numbered References. Please type the
references exactly as indicated above and avoid useless
punctuation (e.g. periods after the  initials of authors’
names or journal abbreviations).

Galley Proofs and Reprints. Galley proofs should be
corrected and returned by fax or express delivery within 72
hours. Minor corrections or reasonable additions are per-
mitted; however, excessive alterations will be charged to
the authors. Papers accepted for publication will be print-
ed without cost. The cost of printing color figures will be
communicated upon request. Reprints may be ordered at
cost by returning the appropriate form sent by the pub-
lisher.

Transfer of Copyright and Permission to Repro-
duce Parts of Published Papers. Authors will grant
copyright of their articles to the Ferrata Storti Foundation.
No formal permission will be required to reproduce parts
(tables or illustrations) of published papers, provided the
source is quoted appropriately and reproduction has no
commercial intent. Reproductions with commercial intent
will require written permission and payment of royalties.

For additional information, the scientific staff
of Haematologica can be reached through:

mailing address: Haematologica, Strada Nuova
134, I-27100 Pavia, Italy. Tel. +39.0382.531182.

Fax +39.0382.27721.
e-mail: editorialoffice@haematologica.it

web: http://www.haematologica.it
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USE OF ANTI-BCL 2 ANTISENSE OLIGONUCLEOTIDES IN
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Warrell R
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INDUCTION OF DIFFERENTIATION OF ACUTE MYELOID
LEUKEMIA BLASTS “IN VITRO”

Nervi C, Ferrara FF, Fazi F, Bianchini A, Padula F,
Gelmetti V, Pelicci PG, Lo Coco F
Dipartimenti di Istologia ed Embriologia Medica e di Biotec-
nologie Cellulari ed Ematologia, Università “La Sapienza”,
Rome, Italy; Istituto Europeo di Oncologia, Milano, Italy 

Acute promyelocytic leukemia (APL) is a prototype of
successful differentiating therapy with retinoic acid (RA)
and is characterized by alteration of the RA signaling path-
way.In fact, in vitro studies have shown that APL fusion
protein(s) are able to aberrantly recruit a transcriptional
repressive complex containing histone deacetylase activities
(HDACs) to the response elements of RA target genes.
Such molecular features, which account for the differentia-
tion block underlying APL pathogenesis seem not restrict-
ed to APL, having been recently described also in other
AMLs. In fact, a complex containing HDAC activity is
recruited by AML1/ETO, the oncoprotein resulting from
the t(8;21) chromosomal translocation associated with
AML-M2. Furthermore, RA and nuclear hormone recep-
tors transcriptional co-regulators with putative HAT activ-
ities (such as p300, CBP, MOZ and TIF2), are present in

chromosomal rearrangements associated with some AML-
M4 and M5 cases. In addition, a number of recent pieces
evidences from several laboratories indicate a pivotal role for
the RA receptor signaling pathway in regulating normal
myelopoiesis. Together, these findings suggest that modifi-
cation of HDAC activities resulting in altered chromatin
structure at the level of RA target promoters and genes
might represent a general mechanism associated with non-
M3 AML pathogenesis. We therefore analyzed, in AML
cell lines and cytogenetically characterized primary cells from
23 M2 or M4 AML patients, the effect of RA and HDAC
inhibitors, tricostatin A (TSA) and sodium phenylbutyrate
as single agents or in combination. In all cases, TSA treat-
ment was able to restore or potentiate the effect of RA on
granulocytic differentiation. This event occurred irrespec-
tively of the presence or absence of known genetic lesions
through the modification of the acetylation status of H3 and
H4 histones. This in turn, resulted in the restoration of the
RA-dependent transcriptional activation of specific RA-
responsive promoter activities and target gene expression.
In addition, we found that the AML1/ETO, the common-
est AML-associated fusion protein, acts as an HDAC-
dependent repressor of RA-signaling. These findings relate
alteration of the RA-pathway to myeloid leukemogenesis
and underscore the potential of transcriptional /differentia-
tion therapy in AML.

05
OLIGOMERIZATION OF TRANSCRIPTION FACTORS IN
ACUTE MYELOID LEUKEMIAS

Minucci S, Pelicci PG
European Institute of Oncology, Department of Experimental
Oncology, Milan, Italy

RAR and AML1 transcription factors are found in acute
myeloid leukemias (AMLs) as fusion proteins with PML
and ETO, respectively. Association of PML-RAR and
AML1-ETO with the nuclear co-repressor (NCoR)/his-
tone deacetylase (HDAC) complex is required to block
hematopoietic differentiation. We show that PML-RAR
exists in vivo within high molecular weight (HMW) nuclear
complexes, reflecting its oligomeric state. Oligomerization
requires the coiled coil region of PML, and is responsible for
abnormal recruitment of NCoR, transcriptional repression,
and impaired differentiation of primary hematopoietic pre-
cursors. Fusion of RAR to an heterologous oligomerization
domain recapitulated the properties of PML-RAR, indi-
cating that oligomerization per se is sufficient to achieve
transforming potential. Other chromosomal translocation
partners of RAR in AML (PLZF, NPM, NuMA, STAT5)
are also found as oligomers, and they are found to contribute
their oligomerization domain to the corresponding fusion
proteins (PLZF-RAR, NPM-RAR, NuMA-RAR, and
STAT5-RAR, respectively). Strikingly, oligomerization of
AML1 through a self-association domain of ETO is also
required for abnormal transcriptional regulation, and
impaired differentiation of primary hematopoietic precur-
sors. These results show that oligomerization of a tran-
scription factor, imposing an altered interaction with tran-
scriptional co-regulators, represents a novel mechanism of
oncogenic activation.
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06
IN VIVO RESISTANCE OF HUMAN BCR/ABL+ LEUKEMIC
CELLS TO THE ABL INHIBITOR STI571 MEDIATED BY
ALPHA 1 ACIDIC GLYCOPROTEIN

Gambacorti-Passerini C, Barni R, leCoutre P, Zucchetti
M, Cabrita G, Cleris L, Rossi F, Gianazza E, Pioltelli P,
Pogliani E, Corneo GM, Formelli F, D’Incalci M
Dept. of Experimental Oncology, Istituto Nazionale Tumori,
Milano, Italy; Mario Negri Institute for Pharmacological
Research, Milano, Italy; University of Milano, Department of
Pharmacological Sciences, Milano, Italy; Section of Hematol-
ogy, University of Milano Bicocca, S.Gerardo Hospital, Mon-
za, Italy

STI571 (formerly known as CGP57148B) is a potent
inhibitor of bcr/abl, an oncogenic fusion protein that causes
chronic myeloid leukemia (CML). We previously showed
that STI571 can cure mice injected with human BCR/ABL+
leukemic cells, if continuous inhibition of the kinase activi-
ty of bcr/abl is maintained. This model was used to study the
possible development of resistance to STI571. Nude mice
were injected with the Bcr/Abl-positive human leukemic line
KU812. Tumor-bearing mice were treated orally with
STI571 according to three different time schedules (1, 8 and
15 days after the s.c. injection of 50x106 KU812 cells).
Leukemic cells were recovered from relapsing animals and
used for in vitro experiments. Tumor reduction was observed
in all animals; however cure rates decreased in the three
groups from 100% to 0%. Relapsed animals did not respond
to further treatment, and the bcr/abl kinase activity was not
inhibited by STI571 administration in these mice, although
plasma concentrations as high as 10 µM were obtained.
Tumors from relapsed, resistant animals, showed in vitro
IC50 (0.1-0.3 µM) not significantly different from that of
the parental KU812 line. These results were compatible with
the presence of a binding factor in the plasma of relapsed
animals. A number of proteins were tested in vitro for their
ability to inhibit the biological activity of STI571. While
albumin did not substantially influence STI571 activity, 1
acidic glycoprotein (AGP) did at physiologic concentrations,
increasing the IC50 for STI571 up to 90 fold. AGP also
inhibited the effect of STI571 on bcr/abl phosphorylation in
vitro. The association constant (Ka) for specific binding to
STI571 was calculated and found to be 21 times higher for
AGP than for albumin. AGP levels were measured in mice
by an immunoassay: a strong correlation was found between
tumor load and AGP concentrations. In addition, pretreat-
ment with STI571 in vivo also increased AGP plasma lev-
els. These results suggest that rising AGP levels, induced
either by the tumor or by the treatment itself, were respon-
sible for the development of resistance to STI571. Several
compounds able to competitively bind AGP were tested.
Erythromycin (at 5-30 µM) reverted the blockage of STI571
activity operated by AGP in vitro (proliferation and phos-
phorylation assays), and had no activity by itself. Ery-
thromycin was therefore co-administered (350 mg/kg p.o.)
with STI571 (160 mg/kg p.o.) every 8 hours for 21 days to
animals bearing large tumors. The tumors in all animals ini-
tially shrunk; however the animals receiving the combined
treatment experienced a faster and greater tumor reduction,
a higher percent of animals with disappearance of tumors
(14/15 vs. 5/15) and a larger fraction of mice obtaining long-

term tumor-free survival (10/12 vs. 1/13 at day 180, p
<0.001). AGP binds STI571 and can significantly inhibit its
biological activity both in vitro and in vivo; erythromycin
competes with STI571 for AGP binding and increases its
biological activity both in vitro and in vivo. Data from CML
patients treated with STI571, which are compatible with the
above reported model, will also be presented. In addition,
results obtained in vitro will be presented and discussed.
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G. Draetta

SIES-GITMO Symposium
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Chairmen: J. Ferrara, M.F. Martelli

08
PLASTICITY OF ADULT STEM CELLS: NEW EXPERIMENTAL
STRATEGIES AND CLINICAL APPLICATIONS

Magli MC, Giorgetti A, Levantini E
Istituto di Mutagenesi e Differenziamento, CNR, Area della
Ricerca di Pisa, Italy

Somatic tissue-derived stem cells of mammalian adults
have been traditionally viewed as pluripotent precursors capa-
ble of life-long maintenance of cellular compartments typi-
cal of the tissue in which they reside. However, in recent
years, in vitro cultures and in vivo transplantation assays have
indicated that adult somatic stem cells of various species are
capable of undergoing multiple fates. Bone marrow cells can
give rise to a wide array of phenotypes, including blood,
endothelial, bone, cartilage, fat, tendon, lung, liver, muscle,
marrow stroma and even brain cells. Conversely, neural stem
cells as well as muscle progenitors may contribute to blood
cell production, indicating that adult stem cells present in
numerous tissues can generate multiple cell types even of dif-
ferent dermal origin. Therefore, the developmental potential
of adult somatic stem cells should be reassessed, although
the mechanisms that ultimately lead to cell fate determina-
tion are not completely defined. Homeobox-containing
genes, which encode DNA-binding proteins, appear to be
strong candidate genes to regulate a number of develop-
mental processes, including neurogenesis and hematopoiesis.
Several findings point to the therapeutic potential of somat-
ic adult stem cells and a major challenge will be to develop
new strategies to exploit their versatility and self-renewal
ability. First, the successful culturing and long-term expan-
sion of versatile stem cells provides a great means to gain
further insight into stem cell biology and may provide a
source of renewable cells that can be transplanted. Second,
it is now conceivable to direct in vitro adult pluripotent cells
along defined lineages and generate cell type-specific somat-
ic precursors that might represent ideal targets for gene ther-
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apy. Third, much evidence indicates that stem cells derived
from different sources and systemically introduced into the
recipient can migrate via the circulation, reach the appropri-
ate target tissue and acquire the phenotype of the cell com-
partments typical of that tissue. Furthermore, an important
point is that genes introduced in the stem cells are then
expressed in a tissue-specific manner. Fourth, it appears that
stem cells can contribute to the regeneration of multiple tis-
sues without preconditioning of the recipients. Therefore,
these observations, mostly obtained in the murine system,
lead to future hope of therapeutic stem cell use in a wide
spectrum of diseases and disorders of several human tissues.

09
MARROW STROMAL CELL TRANSPLANTABILITY

Carlo-Stella C
Bone Marrow Transplantation Unit, Istituto Nazionale dei
Tumori, University of Milan, Italy

In addition to hematopoietic stem cells (HSCs) which can
differentiate to produce progenitors committed to terminal
maturation, bone marrow also contains stem cells of non-
hematopoietic tissues which are currently referred to as mes-
enchymal stem cells or marrow stromal cells (MSCs). Homing
of reinfused stromal cells to the marrow microenvirnoment
is a crucial prerequisite for the therapeutic use of MSCs. In
animal models, reinfused MSCs migrate to and become
incorporated into several tissues of the recipients where they
are capable of eliciting tissue-specific differentiation pro-
grams. In humans, conflicting results so far reported can be
explained by either methodological differences in detecting
donor-derived MSCs, or differences in the doses of rein-
fused stromal cells. The heterogeneity of conditioning regi-
mens, post-transplant immunosuppression, graft manipula-
tion and patient-related biological differences might account
for such conflicting results. Changes of stem cell transplan-
tation (SCT) methodology, including the introduction of
highly immunosuppressive and myeloablative conditioning
regimens or the use of blood-derived mega stem cell doses,
might play a role in MSC transplantability. Indeed, data in
NOD/SCID mice suggest that transplantation of mobilized
blood progenitors can also regenerate the marrow microen-
vironment. Recently, we investigated the transplantability of
MSCs in patients who had received a sex-mismatched, T-
cell depleted allograft from an HLA-matched or HLA-mis-
matched family donor. Polymerase chain reaction (PCR)
analysis of human androgen receptor (HUMARA) or amel-
ogenin genes was used to detect donor-derived MSCs. Six-
ty-eight marrow samples from 41 consenting patients were
inoculated in long-term culture but only 14/41 patients
(34%) evaluated at a median of 17 months (range, 1 to 82)
after allografting, generated a marrow stromal layer adequate
for PCR analysis. To prevent the risk of false positive detec-
tion of donor cells caused by monocyte-macrophage conta-
mination of marrow stromal layers, cultures were repeatedly
trypsinized and treated with the anti-lysosomal compound
leu-leu methyl ester. Under these experimental conditions,
monocyte-macrophage contamination was below the levels
of sensitivity of HUMARA and amelogenin assays (5% and
3%, respectively). Twelve patients allografted with female
donors were analyzed by means of the HUMARA assay and
in 5/12 cases a partial female origin of stromal cells was
demonstrated. Two patients allografted with male donors

were analyzed by amplifying the amelogenin gene and in
both cases a partial male origin of stromal cells was shown.
Fluorescent in situ hybridization analysis using a Y probe
confirmed the results of PCR analysis and demonstrated in
two cases the existence of mixed chimerism at the stromal cell
level. In conclusion, MSCs reinfused in patients receiving a
T-cell depleted allograft have a limited capacity to reconsti-
tute marrow mesenchymal cells. Such a limited functional
capacity strongly suggests that conventional hematopoietic
grafts should be supplemented with ex vivo generated mes-
enchymal cells capable of long-term functional capacity in
order to improve marrow stromal reconstitution following
hematopoietic SCT.

10
CHARACTERIZATION OF NON-IMMUNOGENIC CD34+

PROGENITOR CELLS

Rondelli D
Istituto di Ematologia e Oncologia Medica “Seràgnoli”, Uni-
versità di Bologna, Italy

Professional antigen presenting cells (APC) activate T-
cells by delivering a first signal through the HLA:T-cell
receptor binding and a second signal through co-stimulato-
ry molecules such as B7-1 (CD80) and B7-2 (CD86), or
CD40. Highly purified CD34+ blood cells are on average
95±2% HLA-DR+, 65±15% CD18+, 1.9±1.2% CD86+, but
do not express CD80. Irradiated CD34+ cells that express
CD18, the beta-chain of a leukointegrin family, induce a
high proliferative response of allogeneic purified CD4+ and
CD8+ T-cells in primary mixed leukocyte culture (MLC),
while CD34+CD18- cells, that are enriched in early prog-
enitors, stimulate allogeneic T-cells poorly. Moreover, the
immunogenic activity of CD34+CD18+ cells is likely to be
predominantly mediated by B7 co-stimulatory molecules
since both CD80 and CD86 are upregulated in 7-12% of
these cells after 24-30 hours of liquid culture with autologous
or allogeneic mononuclear cells and anti-CD80 plus anti-
CD86 blocking monoclonal antibodies induce > 80% inhi-
bition of CD34+ cell APC activity. Another important co-
stimulatory molecule, CD40, is constitutively expressed on
3.2±4.5% CD34+ blood cells. However, after 24 h in liquid
culture with medium alone, or with tumor necrosis factor-α
(TNF-α), or with allogeneic mononuclear cells, on average
10±3%, 75±15% and 53±17% CD34+ blood cells, respec-
tively, are CD40+. TNF-α-primed CD34+CD40+ blood
cells express myeloid markers, such as CD13 and CD33, but
not monocytic (CD14), dendritic (CD1a), or lymphoid
(CD3 and CD19) antigens, and contain <5% CD86+ and
CD80+ cells. Also, after short priming with TNF-α CD34+
blood cells show a 2-3 fold greater alloantigen presenting
function than CD34+ cells primed with GM-CSF or
unprimed ones. In fact, highly purified TNF-α-primed
CD34+CD40+ blood cells, which are enriched in both gran-
ulocytic and monocytic/dendritic precursors, stimulate a
potent alloreactive T-cell response in MLC. In contrast,
CD34+CD40- blood cells, which are enriched in granulo-
cytic and erythroid precursors and in LTC-IC, are unable to
stimulate HLA mismatched T-cells in-vitro. Furthermore,
in the presence of an anti-CD40L antibody, CD34+ cells
have a reduced capacity to activate primary CD4+ T-cell pro-
liferative responses, but still stimulate efficient cytotoxic
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responses. Current studies are evaluating whether selection
of non-immunogenic CD34+ cells, or use of blocking anti-
bodies in combination with CD34+ cells may result in an
antigen specific T-cell unresponsiveness that might allow
new clinical strategies aimed at overcoming HLA barriers in
hematopoietic and solid organ allogeneic transplantation.

11
ASSESSMENT OF HUMAN STEM CELL EXPANSION IN
THE NOD/SCID MOUSE XENOGENIC TRANSPLANT 
MODEL

Piacibello W, Gammaitoni L, Bruno S, Gunetti M, Danè
A, Aglietta M
IRCC Institute for Cancer Research, University of Torino Med-
ical School, Turin

Identification of culture conditions that support expansion
or even long-term maintenance of in vivo repopulating
human hematopoietic stem cells is a major challenge. It has
been reported that CD34+ cord blood cells can be expanded
in vitro, for several months, in serum containing culture con-
ditions. The use of combinations of recombinant ‘early act-
ing’ growth factors and the absence of stroma was essential in
determining this phenomenon. Recently a new approach has
been developed to establish an in vivo model for human prim-
itive hematopoietic precursors by transplanting human
hematopoietic cells into sublethally irradiated non-obese dia-
betic severe combined immunodeficient (NOD/SCID) mice. We
examined the expansion of cells, CD34+ and CD34+38- sub-
populations, colony-forming cells (CFCs), long-term culture
initiating cells (LTC-ICs) and the maintenance or the expan-
sion of SCID-repopulating cells (SRCs) during stroma-free
suspension cultures of human CD34+ and CD34+ CD38-
cord blood cells for up to 12 weeks. To FLT3 ligand (FL);
thrombopoietin (TPO); stem cell factor (SCF), interleukin 6
(IL6) or interleukin 3 (IL3) were added. Groups of sub-
lethally irradiated NOD/SCID mice were injected with either
unmanipulated CD34+ cord blood cells at start of cultures, or
their progeny after stroma-free suspension cultures for up to
12 weeks with a combination of ‘early acting’ recombinant
growth factors (FL, TPO, SCF) with the additional pres-
ence of IL6 or IL3. Mice that had been injected with 50,000
or 100,000 uncultured CD34+ CB cells showed engraftment.
Mice injected with the cells that had been generated by the
same number of initial CD34+ CB cells for up to 12 weeks
of expansion cultures engrafted the vast majority of
NOD/SCID mice. The level of engraftment, well above that
usually observed when the same number of uncultured cells
were injected into similar recipients suggested that primitive
hemopoietic cells were maintained for up to 12 weeks of cul-
ture and, probably, expanded (as suggested by dilution exper-
iments). By contrast, CD34+ cells cultured in the same con-
ditions, but with the additional presence of IL3 could engraft
NOD/SCID mice for no longer than 4 weeks. These results
support and extend our previous findings that CD34+ CB
stem cells (identified as long term colony-initiating cells,
LTC-IC) can indeed be grown and expanded in vitro for an
extremely long period of time only in the presence of some,
but not all the growth factors employed in this study.

12
MINI MISMATCHED TRANSPLANTATION IN THE MOUSE
USING ALLOREACTIVE NATURAL KILLER CELLS FOR
CONDITIONING

Ruggeri L, Capanni M, Urbani E, Perruccio K, Martelli
MF, Velardi A
Division of Hematology and Clinical Immunology, University
of Perugia, Italy

Recipients of HLA haplotype-mismatched hematopoiet-
ic stem cell transplants (Aversa et al., N Engl J Med, 1998;
339:1186) often do not express class I alleles which block
natural killer donor (NK) cells. Thus, some donor pre-trans-
plant natural killer (NK) clones kill recipient target cells.
After transplant, stem cells regenerate such alloreactive NK
clones which kill pre-transplant cryopreserved host lympho-
cytes and leukemia cells and which are blocked by targets
expressing the missing class I allele (Ruggeri et al., Blood
1999; 94:333). This phenomenon is associated with low
rejection and relapse rates and no GvHD in heavily condi-
tioned high-risk leukemia patients. This study determined
whether, in non-lethally-conditioned hosts, infusing donor
alloreactive NK cells before transplant promotes sufficient
immune suppression for engraftment. Hybrid resistance
shows NK alloreactivity rejects bone marrow (BM) cells but
may not target tissues as it does not reject organ grafts. We
reversed the hybrid resistance transplantation partners. Irra-
diation below 8.5 Gy is non-lethal, mice reject BM and
recover uneventfully. After 5 to 7 Gy irradiation, the infusion
of hybrid H-2d/b mouse Ly49A+/G2+, H-2b/b reactive,
NK cells into H-2b/b hosts killed the mice (spleen and BM
counts were greatly reduced). Strikingly, adding donor BM
rescued all mice which displayed full donor chimerism in
their BM and spleens, without GvHD. The minimum effec-
tive Ly49A+/G2+ cell dose was 100,000 cells/mouse (the
equivalent of 4 million cells/Kg body weight, a feasible dose
with human NK clones). Eight-fold higher NK doses were
needed to overcome resistance to engraftment in recipients
exhibiting anti-donor NK alloreactivity (d/d donor into b/b
recipient). Third-party (d/b) NK cells conditioned the host
without interfering with BM engraftment when host (b/b)
and donor BM (d/d) were susceptible to third-party NK lysis
(a situation which reflects any mismatched, matched or
autologous human transplant in which recipient and graft
can be targeted by third-party alloreactive NK cells). 
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Hybrid resistance shows NK alloreactivity rejects bone marrow (BM) cells but may not target
tissues as it does not reject organ grafts. We reversed the hybrid resistance transplantation
partners (Panel A). Ly49A+/G2+, H-2b/b reactive, NK cells (panels B and C) were isolated from H
2d/b donor mice and infused into non-lethally-conditioned H-2b/b recipients. Goal of the
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The results show this is indeed the case.
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In conclusion, anti-host NK cells effectively promote BM
engraftment, without GvHD, in sublethally-conditioned
MHC disparate hosts. In the future, the infusion of anti-host
alloreactive NK cells, given as part of a non-lethal condi-
tioning regimen, may be used to promote engraftment (in
addition to exerting anti-leukemic effects) and, thus, help
reduce toxicity of conditioning regimens and ultimately
extend hematopoietic transplantation to patients for whom
and diseases for which the hazards of the current condition-
ing regimens are not justified.

Lunch meeting
ACUTE MYELOID LEUKEMIA IN

THE ELDERLY:
WHY IS IT SO HARD TO CURE?

Chairmen: M. Baccarani, F. Mandelli

13
ACUTE MYELOID LEUKEMIA IN THE ELDERLY: RESULTS
OBTAINED WITH CONVENTIONAL CHEMOTHERAPY

Visani G, Piccaluga PP, Isidori A, Malagola M, Grafone T,
Tura S
Istituto di Ematologia e Oncologia Medica “L & A Seràgnoli” -
Università di Bologna

Acute myeloid leukemia (AML) occurs predominantly in
adults, and its incidence increases with age. Many elderly
AML patients are not entered into clinical trials. Thus, con-
trolled clinical studies in the elderly most probably reflect a
selection of cases. Anyway, a comparison of remission rates
achieved in multicenter trials that include patients above and
below the age of 60 years consistently indicates that older age
is associated with a poorer response to initial chemotherapy
and shorter disease-free survival and overall survival. Com-
plete remissions are frequently obtained in less than half of
older patients. The different clinical behavior of AML at
older age raises questions about the most appropriate clini-
cal management. The potential benefits of antileukemic ther-
apy have been questioned repeatedly. However, the majori-
ty of reported trials show a more favorable outcome after
specific antileukemic therapy, with no advantage from a pal-
liative strategy. Chemotherapy is then the treatment of
choice and may offer a chance of longer survival. At what
intensity should this approach be followed and should elder-
ly patients be treated in a similar way as younger patients? A
series of clinical trials have addressed these questions, by
adding etoposide to the combination of cytarabine (AraC)
and daunorubicin (DNR); by using different doses of AraC
within an AraC/DNR regimen; by applying low-dose AraC
versus a full- dose protocol of AraC; by evaluating the oral
combination of etoposide plus thioguanine (6TG) and idaru-
bicin versus a DNR/AraC/6TG regimen. The majority of
the studies are in favor of more intensive therapy, demon-
strating a higher initial response rate and/or an improved
long-term outcome. On the other hand, a reduced tolerance
to intensified treatment is frequently observed. In particular,

CALGB showed a significant increase in long-lasting remis-
sions with high-dose AraC only in patients younger than 60
years of age, most probably because roughly 1/3 of patients
older than 60 years of age could tolerate high-dose AraC,
compared with 2/3 of younger patients. Patients older than
60 years of age have, thus, a high risk of dying during the
course of induction therapy, mainly due to uncontrolled
infections. The currently available data support the prophy-
lactic administration of hematopoietic growth factors after
intensive cytoreductive chemotherapy; no reports indicate an
increased proportion of patients with persistent leukemia or
early relapses. The higher frequency of unfavorable biolog
ical and prognostic factors, anyway, is, other than age, one of
the major determinants of poorer prognosis for elderly
patients. The development of more effective therapies for
bad-prognosis subgroups and the improvement of support-
ive measures are aimed to improve the outcome.

Acknowledgments: supported in part by MURST ex 40% (S
Tura) and FONDI ex 60% (S Tura). 

14
BIOLOGIC PROFILE OF ACUTE MYELOGENOUS
LEUKEMIA IN OLDER ADULTS

Rambaldi A
Divisione di Ematologia, Ospedali Riuniti di Bergamo,
Bergamo 

Acute myelogenous leukemia (AML) in older adults is the
most frequent form of AML. When compared to younger
patients, AML in the elderly is frequently highly resistant to
conventional chemotherapy and accordingly, its clinical
response remains very poor. Many data suggest that AML in
the elderly may be biologically different, based on the follow-
ing evidence: a) Above the age of 55, up to 30% of AML
patients show complex chromosomal aberrations or karyotypic
abnormalities typically associated with a poor prognosis such
as -5/del(5q) and -7/del(7q). Also, striking cytogenetic simi-
larities have been noted between AML arising de novo in
elderly individuals and AML and myelodysplastic syndrome
developing after chemotherapy with alkylating agents or par-
ticular occupational exposure. Moreover, cytogenetic abnor-
malities associated with a good prognosis in de novo AML of
younger patients such as inv(16) and t(8;21), are remarkably
less frequent. b) In more than 70% of elderly AML patients,
leukemic blasts show an intrinsic resistance to chemothera-
peutic agents as determined by phenotypic expression of the
multidrug resistance glycoprotein 1 (MDR1) or by function-
al assays quantifying the drug efflux from leukemic cells. c)
AML in the elderly seems to arise from an earlier level of
pluripotent hematopoietic cells which might affect more than
one hematopoietic cell lineage thus determining trilineage
dysplasia and delayed recovery of neutrophils and platelets
after standard chemotherapy. In summary, AML in the elder-
ly seems to be a biologically distinct disease and the afore-
mentioned factors all contribute, independently, to poor out-
comes. The identification of biological predictors of the clin-
ical response may help to identify those patients for whom
alternative treatments are urgently needed.
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LIPOSOME ENCAPSULATED DAUNORUBICIN (DAUNO
XOME) FOR TREATMENT OF ELDERLY PATIENTS WITH
ACUTE MYELOID LEUKEMIA

Russo D, Michieli M, Damiani D, Michelutti A, 
Ermacora A, Michelutti T
Chair and Division of Hematology, Department of Medical and
Morphological Research, Udine University Hospital, Udine

Patients aged more than 60 years affected by acute myeloid
leukemia (AML) usually have a poor prognosis. The major-
ity of elderly patients who do not respond to standard treat-
ment have a secondary leukemia, specific or complex cyto-
genetic abnormalities and high expression of several proteins,
such as the P-glycoprotein (Pgp), the multidrug related pro-
tein (MRP), or the lung resistance-related protein (LRP),
that interfere with drug sensitivity.1,2 For these cases standard
treatment is more toxic than useful and there is very little evi-
dence that treatment intensification can improve the results.
On the other hand, a significant proportion of elderly
patients cannot be treated with aggressive chemotherapy
because of their performance status, presence of concomitant
diseases or organ failure. Therefore, the main problem in the
managment of elderly AML patients is to reduce the host-
toxicity of chemotherapeutic agents without affecting the
antitumor efficacy. Liposomal anthracyclines have been
recently developed with the aim of optimizing the delivery
and selectivity of free drug to tumors and of reducing the
toxicity in normal tissues. Daunoxome (DNX, Nexstar) is a
preparation of daunorubicin (DNR) that is encapsulated into
small liposomes with remarkable physical stability and is reg-
istered for the treatment of AIDS-related Kaposi’s sarco-
ma.3,4 Preclinical observations have pointed out that DNX
can be at least as effective as free DNR against leukemic
cells,5 that it is likely to be less toxic than free DNR in nor-
mal tissues,6 and that DNX partially escapes the mechanisms
of multidrug resistance related to the pump function of sev-
eral transport proteins, such as Pgp, MRP, and LRP.7 Based
on these preclinical observations, the effects of DNX either
alone or in combination with cytosine-arabinoside (AC)
were investigated in a phase II clinical trials, including either
patients with resistant or relapsed AML, or elderly patients
with de novo AML.8,9 In these patients, the rate of complete
remission (CR) was about 50%, the treatment-induced
cytopenia lasted about 3 weeks and the toxic profile of this
liposomal-encapsulated anthracycline was relatively low. The
preclinical observations strongly suggest that DNX is an
attractive drug for the treatment of acute leukemia of the
elder in whom Pgp is usually overexpressed and low non-
hematologic toxicity is required. More studies are required to
assess the advantage of DNX over DNR.
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NOVEL THERAPEUTIC APPROACHES IN ELDERLY ACUTE
MYELOID LEUKEMIA PATIENTS: TOPOTECAN AND CMA-
676

Tafuri A
Ematologia, Dipartimento di Biotecnologie Cellulari ed Ema-
tologia, Università “La Sapienza”, Rome

Acute myeloid leukemia (AML) is the most frequent form
of acute leukemia in elderly patients; the incidence of the
disease progressively increase with age, as does the disease-
related mortality. The optimal management of elderly AML
remains controversial and achievement of complete remission
(CR) after conventional chemotherapy progressively decreas-
es in the older patients who are characterized by several unfa-
vorable prognostic factors. In fact, the biological features of
AML cells in elderly patients are frequently characterized by
trilineage myelodysplasia, unfavorable karyotype and over-
expression of the multidrug resistance (mdr1) phenotype. In
addition, the clinical characteristics of these patients show a
limited tolerance to intensive chemotherapy. Inclusion of
growth factors and mdr1-modulators in the treatment of
elderly AML patients, aimed at ameliorating treatment-asso-
ciated mortality and morbidity and overcoming drug resis-
tance, respectively, has not significantly improved the dura-
tion of CR and survival, which remain poor. Efforts to
increase the rate of response and disease-free survival are cur-
rently underway in several areas, including the development
of novel active chemotherapeutics agents characterized by a
lower chemoresistance and a more targeted antileukemic
effects. Topotecan is a novel less toxic semisynthetic analog
of the alkaloid camptothecin which acts as a specific inhibitor
of topoisomerase-I. Inhibition of this enzyme involved in
DNA replication and repair results in lethal DNA damage.
Topotecan is active against a number of solid tumors and is
characterized by a lack of cross resistance with other
chemotherapeutic agents. The promising antileukemic effect
of this drug, used as a single agent in continuous infusions
over 24 hours for five days every three to four weeks in refrac-
tory AML and in myelodysplastic syndromes (MDS), sup-
ports the use of topotecan in combination with Ara-C,
etoposide or cyclophosphamide. Data generated at the M.D.
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Anderson suggest that the combined use of topotecan plus
Ara-C in high risk MDS patients, especially those with unfa-
vorable cytogenetics, resulted in a better response compared
to Ara-C alone. Based on these data, a comparative multi-
center randomized trial between topotecan and idarubicin,
both in combination with Ara-C and G-CSF, is currently
underway in patients with high risk MDS and in AML
evolved from MDS. The risk/benefit and toxicity of these
regimens are awaited. The availability of antibodies reactive
against antigens expressed only by hematopoietic cells has
provided clinical investigators with new tools to be used in
the management of hematologic malignancies. Studies per-
formed to date have investigated the use of such antibodies
in an unmodified state, or combined with toxic molecules as
immunotoxins or radionuclides. Among several antigens,
CD33 is characterized by its expression on normal maturat-
ing myeloid cells and on more than 90% of AML cells, while
being absent on normal hematopoietic stem cells. Initial
work with the non-conjugated humanized anti-CD33
MoAb (HuM195) has shown only some degree of activity in
animal models, not confirmed in AML patients with large
tumor burden. Since AML is a radiation-sensitive disease,
radiolabeled antibodies (131I-labeled murine anti CD33
MoAb) have also been used; these have, however, resulted in
prolonged and severe pancytopenia due to the physical prop-
erties of the beta-particle emitter which can destroy other
cells around the target area, including normal hematopoiet-
ic progenitors. The most promising approach in terms of
antibody therapy is represented by the humanized anti-
CD33 MoAb linked to a potent cytotoxic antibiotic
calicheamicin, which induces double-stranded DNA breaks
only when introduced into the target cell. In vitro studies
have confirmed the effectiveness of this molecule in inhibit-
ing tumor growth in AML cells and phase I and II studies
have confirmed in AML patients in first relapse, treated with
9 mg/m2 i.v. every 14 days for two doses, the antileukemic
activity of CMA-676 used as a single agent. In contrast to
conventional chemotherapy, the absence of hair loss and a
significant reduction of systemic toxicity, has been reported.
Studies are now starting in different AML settings, elderly
– relapsed – pre-transplant, and the recent FDA approval of
CMA-676 for the treatment of CD33+ AML patients in
first relapse > 60 years, will allow further evaluation of this
new treatment modality for patient with AML.

Lecture
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IMMUNOLOCALIZATION OF FUSION PROTEINS WITH
MONOCLONAL ANTIBODIES: NEW APPROACH IN THE
STUDY OF LEUKEMIAS AND LYMPHOMAS

Falini B

Symposium
MECHANISMS OF LEUKEMOGENE-

SIS AND LYMPHOMAGENESIS
Chairmen: C. Croce, G. Saglio

18
ACQUIRED CHROMOSOME 11q DELETION INVOLVING
THE ATAXIA TELEANGIECTASIA LOCUS IN LYMPHOID
NEOPLASMS

Cuneo A, Bigoni R, Rigolin GM, Roberti MG, Milani R,
Bardi A, Tieghi A, Agostini P, De Angeli C, Castoldi G
Dipartimento di Scienze Biomediche e Terapie Avanzate,
Sezione di Ematologia, Università di Ferrara, Italy 

The purpose of this two-phase study was to assess the inci-
dence of 11q deletion involving the ataxia-teleangiectasia
locus (ATM+/-) in lymphoid neoplasms, in order i) to define
its clinicobiologic significance better in B-cell non-Hodgk-
in’s lymphomas (NHL) and, ii) to establish whether it re-
presents a primary or a secondary change in NHL and B-cell
chronic lymphocytic leukemia (CLL). We assessed 135
NHL lymphomas at diagnosis; 95 B-CLL were analyzed at
diagnosis and in 1-2 occasions at 1-2 year intervals. All cas-
es were submitted to conventional cytogenetic analysis and
to fluorescence in situ hybridization (FISH) using an 11q22-
23 probe recognizing ATM sequences.

Point i) A hemizygous ATM deletion was seen in 44-88%
of the interphase cells in 15/135 NHL (11.1%): 4 patients
had an indolent lymphoma (follicle center cell lymphoma),
11 patients had an aggressive lymphoma (5 mantle cell lym-
phomas and 6 diffuse large cell lymphomas). Ten out of 15
ATM+/- patients had a complex karyotype, 11 out of 15 had
more than 90% abnormal metaphases (AA karyotype sta-
tus); +12, 13q14 deletion or 17p13 deletion were seen in 7,
4 and 5 cases, respectively. Patients with ATM+/- more fre-
quently had a complex karyotype (p=0.01) and the AA kary-
otype (p=0.04) as than patients without ATM+/-. With the
exception of a poor performance status (p=0.001) no corre-
lation was found between ATM+/-, initial clinical variables
and complete remission rate, whereas a highly significant
association was found with shorter survival (p<0.0001). This
cytogenetic lesion maintained its prognostic importance in
multivariate analysis (p=0.0004), along with performance sta-
tus (p=0.0006), serum LDH level (p=0.03), splenomegaly
(p=0.01) and histologic grade (p=0.03). When analyzing sep-
arately indolent lymphomas and aggressive lymphomas,
ATM+/- maintained its prognostic importance as an inde-
pendent variable in both histologic groups (p=0.0001 and
p=0.016, respectively).

Point ii) Dual color hybridization studies showed ATM
deletion to be a secondary aberration with respect to BCL1
rearrangement in 3 cases with mantle cell lymphoma. One
patient with CLL developed ATM+/- during the course of
the disease; six patients who underwent transformation into
prolymphocytic leukemia (PLL) were found to have acquired
the ATM deletion in the PLL phase. We arrived at the fol-
lowing conclusions: i) the ATM+/- status has clinicobiolog-
ical importance in NHL, possibly representing a major cyto-
genetic determinant of outcome; ii) whereas 11q-/ATM
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deletion is usually an early event in typical CLL, it may rep-
resent a secondary change in NHL and in CLL undergoing
transformation into PLL.

19
PROMISCUITY AND LEUKEMOGENESIS. TWO NOVEL
SITES OF RECOMBINATION FOR NUP98/11p15 AND
PDGFBR/5q33 GENES IN MYELOID MALIGNANCIES

Mecucci C, La Starza R, Crescenzi B
Hematology and Bone Marrow Transplantation Unit, Uni-
versity of Perugia, Italy

The term “promiscuity” in leukemia was first coined for the
MLL/11q23 gene which undergoes a number of transloca-
tions producing new transcripts from fusions with a specific
gene of the partner chromosome. Later on multiple translo-
cations were also shown for other genes, such as ETV6/12p13
or BCL6/3q27. Here we discuss the identification of two nov-
el sites of recombination for NUP98/11p15 and PBGF-
BR/5q33 in myeloid malignancies. The first case was a 65-year
old man with AML-M1 FAB and a 46,XY,t(8;11)(p11;p15)
karyotype. FISH studies were performed with BACs 118H17
and 290A12 for NUP98 (kindly provided by M Negrini, Uni-
versity of Ferrara), and yacs 770C2 and 176C9 for FGFR1
and MOZ genes, respectively (kindly provided by M Chaf-
fanet, University of Marseille). The mix of BACs for NUP98
gave two signals on normal 11 and derived 11p15, and one sig-
nal on 8p11, showing the involvement of NUP98 in the
breakpoint of the translocation. The partner was identified by
splitting of the yac 770C2 (FGFR1 gene) between 8p11 and
11p15. The second case was a 49-year old man with atypical
chronic myeloid leukemia and a 46,XY,t(5;10)(q33;q22).
FISH for 5q33 showed the splitting of a cosmid probe, cosB,
containing PDGFBR gene. Chromosome 10q was involved
proximally to yac 781F5 (10q21.3) and yac 876H2 (10q22.1),
so that breakpoint on 10q was more precisely assigned to
10q21. The 10q gene was identified by a PCR approach as the
H4 gene (D10S170) ( G. Gilliland et al., Harward Medical
School, Boston). FISH with PAC 29F6, encompassing the 5’
portion of the H4 gene, further documented the fusion
between H4 and PDGFBR on chromosome 5. The AIRC
(Associazione Italiana per la Ricerca sul Cancro) is kindly
acknowledged.

20
ALTERATIONS IN SIGNAL TRANSDUCTION IN ACUTE
LEUKEMIAS

Santini V
Divisione di Ematologia, Università di Firenze, Italy

Granulocyte colony-stimulating factor (G-CSF) induces
proliferation and maturation of myeloid progenitor cells. The
Jak-Stat pathway and Shc-ras pathway are activated by G-
CSF stimulation. Distinct cytoplasmic regions of human G-
CSF receptor (G-CSF-R)have been identified as responsi-
ble for proliferation and maturation signaling. Mutated
forms of G-CSF-R have been identified in acute myeloid
leukemias. Lyn and Syk kinases have been reported to form
a three-component complex with G-CSF-R. We investi-
gated whether Lyn and Syk kinases were tyrosine phospho-

rylated after G-CSF stimulation, and whether Shc protein
was activated as a consequence. The activity of wild type
(WT) human G-CSF-R was compared to that of mutants
in which carboxyterminal tyrosines (704Y, 729Y, 744Y and
764Y) were substituted for phenylalanine in 32d myeloid
cells transfectants. Kinases such as Shc, Syk and Lyn were
independently tyrosine phosphorylated after G-CSF stimu-
lation of humanWT/G-CSF-R 32d cells. Lyn kinase was
constitutively co-immunoprecipitated with Syk, but it was
activated upon G-CSF binding to the receptor. We showed
that tyrosines 764 and 729 of G-CSF-R cytoplasmic domain
are crucial for activation of Shc and Syk, respectively. In
Y729F G-CSF-R mutants anti phosphotyrosine
immunoblots did not indicate Syk as an activated substrate,
whereas Y764F mutants did not succeed in phosphorylating
Shc. Tyrosine 729 is localized in the putative ITAM
(immunoreceptor tyrosine-based activation motif)- like motif
of G-CSF-R cytoplasmic region. We can affirm that Shc
phosphorylation after G-CSF stimulation is independent of
Syk activation. On the other hand, the presence of activated
Syk is not sufficient to provoke Shc phosphorylation when
Y764 is mutated. Syk tyrosine kinase is essential for signal
transduction events in myeloid cells, but its role in granulo-
cytic precursor proliferation and maturation has not been
completely clarified. We thus analyzed the pattern of tyro-
sine phosphorylation and phagocytosis of sheep red blood
cells and of latex beads of 32d myeloid cells WT/G-CSF-R
transfectants, and DA/G-CSF-R naturally occurring trun-
cated mutant (d715, lacking the ITAM-like motif and
729Y), after G-CSF stimulation. DA/G-CSF-R mutant has
been cloned in acute myeloid leukemia cases arising in SCN
patients. DA/G-CSF-R mutant did not show Syk phos-
phorylation. WT/G-CSF-R transfectants had a baseline
phagocytosis of 10 ± 2 % (300 cells scored), but after G-CSF
stimulation 44 ± 5 % of cells were phagocytic. The truncat-
ed DA mutant had only rare cells showing incomplete
phagocytosis, and no increase was obtained after stimulation
with G-CSF. From our evidence, G-CSF-R signals phago-
cytosis through a specific region. As we have demonstrated
that the same region of the receptor is responsible for Syk
activation, we concluded that the phagocytic activity stimu-
lated by G-CSF in 32d WT/G-CSF-R transfectants is mod-
ulated by the carboxy-terminal region of the receptor via Syk
in analogy to that observed in FcγR signaling in monocytes.

21
ALL1/MLL GENE IN ACUTE LEUKEMIA: ITS PUTATIVE
ROLE IN LEUKEMOGENESIS

Cimino G
Dipartimento di Biotecnologie Cellulari ed Ematologia, Uni-
versità degli Studi “La Sapienza” di Roma, Rome, Italy

ALL1/MLL gene spans approximately 90 kb of DNA,
encodes for a major transcript of approximately 15 kb, and
consists of 36 exons, ranging in size from 65 bp to 4249. The
protein product consists of more than 3,910 amino acids con-
taining three regions homologous to sequences of the
Drosophila Trx gene, including cysteine rich regions that can
fold into six zinc finger-like domains and a highly conserved
200 amino acid SET domain located at the carboxyl-terminal
end. As occurs in Drosophila, also in mice ALL1/MLL is a
positive regulator of Hox genes. The ALL1/MLL gene prod-
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uct possesses two other regions, which would be directly or
indirectly involved in the control of gene transcription, by
favoring conformational DNA changes. These are: 1) the AT
hook of high-mobility-group-I; and 2) a cysteine-rich region
(CRR) homologous to the mammalian DNA methyltrans-
ferase double helix. To date, at least 16 different fusion part-
ner genes involved in chromosomal translocation with
ALL1/MLL have been characterized. Additionally, internal
duplications within the amino-terminal part of ALL1/MLL
and specific deletions of exon 8 have been detected in leukemic
blast cells of some leukemic patients. The active functional
contribution of partner genes in determining the oncogenic
capacity of the resulting hybrid gene is presently strongly sug-
gested by several observations. However, it is still unclear how
fusion products participate in leukemogenesis. As far as con-
cerns interaction of ALL1/MLL fusion proteins with their
target genes, it is interesting to note the potential role of the
ALL1/MLL AT hook region, which is believed to be impor-
tant in targeting and regulating transcriptional units of genes,
for normal hematopoietic growth and differentation, in con-
junction with the loss of SET domain occurring when the
amino-terminal ALL1/MLL and carboxyl-terminal partner
residues fuse to form ALL1/MLL chimeric protein. In par-
ticular, the loss of this domain may explain the downregula-
tion of some target genes, for example the ARP1. Finally,
another very recent approach to studying gene expression is
the high-density microarray technology, which allows large
numbers of genes to be screed to see whether or not they are
active under various conditions. This technology has begun to
be used to study acute leukemic cells, and data on the
ALL1/MLL positive acute leukemia setting will soon be
available.

22
MOLECULAR PATHOGENESIS OF MULTIPLE MYELOMA:
THE ROLE OF CHROMOSOMAL TRANSLOCATIONS
INVOLVING THE IG LOCI

Neri A, Lombardi L, Baldini L
Servizio di Ematologia Diagnostica, Dipartimento di Scienze
Mediche, Università di Milano, Ospedale Maggiore IRCCS,
Milan, Italy

In the recent past several advances in the molecular biol-
ogy of multiple myeloma (MM) have provide new insights
into the pathogenesis of this disease. In particular, we and
others have demonstrated that, despite the apparently low
incidence by cytogenetic analysis, translocations involving
the immunoglobulin (Ig) loci, mainly the heavy chain locus
(IGH) at 14q32, are a very frequent event associated with
MM. Translocations to the IgH locus usually occur within
the switch regions and involve a large array of chromosome
loci, mostly the 11q13, 4p16.3, 16q23 and 6p25 where puta-
tive target genes are located. We and others have identified
the novel, karyotypically not detectable, t(4;14)(p16.3;q32)
chromosomal translocation in MM. The 4p16.3 breakpoints
occur 50 to 100 kb centromeric to the FGFR3 gene and
within the 5’ regions of the novel WHSC1/MMSET gene.
These genes are overexpressed in the translocated cases and
interestingly, activating FGFR3 gene mutations have been
found in a limited number of MMs with t(4;14). We per-
formed a double-color FISH assay using IgH and 4p16.3
specific probes showing that this lesion occurs in approxi-

mately 20% of MM patients without apparent association
with the clinical stage. It has been previously demonstrated
in MM cell lines with t(4;14) that the translocation results
in the formation of IgH-MMSET hybrid transcripts; we
found that the presence of these transcripts correlates with
the translocation in primary tumors further confirming that
they represent a specific marker of the translocation. The
t(11;14)(q13;q32) chromosomal translocation, the hallmark
of mantle cell lymphomas (MCL), is found in less than 5%
of MM by conventional cytogenetics; however, rearrange-
ments of the BCL-1/cyclin D1 regions involved in MCL
are not detected in MM by Southern blotting. The molecu-
lar cloning of 11q13 breakpoints in a limited number of
MMs (mostly cell lines) with the t(11;14) indicated that they
are highly scattered over a relatively large area encompassing
the BCL-1/cyclin D1 loci, but the fact that cyclin D1 was
found to be overexpressed in these cases strongly suggests
that it is deregulated in MM as a result of the translocation.
We investigated primary MMs for structural evidence of
BCL-1/cyclin D1 locus involvement by double-color FISH,
and for cyclin D1 expression by immunohistochemistry
(IHC). We found that the t(11;14) occurs in approximately
20% of cases and it is strictly associated with cyclin D1 over-
expression, suggesting that IHC may represent a reliable
means of identifying this lesion in MM. Interestingly, we
found that cyclin D1 expression significantly correlated with
the degree of bone marrow involvement, advanced clinical
stage and the presence of clinical symptoms. Further studies
are required to demonstrate whether cyclin D1 expression
can be considered a prognostic marker in MM.

23
PATHOGENETIC AND HISTOGENETIC HETEROGENEITY OF
B-LINEAGE DIFFUSE LARGE CELL LYMPHOMA
Gaidano G,1 Carbone A,2 Saglio G3

1Division of Internal Medicine, Department of Medical Sci-
ences, Amedeo Avogadro University of Eastern Piedmont,
Novara; 2Division of Pathology, INT-CRO, Aviano; 3Division
of Internal Medicine and Hematology, Department of Clinical
and Biological Sciences, University of Torino, Orbassano-Tori-
no, Italy

B-lineage diffuse large cell lymphoma (B-DLCL) is the
most common type of lymphoma in immunocompetent as
well as immunodeficient hosts. The extreme clinical hetero-
geneity of B-DLCL is thought to reflect a marked degree of
heterogeneity in the pathogenesis and histogenesis of this
lymphoma. Studies of B-DLCL pathogenesis have suggest-
ed the existence of at least three distinct molecular pathways
leading to the disease in immunocompetent hosts. The first
of these molecular pathways is identified by rearrangements
of BCL-6, a zinc finger transcription factor mapping to chro-
mosomal band 3q27, and clusters with B-DLCL developing
de novo in the absence of a previous follicular phase. The sec-
ond molecular pathway is identified by the combination of
rearrangement of BCL-2 and inactivation of p16 and/or p53
and clusters with B-DLCL transformed from a previous fol-
licular phase. The third molecular pathway associates with de
novo B-DLCL devoid of BCL-6 rearrangements and is
thought to associate with currently unidentified genetic
lesions. The molecular pathogenesis of immunodeficiency
related B-DLCL differs substantially from that of B-DLCL
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of immunocompetent hosts and frequently involves tumor
clone infection by Epstein-Barr virus in the absence of oth-
er known genetic alterations. Recently, the role of gene inac-
tivation through promoter methylation has been implicated
in B-DLCL pathogenesis, as exemplified by the case of 06-
methylguanine-DNA-methyltransferase (MGMT) and
death-associated protein kinase (DAP-kinase). MGMT
encodes a DNA repair protein that removes alkyls from the
O6 position of guanine and its loss of expression in
MGMT–/– knockout mice favors lymphomagenesis. In B-
DLCL of both immunocompetent and immunodeficient
individuals, inactivation of MGMT through promoter
methylation occurs in approximately 40% of cases. Immuno-
histochemical studies have shown that MGMT promoter
methylation associates with absent MGMT expression by
B-DLCL cells. Intriguingly, MGMT inactivation in B-
DLCL appears to be an independent factor of prognosis
which correlates with prolonged disease free survival and
overall survival after therapy with standard regimens. Because
MGMT inactivation abolishes the cellular capacity to repair
DNA damage induced by alkylating agents, it is thought that
cyclophosphamide may exert a more profound genotoxic
and, consequently, more effective therapeutic action in B-
DLCL lacking MGMT expression than in cases expressing
the enzyme. DAP-kinase is a serine/threonine kinase
required for apoptosis induced by interferon-gamma,
TNFalpha and FAS. Expression of DAP-kinase in human
tumors may be reduced or absent as a consequence of pro-
moter hypermethylation, thus increasing the pro-apoptotic
threshold of the tumor. Among B-DLCL, inactivation of
DAP-kinase through promoter hypermethylation is detect-
ed in 62% cases, including all clinico-pathologic variants of
the disease. Beside displaying pathogenetic heterogeneity,
B-DLCL also show a certain degree of histogenetic hetero-
geneity. Virtually all B-DLCL in both immunocompetent
and immunodeficient individuals are thought to derive from
germinal center related B-cells at various stages of differen-
tiation. This fact is documented by the association of B-
DLCL with well established histogenetic markers denoting
transit through the germinal center, such as somatically
acquired point mutations of the hypervariable regions of
immunoglobulin genes and mutations of the BCL-6 gene
regulatory regions. These studies have shown that also extra-
nodal B-DLCL, including cases primarily localized to the
central nervous system (i.e. primary central nervous system
lymphoma), are consistently related to germinal center B-
cells. Intriguingly, B-DLCL carrying mutations of BCL-6
appear to associate with improved disease free survival, sug-
gesting that these mutations may influence prognosis
through a currently unidentified mechanisms. Despite their
common origin from germinal center related B-cells, B-
DLCL are histogenetically heterogeneous since they may
reflect either classical germinal center cells (i.e. centroblasts
and centrocytes) or post-germinal center B cells (i.e.
immunoblasts). This notion is well established in the case of
B-DLCL of immunodeficient hosts, which have proven to
be a valuable model for the understanding of B-DLCL his-
togenesis. In this setting, in fact, the expression pattern of the
histogenetic markers BCL-6 and CD138/syndecan-1 allows
the distinction of B-DLCL reflecting a germinal center phe-
notype from B-DLCL reflecting a post-germinal center
stage of differentiation. The identification of histogenetic
subsets of B-DLCL may be of great clinical relevance, since
growing evidence in this and other diseases indicate that his-
togenesis may influence prognosis.

Symposium
ANTI-FACTOR VIII AND 

ANTI-FACTOR IX ANTIBODIES
(INHIBITORS) IN HEMOPHILIA

Chairmen: G. Mariani, V. Vicente

024
GENETIC BASIS OF FACTOR VIII INHIBITORS

Bernardi F

025
CELLULAR AND SEROLOGICAL ASPECTS OF FACTOR VIII
INHIBITORS

Saint-Remy JM
Center for Molecular and Vascular Biology, University of
Leuven, Leuven, Belgium

Factor VIII (FVIII) inhibitors, i.e. antibodies specific to
FVIII and able to inhibit FVIII pro-coagulant activity, rep-
resent an interesting challenge not only because of the
requirement for a form of therapy that can eliminate the for-
mation of such detrimental antibodies, but also in terms of
immunology and mechanisms of tolerance to self. FVIII
inhibitors are indeed present not only in patients with severe
hemophilia A and infused with FVIII, but also as part of an
auto-immune response in some auto-immune diseases or
spontaneously after surgery or pregnancy. Such antibodies
are also present in the natural repertoire of healthy people in
whom their inhibitory activity is neutralized by anti-idio-
typic antibodies. FVIII is made of more than 2,000 amino
acids, thus representing a very complex molecule, the
immunogenicity of which is hardly understood. In an
attempt to solve a number of issues related to its immuno-
genicity, we have started a systematic evaluation at clonal
level of both the humoral and cellular arms of the response.

Thus, B-cell clones have been generated from the B-mem-
ory cell repertoire of hemophilia A patients with inhibitors,
from which human monoclonal antibodies (hu-mAbs) have
been obtained. These hu-mAbs are being used to: (1) define
with precision the FVIII epitope to which they bind; (2)
evaluate at the molecular level the mechanism by which such
antibodies inhibit the procoagulant activity of FVIII; (3)
identify the origin of anti-FVIII antibodies by comparing
variable part sequences between different hemophilia A and
auto-immune patients; (4) provide a support for evaluating
idiotype-anti-idiotype interactions.

T-cell clones have also been derived from the peripheral
blood of hemophilia A patients. These are being analyzed:
(1) to determine the mechanisms by which they are activat-
ed; (2) the profile of cytokines secreted; (3) the major T-cell
epitopes of FVIII; (4) the preferential usage of MHC-class
II determinants, which could provide a means of identifying
patient-related risk factors.

Thanks to the availability of different animal models, it is
hoped that such strategy will help to identify ways of thera-
peutically controlling the anti – FVIII immune response in
patients.
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26
TREATMENT OF INHIBITORS IN HEMOPHILIA

Mariani G
Hematology, University  of  Palermo

The appearance of an inhibitor is the severest complica-
tion that may arise in hemophilia treatment. The treatment
strategy for bleeding in patients with an inhibitor requires (i).
knowledge of the actual inhibitor titer, (ii). information on
the type of anamnesis (high or low responder) and, (iii). a
thorough evaluation of the bleeding episode. Ideally, the
optimal treatment of a bleeding complication should be
based on obtaining hemostatically effective levels of the miss-
ing factor. This is possible only in low responders (max. his-
torical inhibitor  titer < 10 U), or when the inhibitor titer is
low. However, this treatment modality  brings about a brisk
anamnesis and therefore, clashes with the widely accepted
belief of keeping the inhibitor titer as low as possible. Thus,
in general, concentrates of the missing factor should be
administered  in low responders, only or in the case of high
responders with a low titer, only in emergencies when it is
difficult to treat with other means. At any rate, when con-
centrates have to be administered, the dose must be assessed
on the grounds of the current inhibitor titer.

When bleeding occurs and the inhibitor titer is high, either
porcine FVIII or the bypassing agents (FEIBA™ or Novo-
seven™) can be used, depending on the anti-porcine FVIII
titer and the clinical setting. Bypassing agents are effective in
70-90% of the cases, and Novoseven is apparently more effi-
cacious. Inhibitors to FIX are much rarer than those to FVI-
II but up to 50% of the patients have allergic reactions which
may lead to a  nephrotic syndrome.

As the quality of life of a hemophilic patient with an
inhibitor is generally poor anyway, it is always important to
consider an immune tolerance regime, the only  treatment
modality which  may modify the natural history of an
inhibitor. This treatment procedure is becoming very popu-
lar, notwithstanding the costs. It is based on  the adminis-
tration of high doses of FVIII (50-300 IU/Kg b.w./day),
which, after a variable interval of time (6 months to 3 years),
may lead to the disappearance of the inhibitor and the sup-
pression of the immune reaction to FVIII.  The Interna-
tional Registry of  Immune tolerance protocols (comprising
315 patients) has indicated the variables associated with suc-
cess (in order of significance): the FVIII dose (high vs. low),
the inhibitor titer before treatment (low vs. high) and the
time between inhibitor diagnosis and beginning of treat-
ment. Such variables, in clusters, enabled the identification
of patients with favorable prognostic indicators in whom the
response is rapid and the response rate high: children, treat-
ed soon after inhibitor appearance and  with high or inter-
mediate dosages of FVIII ( > 100 IU/Kg b.w./day). Fur-
thermore, treatment, when carried out in this subset of
patients, becomes more affordable.

Lunch Meeting
OSTEOGENESIS AND OSTEOLYSIS

IN HEMATOLOGY
Chairmen: A. Pileri, S. Tura

27
BONE PHYSIOPATHOLOGY

Angeli A

28
MARROW MICROENVIRONMENT AND HEMATOPOIESIS

Carlo-Stella C
Bone Marrow Transplantation Unit, Istituto Nazionale
Tumori, University of Milano, Milano, Italy

Microenvironmental marrow components can modify the
proliferative and differentiative behavior of hematopoietic
stem cells (HSCs) by means of (i) cell-to-cell interactions, (ii)
interactions of cells with extracellular matrix (ECM) mole-
cules, and (iii) interactions of cells with soluble growth reg-
ulatory molecules. Marrow stromal cells (MSCs) provide the
physical framework within which hematopoiesis occurs, play
a role in directing the processes by synthesizing, sequester-
ing or presenting growth-stimulatory and growth-inhibito-
ry factors, and also produce numerous extracellular matrix
proteins and express a broad repertoire of cell adhesion mol-
ecules (CAM) that serve to mediate specific interactions with
hematopoietic stem/progenitor cells of both myeloid and
lymphoid origin. Despite their regulatory role, it seems
improbable that hematopoiesis is only regulated by a ran-
dom mix of growth factors and responsive cells. Rather,
localization phenomena within marrow stroma are required
to sustain and regulate hematopoiesis. Although it is com-
monly accepted that stem cells are capable of homing to the
marrow and docking at specific sites, the exact role of MSCs,
CAMs, and ECM proteins in regulating the localization and
spatial organization of HSCs in the marrow remains a mat-
ter of hypothesis. Studies in animals demonstrated that stem
and progenitor cells have a different distribution across the
femoral marrow cavity of the mice, thus suggesting that mar-
row stroma is organized into functionally discrete environ-
ments, such as primary microenvironment and secondary
microenvironment areas, allowing distinct differentiation pat-
terns of hematopoietic stem cells. The stem cell niche hypoth-
esis suggested that certain microenvironmental cells of the
marrow stroma could maintain the stem cells in a primitive,
quiescent state. Another mechanism supporting the concept
of specialized microenvironmental areas is represented by
stroma-mediated, compartimentalized growth factor pro-
duction. Growth factor produced locally by stromal cells may
bind to the extracellular matrix and be presented to immo-
bilized target cells which recognize each growth factor
through specific receptors. This mechanism may provide the
opportunity for localizing distinct growth factors at relative-
ly high concentrations to discrete sites. A growing body of
evidence suggests that marrow stroma is not only involved in
regulating myeloid cell growth but also in T- and B-cell lym-
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phopoietic development. Distinct adhesion molecules and
cytokines are known to regulate stroma-dependent T- and
B- lymphopoiesis, suggesting that marrow stroma may func-
tion as a site of T- as well as B-cell lymphopoiesis. In con-
clusion, the crosstalk between receptors and counter-recep-
tors broadly distributed on HSCs and MSCs represents an
attractive target for therapeutic intervention aimed at mod-
ulating cytokine production, hematopoietic cell homing or
stromal cell function.

29
METABOLIC AND NEOPLASTIC OSTEOPATHY

R. Bartl

30
BONE AND MULTIPLE MYELOMA

Cavo M
Istituto di Ematologia e Oncologia Medica "Seràgnoli", Univer-
sità di Bologna, Italy

Multiple myeloma (MM) is commonly associated with
bone lesions causing bone pain, fractures, spinal cord com-
pression, disturbances of calcium metabolism and renal fail-
ure. Bone pain is often severe and accounts for most of the
poor quality of life in affected patients. Moreover, patholog-
ic fractures and hypercalcemia are also major causes of mor-
bidity, and some mortality, associated with the disease. Bone
destruction is the consequence of an uncoupling process asso-
ciating increased osteoclastic resorption with normal or
decreased bone formation. Excessive osteoclastic resorption
is an early phenomenon, as opposed to the inhibition of
osteoblastic activity which occurs later in the course of the
malignancy. Early histomorphometric studies showing that
increased numbers of osteoclasts are in close proximity of
myeloma cells suggested that several factors produced either
by tumor plasma cells or other cells (i.e. microenvironmen-
tal stromal cells) could be involved in the pathogenesis of
skeletal disease. At this time, interleukin (IL-6), its soluble
receptor, and IL-1β appear to be the most critical factors
involved in the occurrence of lytic bone lesions. Other
hematopoietic growth factors, mainly M-CSF and TGFβ,
could also play a crucial role. Diagnosis and treatment of
bone disease are essential in the management of MM
patients. Second-generation bisphosphonates, which are
potent inhibitors of osteoclastic activity, have been proven
useful in slowering the progression of bone disease and treat-
ing MM-associated hypercalcemia. Third-generation bis-
phosphonates seem to be 2 to 3 logs more potent than the
previous ones in preclinical models and hold promise for fur-
ther improvement upon the reduction in skeletal morbidity
in MM patients.

LECTURE

31
MDR. HOPES, DISAPPOINTMENTS AND PERSPECTIVES

Baccarani M
Cattedra di Ematologia, Dipartimento di Ricerche Mediche e
Morfologiche e Clinica Ematologica, Policlinico Universitario,
Università di Udine

Knowledge, interpretation and exploitation of drug resis-
tance suffers from a number of difficulties that are partly
technical, partly biological, partly clinical, and eventually con-
tribute to a false perception of the concept of drug resistance.
We would all like a reliable method of assessing drug resis-
tance, and that one resistance mechanism is operative in any
single case that the mechanism is genetically-based and is a
stable characteristics of the cells, and that there is a signifi-
cant relationship with treatment outcome. Unfortunately
methods are sometimes unreliable or not yet standardized
and frequently indirect, more than one mechanism is usual-
ly activate, the expression of resistance can be phenotypic
and not genetically based (as is usually the case with typical
and atypical MDR), and clinical outcome depends on other
variables besides treatment. Moreover we would all like to be
able to classify a case as resistant or not, but the definition of
resistance is difficult because the expression of resistance is
variable (from high to low) and can concern only a small pro-
portion of leukemic cells, and yet these cells can be crucial to
leukemia maintenance and relapse. After all, when one
makes an attempt to bypass drug resistance in vivo, the first
obstacle is an increase of toxicity. Therefore although drug
sensitivity is the basic requirement for any treatment and
although one can hardly imagine curing cancer or leukemia
with agents that are not toxic to cancer or leukemic cells,
drug sensitivity and drug resistance are still looked upon with
some suspicion and annoyance. At the last meeting of the
American Society of Hematology, New Orleans 1999, drug
resistance was not even mentioned in any of the education-
al sessions. Moreover, there is a tendency to analyze and to
use drug resistance data not as a source of specific knowledge,
but as a prognostic factor, like tumor size, proliferation indi-
cators, cell phenotype, cytogenetics, age and so on, without
paying attention to the fact that it is one thing is to predict
a poor outcome and it is another to identify resistance, either
specific or pleiotropic. In leukemia, a complex karyotype is
clearly associated with a poor outcome but does not (yet) tell
us why the cells are resistant, to which drugs they are resis-
tant, and what the mechanisms are underlying the resistance.
We think that there is little sense in affirming that a factor
is prognostically more important than identification of drug
resistance. The development of so-called risk-adapted strate-
gies eventually leads only to an increase of treatment burden.
The logic of this approach is limited, as is clearly evident in
the elderly, in whom treatment intensification is impossible
and should be replaced by treatment selection. Knowledge of
drug resistance should help not only to select active drugs but
also to avoid non-active drugs, and hence to limit toxicity.
Leukemia of the elderly is still an example of refusing or
ignoring the implications of drug resistance studies. By
almost universal agreement, treatment of leukemia of the
elderly is poorly effective and too toxic, but although drug
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096
AUTOLOGOUS STEM CELL TRANSPLANTATION IN LYM-
PHOMA PATIENTS AFTER HEPATITIS B REACTIVATION:
THE ROLE OF LAMIVUDINE

Silvestri F, Fuga G, Ermacora A, Sperotto A, Patriarca F,
Damiani D, Fanin R, Baccarani M
Division of Hematology and Department of Bone Marrow
Transplantation, University Hospital,Udine, Italy

In the recent past high-dose chemotherapy (CHT) fol-
lowed by autologous stem cell transplantation (ASCT) has
been increasingly used as consolidation treatment for high-
risk non-Hodgkin’s lymphomas (NHL). Among chronic
carriers of hepatitis B virus receiving CHT for NHL, a reac-
tivation of virus replication has often been observed and this
may give rise to hepatitis, hepatic failure and death, and may
prevent from performing further therapy including trasplan-
tation procedures, from being performed. Herein we present
our experience in four patients with NHL in whom, a hepati-
tis flare-up was observed after 2 (in three patients) and 6 (in
one patient) cycles of standard-dose chemotherapy. The
patients were affected by mantle cell, follicle center grade
III, peripheral T-cell unspecified and diffuse large B-cell,
respectively, were male, aged 39, 47, 52 and 62 years and
were HCV and HIV negative. In all patients, pretreatment
HBV serology was as follow: HbsAg positive, HbeAg neg-
ative, total anti-c Ab positive, IgM anti-c negative, anti-e Ab
positive and anti-s Ab negative. Three of them were treated
with the third generation F-MACHOP regimen (Infanti et
al., 1996) whereas the oldest patient was treated with the
classic CHOP regimen. HBV-DNA was negative before
starting chemotherapy and became positive in all four
patients at a median of 26 (19-34) days after the previous
cycle of chemotherapy. After spontaneous recovery the
patients were  treated with lamivudine (Zeffix, Glaxo-Well-
come, 100 mg once daily) and this allowed the chemother-
apy program to be resumed and completed without another
reactivation of hepatitis B. In two patients high-dose
chemotherapy and autologous stem cell tranplantation was
also performed under lamivudine as a part of our program for
high-risk NHL. The hematologic recovery after chemother-
apy overlapped with that of other patients with NHL sub-
mitted to ASCT. Antiviral treatment was stopped 4 to 6
months after the last chemotherapygiven. During the fol-
low-up period they were monitored with twice-monthly
blood counts, transaminase levels and HBV-DNA: all these
parameters remained normal/negative all throughout the
period. Currently, patient B.S. is in complete remission (CR)
19 months from diagnosis and 13 months from the end of
chemotherapy; patient D.F.A. is in CR 22 months from
diagnosis and 12 months from the end of chemotherapy,
patient V.E. is in CR 34 months from diagnosis and 26
months from trasplantation; patient C.G. is in CR 23
months after diagnosis and 6 months after transplantation.
These data suggest a possible role for lamivudine in pre-
venting hepatitis B reactivation during administration of
chemotherapy to chronic carriers of hepatitis B virus. More-
over lamivudine enables the completion of both standard and
hig-dose chemotherapy with autologous transplantation in
patients with previous hepatitis B reactivation.

ORAL COMMUNICATIONS
session 17

097
SELF-RENEWAL POTENTIAL OF PURIFIED MURINE
HEMATOPOIETIC STEM CELLS PURIFIED ACCORDING
TO THE SCA1+ OR THE 15.1.1- PHENOTYPE IN NON-
ABLATED W/WV MICE

Carta C, Lorenzini L, Marsilli L, Spangrude J, Migliaccio
G, Migliaccio AR
Laboratorio di Biologia Cellulare, Biochimica Clinica, and
Servizio Prevenzione e Sicurezza Animale, Istituto Superiore di
Sanità, Rome, Italy and University of Utah Health Sciences
Center, Salt Lake City, Utah, USA 

The biological properties of two marrow cell populations
containing purified murine hematopoietic stem cells (HSC)
(light density, wheat germ agglutinin (WGA)+ bone marrow
cells further divided into either 15.1.1- or Sca1+ cells) were
compared. Consistent with the hypothesis that Sca1+ cells
contain more HSC than 15.1.1- cells, Sca1+ cells were less
frequent in the bone marrow (0.05 % vs 0.1%, respectively)
and engrafted more efficiently and at later time points non-
ablated W/Wv mice (125 Sca1+ vs 1500 15.1.1-cells induced
donor hematopoiesis in 100% of the host mice. In mice
transplanted with 15-1.1- cells, donor cells were detected as
early as at 1.5 months after the transplant and all of them
were engrafted by 6 months. In contrast, some of the recip-
ients of Sca.1+ cells did not express donor hematopoiesis
until 6-12 months after the transplant). Other data, howev-
er, suggested that 15.1.1- cells are more immature than
Sca1+ cells. In fact, Sca1+ cells are metabolically/cycling
more active than 15.1.1- cells (rhodamine exclusion enrich
for cells with engrafting potential the 15.1.1-, but not the
Sca1+ fraction) and express detectable levels of differentia-
tion-associated genes such as Gata1 and EpoR by RT-PCR).
Furthermore, 15.1.1- cells generate more HSC in vivo than
Sca1+ cells (10 million TBM of primary 15.1.1- recipients
engraft 80% of the secondary transplanted animals vs only
12% of the animals engrafted when transplanted with simi-
lar TBM doses from primary Sca1+ recipients). To clarify the
relationship between 15-1.1- and Sca1= cells, 15-1.1-/+ cells
were further divided according to the Sca phenotype.
Although all the Sca1+ cells were found to be 15.1.1-, 15.1.1-
cells contained both Sca1+ and Sca1- cells (in a 1:10 ratio).
However, all the engraftment activity was contained in the
Sca1+ fraction of the 15-1.1- cells, confirming that Sca1+
cells are the cells that engraft the primary recipients. How-
ever, none of the 35 animals transplanted with the bone mar-
row from 7 different W/Wv mice engrafted with the 15.1.1-
Sca1+ cells expressed C57BL hematopoiesis, confirming that
Sca1+ cells are not able to generate HSC in vivo. These data
suggest that the 15.1.1- fraction contain cell precursors capa-
ble of generating HSC in vivo but that are not Sca1+ and do
not engraft primary animals.
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098
EVALUATION OF MINIMAL RESIDUAL DISEASE IN
INV(16) POSITIVE ACUTE MYELOID LEUKEMIA BY QUAL-
ITATIVE AND QUANTITATIVE RT-PCR ASSAYS OF
CBFß/MYH11 FUSION TRANSCRIPTS

De Micheli D,1 Pilatrino C,1 Serra A,1 Gottardi E,1 Parziale
A,1 Tessore N,1 Marmont F,2 Diverio D,3 Lo Coco F,3

Guerrasio A,1 Saglio G1

1)Dipartimento di Scienze Cliniche e Biologiche, Università di
Torino, Orbassano, Torino. 2)Divisione di Ematologia, Osp S
Giovanni Battista, Torino. 3)Dipartimento di Biotecnologie
Cellulari ed Ematologia, Università “La Sapienza”, Roma

The pericentric inversion of inv(16)(p13q22), closely asso-
ciated with FAB M4Eo acute myeloid leukemia (AML) sub-
type, is present in about 10% of adult AMLs and results in
the transcription of a specific CBFβ/MYH11 fusion mRNA.
RT-PCR for CBFβ/MYH11 transcript can be used for
diagnostic purposes as well as for the detection of minimal
residual disease (MRD) after conventional or transplanta-
tion treatments. Qualitative RT-PCR studies of MRD have
so far produced conflicting results with some patients in
long-term clinical remission being persistently positive; thus,
qualitative RT-PCR seems of limited prognostic value in a
consistent proportion of cases. We have retrospectively eval-
uated MRD in a large series (35 patients) of CBFβ/MYH11
positive AMLs employing both qualitative and quantitative
(REAL TIME RT-PCR) approaches. In qualitative studies,
carried out by nested RT-PCR assay, sequential bone mar-
row samples were positive in all patients in complete remis-
sion (CR) after induction and consolidation therapy; how-
ever, follow-up samples were found to be persistently nega-
tive in patients remaining in continuous CR (CCR) for more
than 12 months; in contrast, the detection of CBFβ/MYH11
transcript after 1 year of CR was strongly associated with
impending relapse. Thirteen patients were sequentially eval-
uated by quantitative REAL-TIME RT-PCR assay: the
CBFβ/MYH11 transcript copy number was calculated as
the normalized value of CBFβ/MYH11 transcript per the
copy number of control transcript, ABL mRNA. A 2-3 log
decline of fusion transcript copy number was observed after
induction/consolidation therapy with a lower level observed
in patients treated with high-dose ARA-C regimen; more
important, after achieving CR, the mean copy number was
lower in patients remaining in CCR compared to patients
who subsequently relapsed. Moreover, in CCR patients the
copy number fell under the detection threshold soon after the
treatment protocol was completed and remained undectable
over time, thus overlapping the results obtained with quali-
tative RT-PCR. In the seven patients who relapsed the copy
number found in CR never declined under the detection
threshold; at relapse, transcript levels were roughly equiva-
lent to those observed at diagnosis. Two major conclusions
can be drawn from the above results: i) patients remaining in
CCR are persistently negative by RT-PCR assays in follow-
up samples obtained 1 year after achieving CR and after-
wards; ii) higher levels of CBFβ/MYH11 transcripts are pre-
sent in CR samples from patients who subsequently relapse
than from patients in CCR. This finding, if confirmed in a
larger series of patients in a prospective study, should confer
an important predictive value to quantitative PCR determi-
nations of MRD in CR patients with inv(16) leukemia.

099
CLONAL EVOLUTION OF BCR-ABL-TRANSDUCED
HEMATOPOIETIC PROGENITORS IS CORRELATED WITH
LEVEL OF BCR-ABL EXPRESSION

Pattacini L, Brusa G, Campanini F, Piccioli M, Santucci
MA
Istituto di Ematologia e Oncologia Medica “L.A. Seràgnoli”,
Università di Bologna

The expression of bcr-abl chimeric gene, the molecular
marker of chronic myeloid leukemia (CML) is known to
deliver a strong proliferation signal that, in turn, permits the
illegitimate expansion of clonal hematopoiesis over its nor-
mal counterpart. However, the steps involved in the pro-
gression of CML progenitors toward a fully transformed
phenotype are still poorly understood. We investigated bcr-
abl gene amplification as a pathway responsible for the escape
of bcr-abl-transduced hematopoietic progenitors from cell
proliferation regulatory controls. To this purpose, we sequen-
tially measured bcr-abl expression levels in a 32D cell line
transducing a temperature-sensitive p210 bcr-abl construct
which retains the abl tyrosine kinase activity only at the per-
missive temperature of 33°C. To quantify the levels of bcr-
abl transcript we developed a competitive PCR strategy ful-
filling the requirements of sensitivity (it detects transcription
levels of 1x106 molecules/mg total RNA magnitude) and
reproducibility (the standard error is repeatedly less than
10%). In the first 10 days following transfection and selec-
tion in G418-additioned medium, bcr-abl-transduced 32D
cells showed a rapid increase of bcr-abl transcript approach-
ing 5x108 molecules/mg total RNA, and only at that point
developed the factor-independence. In 5-8 weeks following
the cloning, IL-3-independent bcr-abl-transduced 32D cells
further increased bcr-abl expression levels up to approxi-
mately 1x109 molecules/mg total RNA and developed resis-
tance to radiation-induced apoptotic death. Our results are
consistent with a role for the increase of bcr-abl transcription
rate in clonal selection and evolution of bcr-abl-transduced
cells and support our effort to build up a prognostic classifi-
cation of CML patients on that basis.

100
FUNCTIONAL ACTIVITY AND ONCOGENIC POTENTIAL OF
FGFR3 MUTANTS OVEREXPRESSED IN MULTIPLE
MYELOMA CELL LINES WITH T(4;14)

Ronchetti D, Lombardi L, Bogni S, Finelli P, Greco A,*
Compasso S, Otsuki T,° Maiolo AT, Neri A
Servizio di Ematologia, Dipartimento di Scienze Mediche, Uni-
versità degli Studi, Ospedale Maggiore IRCCS, Milano 20122;
*Oncologia Sperimentale A, Istituto Nazionale Tumori, Milano,
20133, Italy; °Department of Hygiene, Kawasaki Medical
School, Okayama 701-0192, Japan

The t(4;14)(p16.3;q32) chromosomal translocation is asso-
ciated with approximately 20% of multiple myelomas (MM)
and results in the deregulation of the FGFR3 and
WHSC1/MMSET genes. FGFR3 codes for a tyrosine-kinase
receptor involved in signaling transduction regulating cell
growth and differentiation. Interestingly, FGFR3 point muta-
tions known to be associated with autosomal dominant human
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skeletal disorders have been found in some MM cell lines with
the t(4;14); however, their pathogenetic role in MM is still
controversial since they occur rarely in primary tumors, as we
have previously reported. In the present study, we investigated
the functional activity and oncogenic potential of FGFR3
mutants in MM cell lines KMS11 (Y373C), OPM2 (K650E),
and the recently established KMS18, in which we identified the
novel mutation G382D. This mutation occurs within the
transmembrane domain in a highly conserved pentameric
sequence thought to play an important role in receptor dimer-
ization. FGFR3 is overexpressed, albeit at different levels, in
the three cell lines; notably, the mutated FGFR3 allele is
expressed in all of them almost exclusively. We demonstrated
in serum-deprived cells, in the absence or presence of suramine
(a competitor of FGFs), that KMS11 and OPM2 cell lines
express phosphorylated FGFR3 at appreciable levels, indicat-
ing a constitutive activation of the mutated receptors. Howev-
er, addition of a FGF ligand to serum-deprived KMS11 and
OPM2 cells increased the level of receptor phosphorylation.
Conversely, G382D in KMS18 appears not to be an activat-
ing mutation since the receptor is phosphorylated only in the
presence of the ligand. We also examined the transforming
activity of the three FGFR3 mutants by focus formation assay
in NIH3T3 cells and found that Y373C and K650E but not
G382D, are able to induce transformed foci. These data pro-
vide new insights into our understanding of the tumorigenic
role of FGFR3 in MM.

101
AUTOLOGOUS PERIPHERAL BLOOD PROGENITOR CELL
TRANSPLANTATION IN UNRESPONSIVE MULTIPLE SCLE-
ROSIS

Saccardi R,* Mancardi GL,° Bacigalupo A,#  Bosi A,* Di
Bartolomeo P,@ Gualandi F,# La Nasa G, Murialdo A,°
Lombardini L,* Pagliai F,* Papineschi F,^ Marmont AM#
and the Italian Cooperative Group
*BMT Unit, Osp. Careggi, Firenze, #BMT Unit, °Neurology
Dpt., Osp. S. Martino, Genova, @BMT Unit Osp. Binaghi,
Cagliari, fBMT Unit, Pescara, ^BMT Unit Osp. S.Chiara,
Pisa

Multiple Sclerosis (MS) is characterized by inflammatory
lesions in the central nervous system (CNS) white matter
probably due to an autoimmune reaction to myelin. Active
lesions show  blood brain barrier (BBB) damage, which may
be demonstrated by gadolinium (GOL) enhancement at
magnetic resonance imaging (MRI); the lesions then persist
in the CNS after recovery of the abnormal BBB permeabil-
ity. We designed a study mainly directed to investigate MRI
and laboratory changes following autologous peripheral
blood progenitor cell (PBPC) transplantation in patients
affected by advanced, poor prognosis and refractory MS. The
study was approved by both the Italian Cooperative Group
for BMT (GITMO) and the local ethical comittee; at pre-
sent 15 Centers have joined the study, fullfilling the accred-
itation criteria adopted for Neurology and Radiology Depts
and BMT Units. Patients were mobilized with CTX 4 g/m2

plus filgrastim 5 µg/Kg and conditioned with BEAM fol-
lowed by rabbit ATG (Thymoglobulin IMTIX-Sangstat, 5
mg/Kg on days +1 and +2). CyA 1 mg/Kg i.v. was added
during the BEAM regimen to prevent cytokine release. Ten
patients from 5 Centers were transplanted; the procedure

was well tolerated and no serious adverse events were report-
ed. All patients engrafted promptly and were discharged
from the BMT Unit within two weeks after BMT. A marked
inversion of circulating CD4+/CD8+ ratio and a low CD19+
count were shown; 7/10 patients showed, a few months after
PBPC transplantation, an improvement of 1 or 0.5 points of
the EDSS scale and at least 10 points of Scripps scale, with
a median follow-up of 8 months; the other 3 cases remained
stable. The number of Gd enhancing lesions started to
decrease after the mobilization treatment and 2-4 months
after transplantation dropped to zero. These preliminary data
indicate that PBPC transplantation can be effective in
removing inflammatory activity in MS, as judged by MRI
parameters, and could therefore become a possible therapy
for severe unresponsive rapidly progressing MS. The dura-
tion of the anti-inflammatory response and the effects on
the enlarging and new areas appearing on T2-weighted
images are still to be clarified.

102
ABERRANT METHYLATION OF DEATH-ASSOCIATED PRO-
TEIN KINASE IN B-CELL NEOPLASIA

Vivenza D,1 Carbone A,2 Rossi D,1 Vitolo U,3 Fassone L,1
Gloghini A,2 Benevolo G,1 Botto B,3 Nomdedeu J,4 Gutier-
rez M,5 Bhatia K,5 Saglio G,6 Gaidano G,1 Capello D1

1Department of Medical Sciences, Amedeo Avogadro Universi-
ty of Eastern Piedmont, Novara; 2Division of Pathology,
C.R.O.-I.N.T., Aviano; 3Division of Hematology, A.O. S.
Giovanni Battista, Torino; 6Department of Clinical and Bio-
logical Sciences, University of Torino, Orbassano, Italy; 4Divi-
sion of Hematology, HSCSP, Barcelona, Spain; 5Lymphoma
Biology Section, NCI-NIH, Bethesda, MD, USA

B-cell neoplasias form a heterogeneous group of lympho-
proliferative disorders derived from the clonal expansion of
B-cells arrested at different stages of maturation. Many
advances have been made in the understanding of the patho-
genesis of B-cell neoplasias, and growing evidence impli-
cates deregulation of programmed cell death (apoptosis) in
the pathogenesis of these malignancies. Death-associated
protein kinase (DAP-kinase) is a newly discovered calci-
um/calmodulin-dependent serine/threonine kinase required
for apoptosis induced by interferon gamma, tumor necrosis
factor-alpha and FAS. Expression of DAP-kinase in human
tumors may be reduced or absent as a consequence of pro-
moter hypermethylation, thus increasing the pro-apoptotic
threshold of the tumor clone. On this basis, the aim of our
study was to evaluate the involvement of DAP-kinase hyper-
methylation throughout the spectrum of B-cell neoplasias
recognized by the WHO classification. Toward this aim, a
panel of 201 B-cell tumors representative of the clinico-
pathologic spectrum of the disease was analyzed by methy-
lation-specific polymerase chain reaction. Overall, DAP-
kinase hypermethylation was detected in 76/179 (42%)
mature B-cell neoplasms and in 3/22 (14%) precursor B-cell
acute leukemias. With respect to mature B-cell neoplasia,
the frequency of DAP-kinase hypermethylation varied
markedly in different clinico-pathologic categories of the dis-
ease. The highest frequency of DAP-kinase hypermethyla-
tion was observed in follicular lymphoma (8/10; 80%) and in
low-grade MALT-lymphoma (8/11; 73%). Conversely,
among other indolent lymphoproliferative disorders, DAP-
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kinase hypermethylation was consistently absent in lympho-
plasmocytoid lymphoma (0/9) and was restricted to a minor-
ity of B-cell chronic lymphocytic leukemias (6/22; 27%) and
hairy cell leukemias (3/11; 27%). Also, DAP-kinase was
restricted to 4/18 (22%) mantle cell lymphoma. Among
aggressive B-cell lymphomas, DAP-kinase hypermethyla-
tion occurred in 34/55 (62%) B-lineage diffuse large cell lym-
phomas (B-DLCL) and in 13/27 (48%) Burkitt’s lym-
phomas. DAP-kinase hypermethylation occurred through-
out the clinico-pathologic spectrum of B-DLCL, including
systemic nodal B-DLCL (61%), extranodal B-DLCL
(40%), CD5+ B-DLCL (83%), primary splenic B-DLCL
(70%), CD30+ anaplastic B-DLCL (67%) and primary cen-
tral nervous system lymphoma (75%). Finally, DAP-kinase
hypermethylation was consistently absent in multiple myelo-
ma and plasma cell leukemia (0/16). The implications of
these data are threefold. First, inactivation of DAP-kinase by
promoter hypermethylation represents a frequent lesion in B-
cell malignancies and conceivably represents a major event in
the development and/or progression of these diseases. Sec-
ond, the frequency of DAP-kinase hypermethylation is het-
erogeneous among the different subsets of mature B-cell
neoplasia, corroborating the existence of multiple patho-
genetic pathways in these tumors. In particular, it is notable
that the highest frequency of DAP-kinase hypermethylation
clusters with follicular lymphoma, a tumor in which apopto-
sis deregulation is thought to play a predominant role. Final-
ly, the identification of DAP-kinase hypermethylation as a
mechanism of altered apoptotic control in B-cell neoplasia
may provide a novel target for molecular therapy.
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103
CANINE CD34+LIN- HEMATOPOIETIC CELLS TRANS-
DUCED WITH RETROVIRAL VECTORS GIVE RISE TO
LONG-TERM MONO-MYELOID AND LYMPHOID
HEMATOPOIESIS

Benedetto B*°, Goerner M*, Nash RA*, Storb R*, Kiem H-
P*, McSweeney P*
*Divisione Universitaria di Ematologia, Az.Osp.S.Giovanni
Battista, Turin, Italy °Clinical Research Division, Fred
Hutchinson Cancer Research Center, and University of Wash-
ington School of Medicine,Seattle, WA, USA

In vitro studies have suggested roles for both human and
murine CD34-Lin- and CD34+ Lin- progenitor cells in
hematopoietic recovery after transplantation, consistent with
the concept that CD34- stem cells exist. Using a canine autol-
ogous transplant model, we evaluated short- and long-term
repopulating abilities of canine CD34+Lin- and CD34-Lin-
marrow cells. Marrow cells were immunomagnetically
enriched for depleted of CD34+ cells, and further purified by
fluorescence activated cell sorting (FACS) to select
CD34+Lin- (CD34+CD3-CD14-) and CD34-Lin- (CD34-
CD3-CD14-) cell populations. Mean cell yields of
CD34+Lin- cells and CD34-Lin- cells were 3.25 x106 (range

2.7-4 x 106) and 11x106 (range 4.2-18.4 x 106), respectively,
with mean purities of 98% (range 97%-99%) and 99% (range
98%-100%), respectively. Separately, the two cell populations
were retrovirally transduced with the vectors LN and LNY,
respectively, by co-cultivation on irradiated PG13 based pack-
aging cells. LN and LNY carried the neomycin (neo) resis-
tance gene and short sequence differences allowed cells
marked with each of the vectors to be distinguished by PCR
using the same set of primers. Three dogs were transplanted
with both CD34+Lin- cells (cell doses infused: 4.3x106,
2.9x106 and 4x106) and CD34-Lin- cells (cell doses infused:
5x106, 2.3x106 and 2x106) after myeloablative total body irra-
diation (920 cGy). Two additional dogs were given only
CD34-Lin- cells (cell doses infused: 1.9x106 and 6.5x106). At
transplant, dogs also received non-transduced cryopreserved
autologous bone marrow or enriched CD34+ cells to ensure
rapid hematopoietic recovery. Transduction efficiencies, by
standard CFU-C assays, ranged from 6% to 18% in the
CD34+Lin- cells. No neoresistant CFU-C formation was
observed with CD34-Lin- cells. All dogs readily engrafted.
DNA for molecular studies was extracted weekly after trans-
plant from white blood cells. To evaluate the presence of the
neo gene in mono-myeloid and lymphoid lineages, in two
dogs given both CD34+Lin- and CD34-Lin- cells, DNA was
extracted from monocytes, granulocytes and T-cells, which
were purified by FACS at 7.5 and 9 months post-transplant,
respectively. LN was detected in white blood cells from all
dogs infused with transduced CD34+Lin- cells. Gene trans-
fer levels were up to 10% with a median follow-up of 12
months (range 10-13 months). LN was also detected in all
sorted mono-myeloid and lymphoid populations. The LNY
vector was not detected in blood cells from the dogs infused
with CD34-Lin- cells with a median follow-up of 11 months.
Our study showed that highly purified CD34+Lin- cells were
successfully transduced with retroviral vectors and contributed
to short- and long-term engraftment of both mono-myeloid
and lymphoid lineages. A CD34- stem cell was not detected
with this experimental design.

104
FLUORESCENCE IN SITU HYBRIDIZATION FOR DETEC-
TION AND MONITORING TRISOMY 12 IN B-CELL CHRON-
IC LYMPHOCYTIC LEUKEMIA: A STUDY OF PERIPHERAL
BLOOD IN 17 PATIENTS

Capalbo S, Battista C, Delia M, Ciancio A, De Santis G,
Liso V
Hematology, University of Bari, Bari - Italy

Trisomy 12 has been described as a common abnormali-
ty in B-cell chronic lymphocytic leukemia (B-CLL), but the
clinical significance of +12 in B-CLL is still not clear.1 With
interphase fluorescence in situ hybridization (FISH)2 it is
possible to detect the trisomic clone in different hemopoiet-
ic tissues3 and monitor it over time.4 Few sequential cytoge-
netic studies have been done and the data reported are con-
flicting.5,6,7 The aim of this study was to evaluate the sequen-
tial changes of trisomic clones in patients with B-CLL dur-
ing the course of their disease and following chemotherapy.
In this study peripheral blood lymphocytes from 17 patients
with B-CLL (13 males / 4 females; mean age 59.7 years,
range 36-82) were sequentially evaluated by FISH at diag-
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nosis and after treatments over a mean interval of 31 months
(2 - 72). The diagnosis of CLL was made according to
N.C.I. criteria. According to Binet classification 4 patients
were in stage A, 9 in stage B and 4 in stage C. All patients
received the following treatment: chlorambucil (CLB) or
combination regimen including anthracyclines (CHOP-like)
in 6 cases; CLB, CHOP in 5 cases; CLB, fludarabine
(FAMP) in 3 cases; CLB, CHOP, FAMP in 3 cases. FISH
was performed on the peripheral blood of the above patients
using published methods8 with a direct labeled alphoid chro-
mosome 12 specific probe (Figure 1). For each sample, at
least 300 nuclei were scored using a fluorescence microscope.
A trisomy 12 level of >2% was interpreted as clonal abnor-
mality. Data for FISH were corrected for denominator of
calculated CLL cells (%lymphocytes x %CD5+CD23+ cells).
Wilcoxon signed rank tests were used to test for differences
in absolute number of leukemic cells evaluated during the
course of the disease in every case. All patients showed
peripheral blood lymphocytosis higher than 5x109/L (mean
61.4; range 5.0 - 156.0); the mean percentage of CD5+
CD23+ cells in peripheral blood was 80% (37 -98); the mean
absolute number of CD5+CD23+ cells was 54,688/mm3.
Trisomy 12 was detected by FISH in 8/17 patients. 

Figure 1. Directly labelled fluorescent α-satellite chromo-
some 12 specific probe hybridized to lymphocytes from a
patient with B-CLL showing three fluorescent signals in one
cell and two fluorescent signals in the other cells.

The mean corrected percentage was 24.6% (2.4 - 85.4).
Five of the eight patients with cytogenetic evidence of tri-
somy 12 had atypical morphology. The mean absolute num-
ber of trisomic cells was 10,422/mm3 (1,714 - 25,369) in the
group of trisomy 12 positive patients and 229.3/mm3(0 -
1,195) in the group of trisomy 12 negative patients. After the
treatments, a significant decrease of the CD5+CD23+ cell
absolute number (Wilcoxon signed rank test, p < 0.1) was
observed in all patients but a significant decrease of the
absolute number of trisomic cells was observed only in 10/17
cases. A significant increase of trisomic cell absolute number
(Wilcoxon signed rank test, p < 0.1) was observed in the
remaining 7/17 cases, two of them were trisomy 12 positive
patients at diagnosis (Table 1). There was no significant asso-
ciation between increase in trisomic clone and poor progno-
sis, but the speed of increase of trisomic clone seems to be
closely correlated with disease progression. In conclusion,
the prognostic relevance of trisomy 12 is still controversial.
The expansion of the trisomy 12 clone after treatment,

observed in some cases, suggests a possible proliferative
advantage of cells with trisomy 12 over the normal cells; in
these cases the evidence of disease progression is generally
quick. In other cases, trisomic clones appear to remain sta-
ble during the course of the disease.

Table 1: Change in absolute number CD5+CD23+ cells and
+12 cells (peripheral blood) for 17 patients  with B-CLL
undergoing sequential immunophenotypic/FISH analysis.

Name CD5+CD23+/mmc ∆ m. p*
Diagnosis Follow-up

B.N. 26208 9126 7 -17082
B.D. 29640 371 72 -29269
C.S. 7434 9118 62 1684
D.M. 143450 74226 21 -69224
F.G. 28800 12880 55 -15920
R.A. 57285 33608 10 -23677
S.A. 71440 6761 58 -64679

<0.1

D.F.C. 24820 22392 8 -2428
D.N.F. 25920 5190 29 -20730
G.G. 89580 2534 5 -87046
G.Gius. 5149 2465 6 -2684
M.C. 22601 323 39 -22278
M.M. 106700 1423 42 -105277
P.L. 152880 152046 2 -834
R.V. 47880 1225 66 -46665
R.A. 88065 7969 42 -80096
V.A. 1850 27 12 -1823

<0.1

Name +12/mmc ∆ m. p*
Diagnosis Follow-up

B.N. 509 2646 7 2137
B.D. 0 7 72 7
C.S. 0 137 62 137
D.M. 14300 28948 21 14648
F.G. 288 1932 55 1644
R.A. 0 638 10 638
S.A. 1714 2561 58 847

<0.1

D.F.C. 2730 2194 8 -536
D.N.F. 22153 3299 29 -18854
G.G. 25369 631 5 -24738
G.Gius. 72 47 6 -25
M.C. 11730 17 39 -11713
M.M. 1195 0 42 -1195
P.L. 0 0 2 0
R.V. 1264 0 66 -1264
R.A. 4120 0 42 -4120
V.A. 0 0 12 0

<0.1

m. = months; *Wilcoxon signed rank test.
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105
MULTIPLE MYELOMA: DIFFERENT IMMUNOPHENOTYPIC
AND BIOLOGICAL CHARACTERISTICS OF PLASMA
CELLS FROM BONE MARROW AND LEUKAPHERESIS
PRODUCTS IN PATIENTS UNDERGOING AUTOLOGOUS
STEM CELL TRANSPLANTATION

Omedé P, Giaretta F, Ortolano B, Cimolin L, Gilestro M,
Talarico F, Boccadoro M
Divisione Universitaria di Ematologia - Azienda Ospedaliera
S. Giovanni Battista di Torino, Torino, Italy.

In multiple myeloma (MM) patients, reinfusion of periph-
eral blood progenitor cells (PBPC) has been widely used to
support high-dose chemotherapy. PBPC mobilization
obtained by chemotherapy and G-CSF induces plasma cell
(PC) release into peripheral blood, and therefore leuka-
pheresis collections contain both PBPC and PC. In 88 MM
patients at diagnosis we evaluated, by cytofluorimetric analy-
sis, the number and phenotypic characteristics of PC from
bone marrow and leukapheresis products. Moreover, we ana-
lyzed the S-phase of the 2 different PC populations. PC were
identified by the high expression of surface CD38. Median
BMPC were 19% (2.5-73), median PC from leukapheresis
1.2% (0.1-19). The phenotypic characteristics of PC were
studied using the following monoclonal antibodies: CD19,
CD40, CD28, CD44, CD45, CD56, CD138, cytoplasmic
Ig, and the results expressed as percentage of co-expression
of these antigens on the PC surface, i.e. on CD38++ cells. No
statistical difference was observed in the expression of CD40
and CD28 between BMPC and PC from leukapheresis
(p=0.2 and p=0.6, respectively). Most PC from bone marrow
and leukapheresis express CD40 and are negative for CD28.
BMPC express CD138, CD56, while they are negative for
CD19, CD45; PC from leukapheresis express significantly
lower CD138, CD56, CD45 than BMPC (p<0.0001), and

significantly higher CD19 (p<0.0001). Interestingly, all
BMPC are phenotypically monoclonal, while PC from
leukapheresis are predominantly polyclonal. Moreover, the
S-phase of PC from leukapheresis is significantly higher than
the S-phase of BMPC (17.9% vs 1.9%; p<0.0001). Our phe-
notypic and biological data suggest that PC released into PB
are probably reactive PC, not belonging to the tumor clone.

106
MYELODYSPLASTIC SYNDROME PATIENTS WITH NOR-
MAL KARYOTYPE: PROGNOSTIC RELEVANCE OF FISH
ANALYSIS IN 99 PATIENTS

Rigolin GM, Bigoni R, Milani R, Cavazzini F, Roberti MG,
Bardi A, Piva N, Cuneo A, Castoldi G
Section of Hematology - Department of Biomedical Sciences
University of Ferrara 

The biologic and clinical relevance of cytogenetic analysis
in myelodysplastic syndromes (MDS) is already established
and cytogenetics has, therefore, been introduced by the Inter-
national Prognostic Scoring System (IPSS) as one of the three
variables defining prognosis in MDS. At diagnosis, 30 to 50%
of MDS patients have, as assessed by conventional cytoge-
netic analysis (CCA), normal karyotypes and are classified,
according to IPSS criteria, in the low-risk cytogenetic group.
However, MDS patients with a normal karyotype appear quite
heterogeneous from a biological point of view and the defin-
ition of outcome in this group of patients is sometimes quite
unpredictable. For these reasons, further studies are warrant-
ed in order to identify, among MDS patient with normal kary-
otypes, those who are at high risk of progression and have a
worse prognosis. In comparison to CCA, FISH analysis is a
more sensitive technique which allows the identification of
smaller clones and/or the evaluation of non-dividing cells and
of cryptic deletions which are undetectable by CCA. We
therefore analyzed by FISH 99 patients (46 RA, 7 RARS, 32
RAEB, 8 CMML, 6 RAEB-t) with normal karyotypes for
the occurrence of abnormalities which are most frequently
observed in MDS i.e. +8, -5/del(5)(q31), -7/del(7)(q22-q32),
del(17)(p13). In thirteen patients (13%), one FISH abnor-
mality was detected in 15-33% of cells. Five patients had tri-
somy 8, 4 had del(5)(q31), 2 had del(7)(q32), 1 had mono-
somy 7 and 1 had del(17)(p13). FISH abnormalities were
more frequently observed among patients with more than 5%
and more than 20% bone marrow blasts (p=0.02). FISH
abnormalities were also associated with a higher rate of evo-
lution into AML (8/13 vs 13/86, p=0.0014) and were predic-
tive for a worse prognosis (p=0.0033). Cox’s analysis confirmed
the prognostic relevance of FISH analysis (p=0.0034) along
with that of bone marrow blasts (p=0.01), LDH (0.026), white
blood cell count (p=0.013) and age (0.017). On the whole,
our data demonstrate that 10 to 15% of MDS patients with a
normal karyotype have, if analyzed with a more sensitive tech-
nique, clones of cells with cytogenetic abnormalities not
detected by CCA. The presence of FISH abnormalities iden-
tifies a subset of MDS patients with a normal karyotype char-
acterized by bad prognosis which deserves separate evalua-
tion. Additional probes could be evaluated to define the prog-
nosis better of MDS patients with normal karyotype.
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107
NEED OF ACCURATE MOLECULAR DIAGNOSIS TO
ASSESS THE DONOR ORIGIN OF LEUKEMIA RELAPSE
AFTER ALLOGENEIC STEM CELL TRANSPLANTATION

Spinelli O, Giussani U, Borleri GM, Lazzari M, Michelato
A, Dotti GP, Barbui T, Rambaldi A
Divisione di Ematologia e Centro Trasfusionale, Oaspedali
Riuniti di Bergamo

We report the case of a 49-year old man who underwent
allogeneic transplantation from his HLA-identical sister
because of BCR-ABL+ acute lymphocytic leukemia. After
having achieved a complete hematologic and molecular
remission, two years later an overt leukaemia relapse occurred
with an immunophenotype similar but not identical to that
documented at diagnosis. Conventional and fluorescence in
situ hybridization (FISH) karyotyping revealed the presence
of multiple chromosome abnormalities and most surprising-
ly, a female karyotype in all the 25 metaphases analyzed.
PCR amplification of the Y chromosome-specific DYS14
sequence was positive in DNA samples isolated at diagnosis
but negative at the moment of relapse. Moreover, the mol-
ecular evaluation of hematopoietic chimerism performed by
the YNZ-22 VNTR demonstrated that at the time of
relapse, a consistent proportion of hematopoietic cells was of
donor origin. However, molecular cloning and sequencing of
the CDRIII region of the immunoglobulin heavy chain
(IgH) gene rearrangement in leukemic blasts at diagnosis
and relapse allowed demonstration of their identity, thus for-
mally proving the origin of both leukemic clones to be the
patient. This case strongly emphasizes the need for accurate
and extensive molecular characterization to prove the donor
origin of a leukemia relapse after allogeneic transplantation.

108
MEGAKARYOCYTIC COMMITMENT OF NORMAL AND
MYELODISPLASTIC CD34+ PROGENITORS: ROLE OF
TRANSFORMING GROWTH FACTOR-BETA AND
P15INK4B

Teofili L, Martini M, Rutella S, Pierelli L, Urbano R, Di
Mario A, Leone G, Larocca LM
Istituti di Semeiotica Medica e Anatomia Patologica, Univer-
sità Cattolica del Sacro Cuore, Rome, Italy

Transforming growth factor-beta (TGF-β) plays a key
role in the regulation of megakaryocytopoiesis. In epithelial
cells TGF-β effect is mediated by the induction of the cyclin-
dependent kinase inhibitor p15INK4B (p15). Recently, we
demonstrated that p15 upregulation occurs during
megakaryocytic differentiation of normal CD34+ progenitor
cells; on the other hand myelodysplastic syndromes (MDS)
are characterized by a low level of p15 expression due the
abnormal methylation of p15 gene promoter. In order to
clarify the role of TGF-β and of p15 in megakaryocy-
topoiesis, CD34+ cells, isolated from bone marrow of nor-
mal donors and of patients with MDS, were cultured with
Interleukin-6 and thrombopoietin to induce megakaryocyt-
ic commitment; normal CD34+ cells were cultured with and
without neutralizing anti-TGF-β antibody. At different
times of culture we analyzed, by flow cytometry, the expres-
sion of several phenotypic markers of megakaryocytic differ-

entiation (CD41, CD62, SDF-1 receptor); moreover cells
were sorted on the basis of CD41 expression and p15 m-
RNA was evaluated by semiquantitative RT-PCR in CD41+
and CD41- subfractions. In addition, in MDS-derived cul-
tures, DNA methylation pattern in CpG islands of p15 gene
promoter was determined by methylation-specific PCR. We
found that the inhibition of TGF-β by neutralizing antibody
produced a reduced expression of CD41, CD62 and SDF-
1 receptor in normal CD34+ cells; these findings were asso-
ciated with a significant reduction of p15 expression in
CD41+ but not in CD41- cells. Although CD34+ cells iso-
lated from MDS patients showed, after 7 days of culture, a
phenotypic profile similar to that of normal cells, their pro-
liferative ability was significantly lower than that of normal
cells, and no viable cells were harvested after 14 days of cul-
ture. Furthermore, p15, absent or expressed at very low lev-
el at baseline, was not upregulated during megakaryocytic
differentiation of MDS CD34+ cells. Accordingly, we found
abnormal methylation of p15 gene at baseline and through-
out the culture time. These data show that p15 is induced
during normal megakaryocytic differentiation by TGF-β and
suggest that the absence of p15 may have a role in the disor-
ders of megakaryocytopoiesis occurring in MDS.
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ANALYSIS OF LYMPH NODE TISSUES BY MULTISPEC-
TRAL IMAGING AUTOFLUORESCENCE MICROSCOPY. A
CHANCE FOR THE DEVELOPMENT OF ADVANCED DIAG-
NOSTIC METHODS

Carpaneto A, Alterini R, Rigacci L, Carrai V, Monici
M,*#Agati G,* Fusi F,° Rossi Ferrini P

Divisione di Ematologia Università Firenze e Ospedale Careg-
gi, *Istituto di Elettronica Quantistica - CNR Sezione INFM
di Firenze, °Dipartimento Di Fisiopatologia Clinica Sezione
INFM di Firenze, #CEO Consorzio di Eccellenza Optronica
Sezione INFM di Firenze, Italy 

Although histochemical and immunohistochemical meth-
ods are the standard procedures in diagnosis of lymphopro-
liferative disorders, useful improvements in diagnostics can be
obtained with the introduction of new analytical techniques.
We used microspectrofluorometry and multispectral imag-
ing autofluorescence microscopy (MIAM) techniques to ana-
lyze lymph node biopsies from patients with lymph-
adenopathy of different origins. The aim of the research was
to study autofluorescence properties of lymph node tissues
and, applying this knowledge, to develop advanced diagnos-
tic methods. Multispectral imaging consists in acquiring
monochrome images, related to the fluorescence of one or
more endogenous chromophores emitting in a narrow band
of wavelengths. Then monochrome images from the blue,
green and red bands of the visible range can be combined
together in a single multicolor image. Using a suitable com-
puting function, the contrast between the different structures
can be enhanced. The results obtained show that the princi-
pal contributions to the autofluorescence of lymph node sec-
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tions came from extracellular collagen and elastin and intra-
cellular NAD(P)H in the blue band, and from flavins in the
green band. The fluorescence emission due to the connective
stroma is from 2 (neoplastic sections) to 10 (hyperplasia)
times higher than that due to the cells. Neoplastic cells gen-
erally show a more intense autofluorescence compared to nor-
mal cells. Clear examples are Reed-Sternberg cells in Hodgk-
in’s lymphoma and neoplastic cells in lymph node metasta-
sis. The comparison between autofluorescence imaging of
non-neoplastic and neoplastic samples clearly shows in the
dramatic changes in connective stroma organization in the
latter. These findings show that the organization of connec-
tive stroma could be regarded, after proper modelling, as one
of the key pieces of information for autofluorescence image
analysis in the diagnosis of lymph node diseases. MIAM
offers the advantage of avoiding sample chemical manipula-
tions, such as the use of exogenous markers, and obtaining
real time results performing the analysis immediately upon
specimen resection. A comparison between fluorescence
imaging and standard histochemical microscopy gave a sat-
isfactory validation of the proposed technique, demonstrat-
ing the possibility of improving upon current diagnostic pro-
cedures for malignant lymph node alterations.

110
CLINICAL SIGNIFICANCE OF LUNG RESISTANCE PRO-
TEIN IN ACUTE MYELOID LEUKEMIA

Del Poeta G, Maurillo L, Venditti A, Buccisano F, Cox
MC, Suppo G, Epiceno AM, Del Moro B, Bruno A, Masi
M, Amadori S
Department of Hematology, University Tor Vergata, Rome,
Italy

Several mechanisms of multidrug resistance have previ-
ously been studied for their clinical relevance in acute myeloid
leukemia (AML).1-3 Expression of the lung resistance pro-
tein (LRP) was recently shown to correlate with lower
response rates and shorter survival.4,5 In order to compare
the clinical relevance of drug resistance factors, we studied
LRP, P-glycoprotein (JSB-1), multidrug resistance protein
(MRP1) and bcl-2 in addition to age, WBC and karyotype
in 85 de novo AML patients (median age 56 years, 42 females
and 43 males). All the patients were treated between 1997
and 1999 by intensive chemotherapy regimens based on
EORTC/GIMEMA AML-10, AML-13 and GIMEMA
AIDA protocols. We measured the expression of JSB-1,
LRP and MRP by flow cytometry as percentages of positiv-
ity. The thresholds were set at > 10% for MRP or LRP and
at > 20% for JSB-1. Bcl-2 was measured as mean fluorescence
intensity (MFI) ratio (MFI sample: MFI negative control)
and the cut-off level was fixed > 10. LRP positivity was asso-
ciated with higher WBC count (p=0.010), CD7 (p=0.014) or
CD11b expression (p=0.019), poor risk karyotype (p=0.010)
and increased expression of JSB-1 (P=0.001), MRP1
(p=0.007) and bcl-2 (p=0.018). Poor response to induction
chemotherapy was associated with both karyotype (p<0.001)
and LRP or JSB-1 positivity (p=0.001), less significantly with
MRP1 (p= 0.020) and age (p=0.050). Age (P=0.012), JSB-
1 (P=0.013) and LRP (p=0.028) retained their predictive val-
ue in the multivariate logistic regression analysis. Moreover,
LRP positivity was significantly correlated with both a high-
er relapse rate (45.5% vs 15.4%; P=0.016) and a shorter time
to relapse (p=0.003; Figure 1A). With regard to disease free

survival (CCR), a shorter complete remission (CR) duration
was associated with bcl-2 expression (p=0.02), with kary-
otype (p=0.004), but mainly with LRP positivity (p=0.0002;
Figure 1B). A shorter overall survival (OS) was correlated
with age (p=0.001), bcl-2 (p=0.002), MRP1 (p=0.006), JSB-
1 (p=0.012), karyotype (p=0.00002) and LRP (p=0.00003).
In the multivariate Cox regression analysis, karyotype
(p=0.015), bcl-2 (p=0.032) and LRP (p=0.001) retained their
prognostic significance with regard to CCR, while age
(p=0.02), bcl-2 (p=0.03) and LRP (p=0.002) were prognos-
tically independent factors for OS. Furthermore, within the
group of patients with good prognosis (patients <60 years
with good or intermediate karyotype), both overall survival
(p=0.0019) and CR duration (p=0.00010) were shorter in the
presence of LRP expression. In conclusion, our data confirm
the multifactorial nature of drug resistance, the frequent
coexpressions of drug resistance factors6,7 (LRP, MRP, JSB-
1 and bcl-2) and the strong independent prognostic signifi-
cance of LRP in AML.
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THE EVOLUTION OF INDICATIONS AND TECHNOLOGIES
IN AUTOLOGOUS TRANSPLANTATION. A REPORT ON ONE
THOUSAND AUTOGRAFTS OVER THE LAST TWENTY-
YEARS IN THE HEMATOLOGY DEPARTMENT, “LA
SAPIENZA” OF ROME

Meloni G, Vignetti M, Mandelli F
Department of Biotecnologie Cellulari ed Ematologia, Univer-
sity “La Sapienza”, Rome - Italy

A total of one thousand patients – 362 AML, 75 ALL, 6
AUL, 110 CML, 26 CLL, 241 NHL, 59 HD, 116 MM and
5 MDS – received a hematopoietic cell reinfusion after high-
dose treatment at our Center between 1981 and 1999. The
first was performed in 1981 in a patient affected by AML in
relapse. After myeloablative treatment and bone marrow
reinfusion, complete hematopoietic recovery and remission
were reached, but the patient died after 8 months because of
disease recurrence. Since 1981 goals, definition, technolo-
gies, and indications slowly evolved becoming more or less
different, with only the name remaining unchanged - auto-
graft. The review of our experience, besides its historical val-
ue, might offer information about the procedure and its role
in the treatment of hematologic malignancies. Three main
steps may be identified: (1) The change in disease phase.
Before 1986, considering AML and CML, about one-half
of transplanted cases were in advanced phase of disease. In the
following years, discouraging results prompted performance
of the procedure earlier in the history of the disease. Today
only in experimental trials should autografting be performed
in patients not in remission or with a chemoresistant dis-
ease. (2) Type of disease. Most cases autografted at our Cen-
ter have AL or NHL. Major indications in AML are first or
second complete remission (CR) in patients without HLA
identical siblings. The role of autografting in AML has been
widely investigated in the last 15 years, in particular in 1st CR
with regard to its efficacy as compared to “standard”
chemotherapy, but no definitive conclusion can be drawn.
Poor results are obtained in ALL and, after the initial expe-
rience in the late ‘80s, autografting is no longer performed in
this disease. CML represents a particular disease, in which
autografts were extensively carried out: up to 20 cases per
year between 1988 and 1992. The emerging role of α-inter-
feron (IFN) and the need to enroll patients in large co-oper-
ative IFN trials caused the discontinuation of this strategy.
However the 10-year follow up of the CML cohort of
patients autografted between 1988 and 1992, recently ana-
lyzed, shows encouraging results and prospective studies eval-
uating the role of autografting in this disease should be
planned. (3) New technologies. Autografting in NHL is strict-
ly linked to the emerging availability of growth factors for
clinical use which allows the collection of peripheral blood
stem cells (PBSC). The very low transplant-related mortal-
ity associated with the reinfusion of PBSC prompted wide-

spread use of this procedure in these patients, in particular
when standard treatment failed. In recent years, other lym-
phoproliferative diseases, such as MM and CLL, started to
be treated with high dose therapies, and the number of cas-
es autografted in our Center in the last five years has pro-
gressively increased. Finally, the new millennium started with
the application of high dose treatments for non-malignant
diseases, such as multiple sclerosis. The main conclusion,
above many others, is that autografting must now to be con-
sidered only in the context of a total treatment strategy for
any given disease.

112
INTERPHASE MONITORING OF DEL13Q14 IN MULTIPLE
MYELOMA AFTER IMMUNOMAGNETIC POSITIVE SELEC-
TION OF PERIPHERAL BLOOD PROGENITOR CELLS

Perla G, Musto P, D’Arena G, Savino L, Centra M,*
Carotenuto M
Division of Hematology and *Transfusional Service. IRCCS
Casa Sollievo della Sofferenza: San Giovanni Rotondo, Italy

Multiple myeloma (MM) is mainly composed of termi-
nally dfferentiated B-cells with low proliferative activity;
karyotype analysis may not, therefore, be very informative,
representing in most cases normal dividing bone marrow
cells. Interphase cytogenetics is thus particularly suitable for
the detection of specific chromosomal abnormalities in MM,
such as aneuploidies or deletions of known chromosomal
bands. The prognostic relevance of del13q14 in MM has
recently been established and the availability of commercial
probes for this region makes it worth applying this technique
widely to detect 13q14 deletions, or monosomy 13 in MM
patients. We report here a case in which interphase cytoge-
netics allowed the detection at onset and the monitoring of
this abnormality in the marrow and progenitor cells of a
patient whose cells were collected after positive immuno-
magnetic selection. A 50-year old female was diagnosed as
having stage IIIA,IgG-κ MM in August, 1999. At diagno-
sis, FISH analysis, using a DNA probe containing the entire
RB1 gene directly labeled with cyanine Cy3, evidenced the
presence of 13q14 deletion in more than 50% of examined
nuclei, on marrow samples showing 60% of neoplastic plas-
ma cell infiltration. At this time, the karyotype appeared nor-
mal. The patient entered a high dose chemotherapy pro-
gram, including 2 VMD (vincristine, mitoxantrone and dex-
amethasone) and 3 cyles of peripheral blood progenitor cells
(PBPC) mobilizing chemotherapy (cyclophosphamide 7
g/m2, modified EDAP and Dexa-BEAM). Pre-transplant
re-evaluation showed only a partial response, with persis-
tence of a significant proportion (at least 30%) of bone mar-
row plasma cells with 13q14 deletion, as detected by FISH.
Part of the CD34+ PBPC collected were positively selected
by an immunomagnetic device (CliniMACS). Interphase
cytogenetics on a sample of the selected cell population
showed only normal nuclei, according to the simultaneous
flow cytometry evaluation of CD34+ cells that gave a recov-
ery of 75% with a purity of 98%. Only selected “del 13q14
free” autologous CD34+PBPC (6.2x10e6/Kg) were infused
after conditioning therapy with melphalan 200mg/m2. At
the time of writing this abstract, the patient is still experi-
encing the aplastic phase of the transplant. Interphase cyto-
genetics data on marrow samples after complete hematolog-
ic recovery will be available for the Meeting. Our data sug-
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gest that FISH monitoring of del13q14 is easily feasible in
MM patients who undergo high dose chemotherapy fol-
lowed by PBPC autologous transplantation and may repre-
sent another useful method for evaluating, in selected cases,
the efficacy of an in vitro purging procedure, such as positive
PBPC immunomagnetic selection.

113
PERTURBATION OF LYMPHOCYTE MITOCHONDRIAL
FUNCTION AND IMBALANCE BETWEEN BCL-2 FAMILY
MEMBERS AS MOLECULAR MECHANISMS OF G-CSF-
INDUCED IMMUNE DYSFUNCTION

Rutella S, Rumi C, Pierelli L, Bonanno G, Sica S,
Scambia G, Leone G
Cattedra di Ematologia e Istituto di Ginecologia e Ostetricia,
Università Cattolica del Sacro Cuore, Rome

Sera from healthy subjects receiving recombinant human
granulocyte colony-stimulating factor (rHuG-CSF) to
mobilize CD34+ peripheral blood progenitors (PBPC) have
been shown render allogeneic lymphocytes unresponsive to
mitogenic challenge (Rutella et al., Exp Hematol: 26:1024,
1998; Rutella et al., Exp Hematol, in press). In the present
investigation, the effects of rHuG-CSF on the early stages
of lymphocyte activation-induced apoptosis were evaluated.
Peripheral blood mononuclear cells (PBMC) from normal
untreated donors were stimulated with phytohemagglutinin
(PHA) in the presence of serum collected prior to (preG) or
after (postG) rHuG-CSF administration. Mitochondrial
function, i.e., incorporation of 3,3’-dihexyloxacarbocyanine
iodide [DiOC6(3)] and generation of reactive oxygen species
(ROS) as well as the expression of Bcl-2 family members
were evaluated by multiparameter flow cytometry.
CD4+DiOC6(3)low and CD8+DiOC6(3)low T-lymphocytes
increased and reached 32% (range 27-38) and 20% (range
15-23) of circulating T-cells, respectively, on day 4 of rHuG-
CSF administration. Hypergeneration of ROS could be
demonstrated in 65% (58-82) of CD4+ T-lymphocytes and
in 0.4% (0.2-0.8) of circulating CD8+ T-cells. When PBMC
were challenged with PHA in the presence of postG-serum,
both collapse of mitochondrial transmembrane potential and
hypergeneration of ROS were induced, and lymphocytes dis-
played fragmentation of genomic DNA. Interestingly, the
neutralization of surface CD95 abrogated the perturbation of
lymphocyte mitochondrial transmembrane potential, sug-
gesting that the CD95 signaling pathway might be involved.
Moreover, bax protein was overexpressed in postG (MFI =
180, range 168-186) compared with preG cultures (MFI =
75, range 68-80; P<0.01), while no differences in bcl-2 and
bcl-xl staining intensity were observed. We hypothesize that
soluble immunoregulatory mediators contained in postG-
serum might signal through CD95 surface receptors leading
to Bax overexpression and to the subsequent collapse of lym-
phocyte mitochondrial transmembrane potential. Whether
immune dysfunction will favourably impact on incidence and
severity of acute graft versus host disease (GVHD) after allo-
geneic PBPC transplantation by enhancing apoptosis of
alloreactive T-cells remains to be determined.

114
GRAFT FAILURE IN CLASS 3 YOUNG AND ADULT THA-
LASSEMIC PATIENTS

Sodani P, Giardini C, Galimberti M, Baronciani D,
Angelucci E, Gaziev Dj, Erer B, Lucarelli G
Unità Operativa di Ematologia e Centro Trapianto Midollo osseo
di Muraglia, Azienda Ospedaliera S.Salvatore di Pesaro, Pesaro,
Italy

Allogeneic bone marrow transplantation (BMT) is the only
available curative treatment for thalassemia. Graft failure and
autologous reconstitution are the most frequent causes of
BMT failure in transplanted thalassemic patients. A retro-
spective analyses of the results obtained in 222 consecutive
thalassemic patients aged less than 16 years, all prepared for
the transplant with busulphan (BU) 14 mg/Kg and cyclophos-
phamide (CY) 200mg/Kg, showed that the class 3 patients
had a non-rejection mortality of 47% and a rejection rate of
12%. We therefore adopted a preparative regimen with doses
of CY reduced to 120-160 mg/Kg, with the purpose of
decreasing lethal toxicites due to CY. The transplant option
was, at this time of our experience, also extended to patients
older than 16 years, who constitute the group of adult tha-
lassemic patients. In the group of class3 patients less than 16
years old (young), the new regimens reduced the non-rejection
mortality rate to 20%, but were followed by an increased prob-
ability of rejection (from 12% to 30%). In the Class 3 adult
patients the same regimens were followed by a non-rejection
mortality rate of 35% with a rejection rate as low as 4%. Sta-
tistical analyses of the rejection rate in the two groups, young
and adult, prepared for the transplant with the same regimens,
demonstrated that the rejection rate was inversely proportional
to the age of the patients and to the number of red blood cell
transfusions received before the transplant. The second con-
dition is obviously related to the first as shown in Figure 1.
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When the young and the adult Class 3 patients were pre-
pared for the transplant with BU14 and CY 200, the differ-
ences in the rejection rate were cancelled. The effect of age
or of the pre-transplant number of transfusions no longer
affected the rejection rate, as shown in Table 1.
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MOLECULAR EPIDEMIOLOGY OF HUMAN HER-
PESVIRUS-8 INFECTION IN DISEASES OTHER THAN
KAPOSI’S SARCOMA BASED ON THE ANALYSIS OF THE
HYPERVARIABLE ORF-K1 GENE

Barozzi P, Luppi M, Trovato R, Rasini V, Ravazzini L,
Marasca R, Morselli M, Donelli A, Narni F, Schulz TF, *
Torelli G
Department of Medical Sciences. Section of Hematology. Uni-
versity of Modena and Reggio Emilia. Modena, Italy. *Depart-
ment of Medical Microbiology and Genitourinary Medicine,
University of Liverpool, UK

Human herpesvirus-8 (HHV-8) is the predicted infectious
cause of all clinico-epidemiological forms of Kaposi’s sarco-
ma (KS), and is also linked to rare lymphoproliferative dis-
eases, namely primary effusion lymphoma (PEL), multicen-
tric Castleman’s disease (CD) of plasma cell type, and plas-
macytic proliferations, often in association with human
immunodeficiency virus (HIV) infection and in transplant
patients. The HHV-8 genome contains, at the left end, the
orf K1 gene, encoding a transmembrane protein, which
exhibits much more sequence variability than the rest of the
viral genome. The variability in this gene among different
isolates has been so far exploited to study the molecular epi-
demiology of HHV-8 obtained from individuals with KS in
different parts of the world, demonstrating the existence of
four major molecular subtypes of the K1 gene (called A, B,
C, D). Information on the distribution of HHV-8 genotypes
in HHV-8 associated diseases other than KS are scarce. We
report here the sequencing studies of the orf-K1 gene in a
series of 6 patients with rare HIV negative, HHV-8 associ-
ated, lymphoid disorders, and in 2 patients who developed
HHV-8 associated complications after autologous peripher-
al blood stem cell transplantation (APBSCT). Genotype C
was found in 2 cases of Castleman’s disease, in 1 case of reac-
tive lymphadenopathy with giant lymph node hyperplasia and
increased vascularity, and in 1 patient who developed fever,
cutaneous rash and hepatitis, due to HHV-8 active infection,
after APBSCT. Genotype A was found in 1 case of Castle-
man’s disease, in 2 cases of PEL, and in 1 patient who devel-
oped fever and bone marrow failure, due to HHV-8 active
infection, after APBSCT. These data, together with those we
already reported (AIDS 1999; 13: 1165), suggest that HHV-
8 strains show no apparent association with a particular dis-
ease but appear to be geographically related. In fact, HHV-
8 B strains seem to predominate in Africa, while strains A and
C are found in Europe and the USA, both in the malignant
diseases (KS, PEL) and in non-malignant illnesses (acute
inflammatory post-transplant complications), associated with

HHV-8 infection. We also exploited the high level of vari-
ability of the orf-K1 gene of the HHV-8 genome to assess the
genetic relatedness of the HHV-8 strains identified in the
post-transplant KS lesions which developed, simultaneously,
20 months after transplantation, in 2 recipients of twin kid-
neys from the same cadaver donor. The 100% identity of
nucleotide and amino acid sequences of the most variable
region of the HHV-8 genome in these 2 patients provided the
first unequivocal, molecular evidence of organ-related trans-
mission of HHV-8 in the setting of transplantation.

116
WILMS’ TUMOR GENE IS A MOLECULAR MARKER FOR
ACUTE LEUKEMIAS AND MYELODYSPLASTIC SYN-
DROMES

Cilloni D, Gottardi E, Parziale A, De Micheli D, Tessore
N, Cumbo MG, Volpe G, Serra A, Saglio G
Dipartimento di Scienze Cliniche e Biologiche, Ospedale S.Lui-
gi Gonzaga,Universita’ di Torino, Orbassano, Torino

The Wilms’ tumor gene (WT1) is a tumor marker for
acute and chronic leukemia cells, regardless of the disease
subtype or the presence or absence of specific fusion tran-
scripts. Thus, the WT1 assay makes it possible to assess the
effectiveness of treatment rapidly and to evaluate the degree
of eradication of leukemic cells in individual patients. More-
over, molecular relapse can be evaluated by monitoring WT1
expression levels using RT-PCR assay in bone marrow or
peripheral blood samples before clinical relapse becomes
apparent. In the present study we retrospectively evaluated a
heterogeneous group of acute leukemias characterized by
t(12,21), t(8,21), inv(16), t(15,17), acute leukemias without
specific molecular markers and myelodysplastic syndromes.
In all cases we found an intense expression of WT1 at diag-
nosis, no detectable levels during remission and a gradual
increase of the specific signal before clinical relapse. More-
over, in some subtypes of acute myeloid leukemia (AML)
such as FAB M2 in which qualitative RT-PCR studies seem
of limited prognostic value observing a number of patients in
long term clinical remission persistently positive for the
AML/ETO fusion mRNA, WT1 analysis allowed identifi-
cation of molecular remission by the disappearance of the
specific signal and prediction of clinical relapse by the grad-
ual increase of the level of expression. In addition we evalu-
ated a number of patients with myelodysplastic syndromes
and in all cases we detected elevated levels of expression at
diagnosis. The expression significantly increased from refrac-
tory anemia (RA) to RA with excess blasts in transformation
(RAEB-t). We never detected WT1 in normal peripheral
blood or bone marrow. So we can conclude that WT1 analy-
sis may be considered a useful method for the detection of
leukemic cells: it can be used for monitoring minimal resid-
ual disease and may have clinical significance in the predic-
tion of relapse of specific subtypes of AML and in acute
leukemia without a specific tumor marker. Moreover, mon-
itoring of WT1 expression levels allows continuous assess-
ment of the disease progression of myelodysplastic disease as
well as the prediction of the evolution from mild forms of
myelodysplastic syndrome to RAEB-T or overt AML.
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EVALUATION OF THE HEMATOPOIETIC ACTIVITY OF THE
C-TERMINAL REGION OF OSTEOGENIC GROWTH PEP-
TIDE

Fazzi R, Testi R, Galimberti S, Pacini S, Fiaschi V,
Trasciatti S,* Rosini S,* Petrini M
Dipartimento di Oncologia, dei Trapianti e delle nuove Tec-
nologie in Medicina - Sezione di Ematologia - Università di
Pisa* ABIOGEN Pharma SpA Research Laboratories

Osteogenic growth peptide (OGP) is a positively charged
14-amino acid mitogen identical to the C-terminus of his-
tone H4. Besides its regulatory role in osteogenesis, it has
recently been shown that OGP increases blood and bone
marrow cellularity and enhances engraftment of bone mar-
row trasplants in mice. It has also been demonstrated that the
C-terminal truncated pentapeptide OGP(10-14) is a natu-
rally occurring form that shares several properties with the
full length polypeptide. The present study examined the pos-
sible effects of OGP(10-14) on human hematopoietic pre-
cursors obtained from bone marrow, umbilical cord blood
and peripheral blood stem cells (PBSC). CD34+ cells were
subjected to clonogenic assays on methyl-cellulose supple-
mented with stem cell factor (SCF), interleukin-3 (IL-3),
GM-CSF, erythropoietin and with or without OGP(10-14)
10-8 M. After 14 days, colony counts revealed an increase in
CFU-GM bone marrow derived cultures, an increase in
CFU-GM and BFU-E cord blood derived cultures where-
as no relevant changes were observed in cultures derived from
PBSC and  CD34+ purified cells. The latter were also test-
ed for their expression of the receptors for SCF, IL-3 and
GM-CSF showing that OGP(10-14) does not induce any
alteration of their responsiveness. In order to evaluate
whether OGP acts directly or through stromal cells we
observed the effects of the pentapeptide on human bone mar-
row mononuclear cells in long-term cultures on fibroblast
feeder-layers. After 5 weeks, non-adherent and adherent cells
were removed from the cultures and subjected to classic
clonogenic assays which allowed us to quantify long-term
culture-initiating cells. Overall, our results suggest that
OGP(10-14) is a positive regulator of hematopoietic stem
cells. This regulatory role seems to be carried out without any
evident change of the stromal compartment and without
excessive exhaustion of hematopoietic precursors.

118 
DISTRIBUTION OF PROMOTER HYPERMETHYLATION OF
THE O6-METHYLGUANINE-DNA METHYLTRANSFERASE
THROUGHOUT THE SPECTRUM OF B-CELL NEOPLASIA

Rossi D,* Capello D,1 Vivenza D,* Vitolo U,° Gloghini
A,#Fassone L,* Benevolo G,* Botto B,° Nomdedeu J,@

Matolcsy A,^ Gutierrez M,§ Viglio A,** Paulli M,** Carbone
A,# Saglio G,°° Gaidano G*

*Division of Internal Medicine, Department of Medical Sci-
ences, Amedeo Avogadro University of Eastern Piedmont,
Novara; °Division of Hematology, A.O. S. Giovanni Battista,
Torino; #Division of Pathology, CRO-INT, Aviano; **Division
of Pathology, University of Pavia, Pavia; °°Division of Internal
Medicine, Department of Clinical and Biological Sciences, Uni-
versity of Torino, Orbassano, Italy; @Division of Hematology,

HSCSP, Barcelona, Spain; ̂ Department of Pathology, Univer-
sity Medical School of Pécs, Hungary; §Lymphoma Biology Sec-
tion, NCI-NIH, Bethesda, MD, USA

B-cell neoplasia represents a heterogeneous group of dis-
eases originating from B-cells at different stages of matura-
tion. The pathogenesis of B-cell neoplasia is a highly com-
plex process involving activation of proto-oncogenes and dis-
ruption of tumor suppressor genes. Aberrant promoter
methylation is an acquired epigenetic alteration, alternative
to genetic lesions, causing inappropriate gene silencing.
Hypermethylation of the tumor suppressor gene O6-methyl-
guanine DNA methyltransferase (MGMT) has been recent-
ly reported in several human cancers. MGMT encodes a
DNA repair protein that removes alkyls from the O6 posi-
tion of guanine and its loss of expression in MGMT-/-
knockout mice favors lymphomagenesis. On this basis, the
aim of our study was to define the involvement and frequency
of MGMT promoter hypermethylation throughout the
spectrum of B-cell neoplasia recognized by the WHO clas-
sification. Toward this aim, 226 B-cell neoplasms represen-
tative of most clinico-pathologic categories of the disease
were subjected to methylation specific-PCR of the MGMT
promoter CpG island. Overall, MGMT promoter hyper-
methylation was detected in 55/206 (26.6%) mature B-cell
neoplasms and in 7/20 (35%) precursor B-cell acute
leukemias. With respect to mature B-cell neoplasia, MGMT
hypermethylation was not randomly distributed, but rather,
displayed preferential associations with specific disease cat-
egories. Among clinically aggressive B-cell non-Hodgkin’s
lymphomas (B-NHL), MGMT hypermethylation occurred
frequently in B-lineage diffuse large cell lymphoma (B-
DLCL) (40/106; 37.7%), whereas it was rare in sporadic
Burkitt’s lymphoma (2/15; 13.3%) and was consistently
absent in mantle cell lymphoma (0/17). The frequency of
MGMT hypermethylation was overall similar throughout
the clinico-pathologic spectrum of B-DLCL occurring de
novo, including systemic B-DLCL (28/70; 40%), primary
splenic B-DLCL (4/10; 40%), primary extranodal B-DLCL
(4/9; 44.4%), CD5+ B-DLCL (2/6; 33.3%) and CD30+
anaplastic B-DLCL (1/5; 20%). Conversely, MGMT hyper-
methylation was restricted to 1 single case of B-DLCL trans-
formed from a previous follicular phase (16.6%). Among
indolent NHL, MGMT hypermethylation was overall rare,
occurring in 4/33 (12.1%) cases, including 2/11 (18.2%) B-
cell chronic lymphocytic leukemia/small lymphocytic lym-
phomas, 2/15 (13.3%) follicular lymphomas and 0/7 lym-
phoplasmacytoid lymphomas. Also, MGMT hypermethy-
lation was a sporadic event in multiple myeloma (2/16;
12.5%). Finally, MGMT hypermethylation occurred in 4/10
(40%) hairy cell leukemia and in 3/9 (33.3%) MALT-NHL.
Among precursor B-cell neoplasms, MGMT hypermethy-
lation occurred in 7/20 B-lineage acute lymphoblastic
leukemias independent of the genotypic variant of the dis-
ease. The implications of these data are threefold. First,
MGMT hypermethylation is frequently implicated in B-cell
neoplasia and may represent a major event in the pathogen-
esis of selected types of both mature and precursor B-cell
tumors. Second, the marked difference in MGMT hyper-
methylation observed in B-DLCL as compared to in Burkit-
t’s lymphoma corroborates the notion that normal germinal
center B-cells may be targeted by multiple distinct molecu-
lar pathways leading to different types of clinically aggressive
B-NHL. Finally, because MGMT status affects tumor cell
resistance to the genotoxic effects of alkylating agents, our
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results prompt studies aimed at defining the prognostic val-
ue of MGMT hypermethylation in B-cell neoplasia.

119
CORRELATION BETWEEN NUMBER OF HUMAN CD34+
CELLS INFUSED AND PERCENTAGE OF ENGRAFTMENT
IN NOD/SCID MICE

Terenzi A, Benedetti R, Di Ianni M, Falzetti F, Tabilio A
Haematology and Clinical Immunology Section, Department of
Clinical and Experimental Medicine, University of Perugia,
Perugia, Italy

Hemotopoietic stem cell xenotransplantation in
NOD/SCID mice is a useful experimental model for study-
ing hematopoiesis in vivo. In previously irradiated
NOD/SCID mice we assessed engraftment of human
CD34+ cells which were purified through positive selection
(Clini-MACS system)and administered in escalating doses
of 37,500, 75,000, 150,000, 300,000, and 600,000 cells. After
obtaining informed consent, human CD34+ cells were tak-
en from a healthy donor after G-CSF stimulation. Twenty-
five NOD/SCID mice received 3.5 Gy in a single dose and
CD34+ cells were injected 24 hours later. Post-transplant
mortality due to infections occurred early in mice receiving
fewest stem cells. Seventeen of the 25 mice were sacrificed
after 12 weeks. Bone-marrow and spleen cells were analyzed
by cytofluorimetry (FACS) using a human anti-CD45 FITC
antibody. Engraftment was always achieved in spleen and
bone marrow. The engraftment rate of human myeloid cells
correlated with the number of CD34+ cells. In bone marrow,
where the engaftment was always best, it reached 65% in the
5 mice receiving the maximum number of CD34+ cells.
These results show this experimental model is highly pre-
dictive of human CD34+ cell engraftment and that the
engrafment rate correlates with the number of infused cells.
This model might be a valid approach to the study of human
hematopoietic stem cell engraftment in animal models.

120
PROMPT RESPONSE OF GATA-1 LOW MICE TO IN VIVO
PERTURBATION OF ERYTHROPOIESIS SHEDS A LIGHT
ON COMPETITION BETWEEN ERYTHROID AND
MEGAKARYOCYTIC LINEAGES

Vannucchi AM, Paoletti F, Cellai C, Bianchi L, Carrai V,
Lorenzini L, Sanchez M, Marsilii L, Rossi Ferrini P,
Migliaccio G, Migliaccio AR
Divisione di Ematologia, Dip. Oncologia e Patol. Sperimen-
tali, Università di Firenze, e Lab. Biologia Cellulare e Biochim-
ica Clinica, Ist. Sup. Sanità, Roma, Italy

Mice carrying a targeted mutation of GATA-1 upstream
region including a DNase I hypersensitive site and distal
(“testis”) promoter (McDevitt MA et al., PNAS 1997;
94:6781) are characterized by the selective loss of GATA-1
expression in megakaryocytic (Mk) cells, while erythroid (E)
cells express GATA-1 at levels that, apparently, are enough
to allow normal erythroid development. We took advantage

of this GATA-1low mouse model to investigate some of the
mechanisms underlying commitment to E and Mk lineages
and, particularly, to learn more about the supposed compe-
tition between E and Mk development at the level of a com-
mon precursor cell. Adult GATA-1low male and double-
hemizogyte females were found to be severely thrombocy-
topenic (platelets <10% of controls), while their Htc was
slightly higher than normal (48.9% vs 46.5%). The spleens
of GATA-1low mice were >3-fold larger than littermates,
due to a conspicuous tissue engulfment by both Mks at dif-
ferent stages of maturation and E cells, as revealed by histo-
logic and immunohistochemical analyses. Conversely, bone
marrow (BM) cellularity was about 1/3 that of controls, and
>20% were Mks. The absolute number of E progenitors was
greatly increased (CFU-E: 6.8- and 2.5-fold the controls, in
the spleen and BM, respectively; BFU-E: 2- and 1.2-fold,
respectively), while Mk progenitors (CFU-Mk) were less
than one-third of controls. In further experiments, we test-
ed the capacity of GATA-1low mice to respond to pertur-
bations of erythropoiesis that were obtained by either phenyl-
hydrazine (PHZ) treatment to induce a severe anemia or
repeated administration of rhEpo to induce a polyglobulic
state. GATA-1low mice were found to recover faster than
controls from PHZ-induced anemia as shown by discrepan-
cies in both reticulocyte counts at day 2 (80% for GATA-
1low vs 25% for normal mice) and hematocrit values at day
5 (48% vs 40%). Moreover, response to rhEPO administra-
tion (10 U/mouse) was also more effective in GATA-1low
than normal mice yielding, at day 6, hematocrit values of
68% and 55%, respectively, which were accompanied by a
parallel increase in reticulocyte counts. Evaluation of ery-
throid progenitors in the spleen of PHZ-treated animals
revealed that these cells were augmented approximately 5-
fold in both normal and GATA-1low mice as compared to
in untreated normal mice. However, the number of bipotent
E/Mk precursors - identified by the co-expression of E (Ter-
119) and Mk (4A5) markers by FACS analysis (Vannucchi
AM et al., Blood 2000; 95:2559) - was found to be striking-
ly higher (about 5-fold) in GATA-1low than in normal
mice. Finally, the expression of β-globin gene in the spleen
was higher in GATA-1low than in normal mice, and great-
ly increased after PHZ. On the whole, these data support the
concept that impaired Mk maturation as imposed by the tar-
geted disruption of GATA-1 gene in GATA-1low mice
may favor erythropoiesis downstream of the bipotent E/Mk
precursor. We believe that perturbations of erythropoiesis in
GATA-1low mice may represent a valuable tool for investi-
gating mechanisms underlying commitment of the bipotent
E/Mk precursor and provide useful information on compe-
tition between E and Mk lineages that, in the course of some
dyserythropoietic processes, appears to undergo alternative
regulation.
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121
FLUDARABINE AND ANTI-CD95 APOPTOSIS INDUCTION
IN CHRONIC LYMPHOCYTIC LEUKEMIA B-CELLS FOL-
LOWING CD40 TRIGGERING

de Totero D,°Clavio M,*Catellani S,*Capaia M,* Foa R,#
Gobbi M*
°National Institute for Cancer Research, and *Chair of Haema-
tology, Department of Internal Medicine, Genoa, Italy;
#Department of Cellular Biotechnologies and Haematology,
University “La Sapienza”, Rome, Italy

Chronic lymphocytic leukemia (CLL) is characterized by
the relentless accumulation of B-cells refractory to activation
signals and arrested in G0/G1 phase of the cell cycle. The find-
ing of low or negative CD95 expression on these cells suggests
the hypothesis of deregulated apoptosis in the disease. How-
ever, CD40-CD40L interaction may rescue CLL B-cells from
their anergic state and upregulate different co-stimulatory anti-
gens (CD80/CD86, CD70 and CD95). In this study we were
interested in investigating whether CD40 triggering could also
modulate CLL B-cell sensitivity to apoptosis induction by
anti-CD95 agonistic monoclonal antibody (moAb) or flu-
darabine. Apoptosis was determined in cytofluorographic
analysis by cell staining with propidium iodide (PI) and, in
selected cases also with the APO2.7 moAb. Despite purified
B cells from all the 16 CLL cases studied showing high CD95
expression, after CD40-CD40L interaction, we detected anti-
CD95 mediated apoptosis in only 4 out of the 16 cases. Flu-
darabine-induced apoptosis, following CD40 triggering was,
on the other hand, clearly modified. According to the results
obtained, we divided the 16 patients into two groups. The first
included 11 patients showing low sensitivity to fludarabine in
vitro under resting conditions but a significantly increased
apoptosis after activation. Contrariwise, B-cells from the sec-
ond group of patients (4 out of 16) were highly sensitive to flu-
darabine under resting conditions and became more resistant
to this drug after activation. Different sensitivities to fludara-
bine apoptosis induction within the two groups of patients
were not related to specific phenotypic features or disease stage.
In order to understand mechanisms regulating apoptosis bet-
ter, we tried to identify the caspases mediating fludarabine
apoptosis induction. From our data it appears that a specific
pattern of caspases is involved in this phenomenon and this
pattern is shared by the two groups. Caspase inhibitors 1 and
6, in fact, strongly blocked fludarabine apoptosis of all CLL B-
cells studied (10 out of 16), but caspase inhibitors 2 and 5 did
not. Furthermore caspase inhibitors 3 and 8 blocked apopto-
sis in only 4 out of 10 cases. However, after CD40 triggering
of CLL B-cells, fludarabine apoptosis inhibition could  no
longer take place by the use of the same inhibitors used under
resting conditions. The last finding suggests that two distinct
apoptotic pathways may be activated depending on the resting
or activated state of these cells. Moreover, the above reported
data on the possibility that a low in vitro sensitivity to fludara-
bine apoptosis induction of CLL B-cells might be overcome
by CD40 triggering needs to be better elucidated in view to
designing novel therapeutic strategies.

122
HETEROGENEOUS SUSCEPTIBILITY OF DIFFERENT,
FRESHLY ISOLATED B-CELL NON HODGKIN’S LYM-
PHOMA CELLS TO RITUXIMAB AND COMPLEMENT

Lazzari M, Borleri G, Dastoli G, Barbui T, Introna M,
Golay J, Rambaldi A
Divisione di Ematologia, Ospedali Riuniti, Bergamo, Istituto
Mario Negri, Milano, Roche SpA, Monza, Italy 

Rituximab is a chimeric anti-CD20 monoclonal antibody
which is currently used for the the treatment of B-cell Non-
Hodgkin’s lymphomas (B-NHL). Its mechanism of action
relies upon complement-mediated lysis and antibody-depen-
dent cellular cytotoxicity. We have recently shown that in fol-
licular lymphoma cell lines, the complement inhibitors
CD55 and CD59 play an important role in regulating anti
CD20 and complement mediated lysis (Golay et al., Blood:
in press). In order to generate in vitro assays capable of pre-
dicting the in vivo response to rituximab, we investigated
this drug’s ability to lyse in vitro freshly isolated lymphoma
cells obtained from patients with different types of B-NHL
including follicular, diffuse large B and mantle cell lym-
phomas as well as B-cell chronic lymphocytic (B-CLL) and
prolymphocytic (PLL) leukemias and hairy cell leukemias. A
threshold level of CD20 expression was confirmed to be cru-
cial for complement-mediated lysis since negligible cytotox-
icity was observed for all the B-CLL cases showing a mean
CD20 fluorescence intensity lower than 100, as evaluated by
conventional flow cytometry on an arbitrary log fluorescence
scale. Contrariwise, B-CLL cases expressing higher levels of
CD20 (mean fluorescence intensity over 100) could be lysed
by Rituximab and complement to variable degrees (15-70%).
Furthermore, B-CLL and PLL cases, partially susceptible in
vitro to rituximab-mediated lysis, showed a significant
increased lysis when anti CD55 monoclonal antibody was
added to the assay. Different follicular lymphoma patients
showed a variable susceptibility to rituximab (60-95%) and
interestingly the lysis of the most resistant follicular lym-
phoma cells could be increased significantly with blocking
anti CD55 and/or CD59 antibodies thus confirming the cru-
cial role of these inhibitors in complement-mediated cyto-
toxicity. Finally, neoplastic B-cells obtained from mantle cell
lymphomas and hairy cell leukemias showed a dramatic and
reproducible in vitro susceptibility to rituximab. These data
suggest that the level of CD20 expression as well as that of
complement inhibitory molecules is predictive of in vitro
response of neoplastic cells to rituximab and may indicate
strategies to identify patients likely to have a good clinical
response to this biological therapy.

123
DETECTION OF ADHESION MOLECULES ON LYM-
PHOBLASTS IN CHILDHOOD ACUTE LYMPHOBLASTIC
LEUKEMIA

Luciani M,* Coletti V,* Zarcone D,° Tenca C,° Pinto MR,*
Grossi C°
*Division of Haematology, Prof. Giulio De Rossi, Pediatric Hos-
pital “Bambino Gesù”, Rome; °Department of Experimental
Medicine, University of Genova, Italy
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In view of the relevance of adhesion molecule expression
for the mechanisms of homing, trafficking and spread of
malignant cells,1-7 we investigated the expression of surface
adhesion molecules on lymphoblasts from 57 acute lymphoid
leukemia (ALL) cases and correlated the adhesive phenotype
with the immunologic typing, prognostic factors at diagno-
sis and clinical follow-up. All cases expressed adhesion mol-
ecules at high rates. Beta1 integrin was consistently found on
blasts from most ALL cases; among integrins of the Beta2
family, LFA-1 was detected in 58% of cases, in the virtual
absence of other alpha chains. CD54 and CD58 were
expressed in variable proportions of ALL cases and CD44
was found on blasts in the majority of ALL, whereas the
CD62L selectin was detected in 24% of cases. We next
examined the adhesive phenotype in the 57 ALL cases clas-
sified according to lineage and stage of maturation (Table 1).
An overall phenotypic evaluation indicates that B-lineage
ALL cases at the three maturational stages consistently dis-
played the same phenotype; one exception was provided by
the high incidence of cases expressing CD18/CD11b in
ALL at the pro-B stage (CD10-, CyIg-) vs. pre-B and
hybrid phenotypes. In contrast, significant phenotypic dif-
ferences emerged when B-lineage ALL cases (n=45) were
compared with the hybrid cases (n=9). A statistically signif-
icant difference between these two groups was observed for
CD18, overexpressed in the B-lineage compared to hybrid
cases (p=0.004). Moreover, we found that integrins of the
Beta2 family, namely CD11a (LFA-1), were expressed in a
lower proportion of hybrid vs. B-lineage cases (p=0.054).
The same held true when CD44 expression on hybrid ALL
blasts was compared with that of B-lineage leukemic cells
(p=0.051). 

Table 1. Percentage of adhesion molecule expression in ALL
cases according to B-lineage subset and hybrid phenotype.a,b

B-LINEAGE Hybrid pc

(n=9)
CD10- CyIg- CD10+CyIg- CD10+CyIg+

(n=5) (n=23) (n=17)

CD29 80 100 100 100
CD49d 60 96 100 100
CD18 80 78 59 11 =0.004
CD11a 80 52 70 22 =0.054
CD11b 40 4 6 0
CD11c 0 0 6 0
CD54 20 17 29 11
CD58 60 61 70 67
CD44 80 83 100 56 =0.051
CD62L 40 13 18 22

aALL subsets defined according to surface phenotype; bpositivity defined as
>30% blasts expressing any given marker; cstatistical difference between
hybrid and B-lineage ALL.

We did not find a significant correlation between adhesion
molecule expression and well established risk factors (age,
white blood cell count, central nervous system involvement,
chromosomal changes), with the exception of splenomegaly,
that was significantly associated with CD18 expression. In
the follow-up, no evidence of significant correlation between
adhesive phenotype and adverse events, such as leukemic
relapse and death, was found. However we report a case of a

child with ALL characterized by unusual kinetics of adhe-
sion molecule expression by lymphoblasts during treatment
induction.8 Concomitantly with an impressive reduction of
hepatosplenomegaly and a transient blast increase in periph-
eral blood, just a few hours after chemotherapy, the adhesive
phenotype of malignant cells changed with a loss of CD18
and a high, significant expression of CD44 V isoform V5,
and CD62L selectin. Although expression of adhesion mol-
ecules on lymphoblasts does not seem (in the current fol-
low-up) to bear relevance for the clinical aspects of the dis-
ease and for prognosis, our data indicate an intraclonal phe-
notypic heterogeneity that may vary during the course of
treatment, and perhaps, by affecting leukemic cell homing,
may act on the response to therapy and on the clinical behav-
ior: of course, to draw definitive conclusions, in relation to the
relatively good prognosis in childhood ALL, a very long fol-
low-up is needed.
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124
IDENTIFICATION, ISOLATION, CHARACTERIZATION AND
GROWTH FACTOR REQUIREMENT OF PRIMITIVE CIRCU-
LATING CD34+CD105+ PRECURSORS

Pierelli L, Scambia G, Menichella G, Bonanno G, Rutella
S, Marone M, Mancuso S, Leone G
Cattedra di Ematologia, Istituto di Ostetricia e Ginecologia,
Universita’ Cattolica S. Cuore, Roma, Italy

A CD105+ subset of circulating CD34 cells was identified,
isolated by a double immunomagnetic selection method and
then extensively characterized. Confirming our previous
reports, these cells had a phenotypic profile consistent with
that of primitive precursors, showing higher Thy-1, AC133,
and lower CD38, c-kit than the CD34+/CD105- counter-
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part. Functional assays revealed that CD34+/CD105+ cells
had very low direct cloning efficiency but retained a consid-
erable number of extended long-term culture-initiating cells
(ELTC-IC) while the CD34+/CD105- counterpart did not.
CD34+/CD105+ but not CD34+/CD105- generated a con-
siderable number of C7+/CD3-/TCR-α/β/γ/δ- lymphocyte
precursors in stroma-free liquid cultures. A wide number of
growth factor combinations was tested for their ability to
maintain stable hematopoietic function of isolated
CD34+/CD105+ over a 8 day culture period. The sole IL-15,
VEGF, Flt3-ligand plus EPO combination was found to be
capable of maintaining CD34+/CD105+ cells in a quiescent
status and with an unaltered frequency of ELTC-IC in these
cells. Finally, neutralization of autocrine TGF-β1 in the
above mentioned cultures impaired the hematopoietic poten-
tial of these cells through a cell-cycle and p15 independent
mechanism which was associated with bcl-2 modulation and
x upregulation, as described previously for circulating cycling
CD34+/ CD105+.

125
IMMUNOGENIC CHARACTERIZATION OF CD86+ ACUTE
MYELOID LEUKEMIA BLAST CELLS AND BLAST-DERIVED
DENDRITIC CELLS

Rondelli D, Re F, Testoni N, Arpinati M, Senese B, Terra-
gna C, Preda P, Tura S
Istituto di Ematologia e Oncologia Medica “Seràgnoli”, Uni-
versità di Bologna

CD86 (B7-2) is a co-stimulatory molecule constitutively
expressed on professional antigen presenting cells (APC),
which can bind to specific T-cell receptors (i.e. CD28 and
CTLA-4) and delivers the second signal required for T-cell
responses. Immunophenotypic analysis of acute myeloge-
nous leukemia (AML) blasts revealed that 43 out of 78 (55%)
consecutive AML cases contained >15% (range: 16-82%)
CD86+ blast cells, while only 2/78 AML were CD80+. Sam-
ples enriched in CD86+ blasts induced an allogeneic T-cell
proliferative response in primary mixed lymphocyte culture
(MLC), but failed to elicit an allo-cytotoxic response in 7/7
experiments. In kinetics experiments (n=5 experiments) these
cells were incubated in liquid culture with recombinant GM-
CSF and recombinant interleukin-4 ± recombinant tumor
necrosis factor-alpha for 3, 5 and 7 days and tested for den-
dritic cell (DC) differentiation. After 3 days a high propor-
tion of cells showing dendritic morphology by electron
microscopy and CD80+, CD86+, CD40+, CD83+,
CD11c++ and HLA-DR++ expression by flow cytometry
were observed. FISH analysis performed in two cases
demonstrated the same chromosomal abnormality in both
AML blasts and AML-dendritic cells (AML-DC). How-
ever, although AML-DC were able to stimulate allogeneic
T-cell proliferative responses potently, they failed to induce
T-cell cytotoxicity, even in the presence of exogenous recom-
binant interleukin-12. These data suggest that human AML
blasts that express CD86 constitutively stimulate T-cell pro-
liferation and are committed to the macrophage/DC lineage.
However, since neither CD86+ blasts nor blast-derived DC
activate cytotoxic T-cells more information on potentially
suppressive soluble or cellular factors are warranted in order
to use AML-DC in anti-tumor vaccine strategies.
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126
THE BIOMOLECULAR PATHWAYS EVOKED BY INTERFER-
ON-ALPHA IN CLONAL HEMATOPOIETIC PROGENITORS
OF CHRONIC MYELOID LEUKEMIA

Brusa G, Pattacini L, Campanini F, Piccioli M, Santucci
MA
Istituto di Ematologia e Oncologia Medica “L.A. Seràgnoli”,
Università di Bologna

Although interferon-alpha (IFN-α) treatment has
changed the natural course and prognosis of chronic myeloid
leukemia (CML), the mechanism involved in its selective
activity on clonal hematopoietic progenitors remain largely
unknown. We sought to determine whether IFN-α evokes
the molecular pathways devoted to the control of cell cycle
checkpoints, and in particular of the G1-S checkpoint, which
is abrogated by the expression of the bcr-abl rearranged gene.
To this purpose we developed a competitive PCR strategy,
fulfilling the requirements of sensitivity and reproducibility
needed for measuring transcriptional induction of two “rare”
genes: Gadd45 and p21WAF1/CIP1. These genes co-oper-
ate at the G1-S boundary in inducing cell cycle arrest and
DNA repair. Using this method we measured gene induc-
tion by IFN-α on 32D cell clones transducing a temperature-
sensitive p210 bcr-abl construct at the temperature (33°C)
permissive for abl tyrosine kinase activity. Transcriptional
induction of both genes was already significant (their tran-
script levels increased approximately 2.5 fold compared to
the steady state levels) following 24 hr treatment with IFN-
α at the dose (1,000 U/mL) capable of reducing cell prolif-
eration, measured in semisolid assay, to about one third and
further rose (more than 6 fold compared to untreated con-
trols) after 4 more days. Accordingly, the fraction of cells
residing in the G1 phase of cell cycle was significantly
enlarged. In addition, we investigated p53-dependence of
gene induction by IFN-α by assessing the transcription rate
of both gadd45 and p21 WAF1/CIP1 in 32D cell clones co-
expressing the p210 bcr-abl chimera and the human papil-
loma virus (HPV) 16 E6 gene product, which induces loss
of p53 function. Our results validate the hypothesis of IFN-
α working in concert with- or in consequence of p53 tran-
scriptional activation on bcr-abl-transduced hematopoietic
progenitor cell cycling status.

127
ALLOGENEIC TRANSPLANTATION OF HEMATOPOIETIC
CELLS IN MULTIPLE MYELOMA: DURABLE MOLECULAR
REMISSIONS ARE FREQUENTLY ACHIEVED

Corradini P, Cavo M, Lokhorst H, Martinelli G, Russell
N, Majolino I, Boccadoro M, Samson D, Musso M,
Bacigalupo A, Voena C, Gahrton G
On behalf of the Myeloma Subcommittee of EBMT Chronic
Leukemia Working Party

Concern about the use of allogeneic transplantation for
myeloma patients has recently  been mitigated by some
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European data showing a reduction in treatment-related
mortality (TRM) during the last 5 years. A pilot study pre-
viously showed that clinical (CR) and molecular remissions
(MR) may be achieved after allografting with G-CSF mobi-
lized peripheral blood cells (BCT)(Corradini et al. J Clin
Oncol 1999). We have now started an EBMT study in which
all patients achieving CR after transplant, undergo PCR-
based monitoring of minimal residual disease (MRD).
Tumor markers were derived from the rearrangement of IgH
variable region genes for each patient. Fifty retrospective
patients have been enrolled so far; the analysis is still ongo-
ing and PCR monitoring has been performed on 34 patients.
Eleven patients received marrow cells, 7 T-cell depleted mar-
row, and 16 BCT. The patients’ main characteristics were as
follows: 16 males/18 females, median age 43 years (range
29-54); disease status at transplant was: 6 CR, 19 partial
remission, and 9 refractory disease. The conditioning regi-
men included total body irradiation (TBI) in 19 patients,
Bu/Cy in 5, and Bu/Melphalan in 10 patients. GVHD pro-
phylaxis consisted of CyA alone or CyA and MTX. There
was no grade 3-4 acute GVHD; grade 1-2 acute GVHD
was scored in 8 patients receiving BMT, 4 T-cell depleted
BMT, and 9 BCT. Extensive chronic GVHD was more fre-
quent after BCT. MR were distributed as follows: 45% after
BMT, 43% after T-cell depleted BMT, and 80% after BCT.
Median molecular follow-up was 38 months (range 6-120).
Overall 21 of 34 (62%) patients achieved MR; 6 have
relapsed so far, and only one was in the PCR negative group.
MR did not correlate with the use of TBI or GVHD occur-
rence and grading. In conclusion, this is the largest study
showing, on a multicenter basis, that MR are frequent after
allografting; patients achieving MR have a significantly low-
er relapse rate (p=0.03).

128
CRYPTIC ABL TRANSLOCATION TO 8P AND RECOMBINA-
TION WITH ETV6 IN ACUTE MYELOID LEUKEMIA WITH
EOSINOPHILIA AND A T(8;12)(P12-21;P13) RECIPRO-
CAL TRANSLOCATION

La Starza R, Trubia M, Belloni E, Falzetti D, Pelicci PG,
Di Fiore PP, Martelli MF, Mecucci C
Hematology and Bone Marrow Transplantation Unit, Uni-
versity of Perugia European Oncologic Institute, Milan 

The BCR-ABL fusion gene, resulting from the t(9;22),
typically induces phosphorylation and activation of the ABL
tyrosine kinase. Another mechanism of activation of the
ABL gene, due to its fusion with ETV6 gene (12p13), was
reported in one case of atypical chronic myeloid leukemia
(CML) with eosinophilia and a t(9;12;14), in one acute
myeloid leukemia with a t(12;14), and in one acute acute
lymphocytic leukemia without karyotypic information. We
observed a new case of AML in a 29-year old man who
showed a t(8;12)(p12;p13) reciprocal translocation as an iso-
lated anomaly in 100 % of bone marrow cells. An increasing
leukocytosis (from 6.7x109/L to 31x109/L) and eosinophilia
(from 5.5% to 15%) was noticed in this patient during the fif-
teen months preceding diagnosis. FISH on the derivative 8p
showed that the YAC761A2 (Genes Chromosomes Cancer
22: 186, 1998; kindly provided by M. Chaffanet) was
retained. 12p13 was investigated using the following locus
specific probes from telomere to centromere: 4H9A-170G6-

407G6-543P15-433J6, and a panel of cosmids for ETV6
(5’-179A6-50F4-132B11-242E1-184C4-148B6-3’). The
breakpoint was narrowed between cos184C4, translocated
to the der(8), and cos148B6, kept on der(12), in the region
between the 5th and the 8th exon of ETV6. Starting from
these results 5’ and 3’ RACE-PCR was performed with
primers specific for the ETV6 gene. We identified in the 3’
RACE a chimeric product resulting from a fusion between
ETV6 exon 5 and ABL exon 1b. The breakpoint was exact-
ly located at the ETV6 intron 5 donor site resulting in its
elimination and therefore in an abnormally spliced product.
RT-PCR done with primers specific for ETV6 exon 4 and
ABL exon 2 confirmed the existence of a chimeric transcript
resulting from the splicing between ETV6 exon 4 and ABL
exon 2. FISH with a D-BCR/ABL probe (Oncor) was help-
ful in localizing the ETV6-ABL fusion gene to the deriva-
tive 8p. Results were as follows: two green spots, corre-
sponding to BCR gene, on the two chromosomes 22, and
three red spots, corresponding to ABL gene, on both chro-
mosomes 9 and on the der(8). We conclude that the ETV6-
ABL fusion protein might be related to eosinophilia in
myeloid malignancies. The ETV6-ABL rearrangement
occurs as a cryptic event in the presence of either normal
chromosomes 9 or a complex karyotypic change. The AIRC
(Associazione Italiana per la Ricerca sul Cancro) is kindly
acknowledged.
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LEVELS OF IL-4, IL-10 AND INF-γ IN THE SERUM AND IN
THE PBMC CULTURE SUPERNATANTS FROM 31
PATIENTS WITH HEMATOLOGIC MALIGNANCIES

Mantovani G, Macciò A, Lai P, Massa E, Mudu MC,
Mura L
Department of Medical Oncology, University of Cagliari,
Italy

Objectives. We studied the production of TH1-type ver-
sus TH2-type cytokines by lymphocytes of patients (pts) with
hematological malignancies: these cytokines may play a role
in disease progression. Interleukin (IL-)4 and IL-10 are
cytokines produced by TH2-type whereas interferon (IFN-
)γ is produced by TH1-type lymphocytes. The major anti-
neoplastic activity is played by host’s TH1-type cells. A shift
from TH1-type cytokines towards TH2-type is considered
an evidence and a possible cause of cancer progression. Meth-
ods. We studied the levels of IL-4, IL-10 and IFN-γ in the
serum and in the culture supernatants from PHA- or anti-
CD3 monoclonal antibody (MoAb)-stimulated peripheral
blood mononuclear cells (PBMC)] in 36 pts (mean age 57.3
years, range 23-83) with hematological malignancies [14
non-Hodgkin’s lymphoma (NHL), 6 Hodgkin’s lymphoma
(HL), 10 multiple myeloma, 4 hairy cell leukemia (HCL), 1
chronic myelogenous leukemia (CML) and 1 chronic lym-
phocytic leukemia (CLL)]. Ten age-sex-matched normal
subjects were used as controls. The pts with NHL, HL and
HCL were divided in two groups: those with active disease
(AD) and those in clinical complete remission (CR); the pts
with myeloma were all AD whereas the pts with CML and
CLL were in CR. Results. Serum levels of IL-4 and IFN-γ
were in the same range in pts (either AD or CR) and in con-
trol group. Serum levels of IL-10 were significantly higher in
pts with NHL, HL and HCL with AD as compared either
to pts with NHL, HL and HCL in CR, myeloma, CML,
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CLL or controls. The levels of IFN-gamma in culture super-
natants from PHA- or anti-CD3 MoAb-stimulated PBMC
were in the same range in controls and in all pts except that
with HCL (AD), in whom the levels were higher. The lev-
els of IL-4 were higher in culture supernatants from PBMC
of pts with NHL, HL, HCL (AD) and myeloma than those
of pts in CR and controls. The levels of IL-10 were higher
in culture supernatants from PBMC of pts with AD in com-
parison with those of pts in CR and controls. The culture
supernatants from PBMC of pts with HCL in CR had low-
er levels of IL-10 than that of pt with AD, even if those lev-
els were higher than controls. Conclusions. These results sug-
gest that in hematologic malignancies, especially with AD,
there is a shift from TH1-type to TH2-type cytokine pro-
duction, which may play a role in disease progression. Only
PBMC from pt. with HCL (AD) were able to release high
amounts of IFN-γ. Work supported by M.U.R.S.T. National
Research Projects, Project No. 9906041835.

130
THALIDOMIDE FOR THE TREATMENT OF MULTIPLE
MYELOMA AND OTHER HEMATOLOGIC MALIGNANCIES

Musto P, Scalzulli Potito R, Bodenizza C, Falcone A,
Matera R, Mantuano S, Carotenuto M
Department of Onco-Hematology, Unit of Hematology, IRCCS
“Casa Sollievo della Sofferenza” Hospital, S. Giovanni Roton-
do, Italy

Thalidomide is an immunomodulating agent with recent-
ly discovered anti-angiogenesis effects. Since angiogenesis
has been found to be important for tumor growth and pro-
gression, thalidomide has been recently employed for the
treatment of several neoplastic diseases, including multiple
myeloma (MM) and other hematologic malignancies. We
are currently evaluating the therapeutic role of thalidomide
in patients with MM, myelofibrosis (MF) and myelodys-
plastic syndromes (MDS). Ten patients with advanced, resis-
tant or relapsed MM (at least 3 lines of previously received
chemotherapy, including high dose chemotherapy with
autologous stem cell support in one case) have been so far
treated at our Institution with thalidomide alone, at the dose
of 200 mg/d p.o. Five patients have completed at least 8
weeks of treatment and are evaluable for response. Two
patients showed progression of the disease, while in a further
two subjects no significant modification of clinical and lab-
oratory parameters occurred. In the last patient, a severely
transfusion-dependent 54-year old female, completely resis-
tant to 3 lines of treatment, including high-dose mobilizing
chemotherapy, a dramatic response was seen: total proteins
and M-component reduced from 11.3 to 7.8 g/dL and from
5.6 to 2.9 g/dL, respectively, while bone pain significantly
decreased and no further transfusional support was required,
with Hb levels constantly maintained above 9 g/dL. How-
ever, bone marrow plasma cell infiltration (about 90% at
baseline) did not change significantly and no reduction of
bone marrow vessel density or serum levels of vascular
endothelial growth factor (VEGF) were found during treat-
ment. After 2 to 5 weeks of therapy with thalidomide at the
same dose, no significant modifications of clinical or labora-
tory parameters have been seen in 6 patients, two with MF
and four with MDS (two sideroblastic and two refractory
anemias). No relevant side effects occurred. In a single

patient constipation required reduction of the dose to 100
mg/d. Increases up to 300 mg/d or more of thalidomide were
not tolerated in a further three, non-responsive patients, who
complained of various gastro-intestinal and neurologic
symptoms. Our preliminary experience confirms that
thalidomide, at relatively low dose, may be highly effective
in selected patients with MM. As far as MF and MDS are
concerned, results on larger numbers of patients with longer
follow-up will be presented at the meeting.

131
HD-MACHOP RADIOTHERAPY + AUTOLOGOUS STEM
CELL TRANSPLANTATION AS FRONT LINE THERAPY FOR
PATIENTS WITH HIGH-INTERMEDIATE AND HIGH RISK
NON-HODGKIN’S LYMPHOMA

Zaja F, Fuga G, Sperotto A, Damiani D, Fanin R, Bacca-
rani M
Division of Haematology and Department of Bone Marrow
Transplantation, University Hospital, Udine, Italy

Patients with non-Hodgkin’s lymphoma (NHL) and
high-intermediate (HI) or high (H) risk disease according to
the International Prognostic Index (IPI) have a poor out-
come, with a 5-year projected survival of 40 % and 30 %,
respectively. Most of the cases fail to respond to traditional
CHOP or CHOP-like regimens and are not able to be sub-
mitted to a front line intensive treatment based on induction
therapy followed by consolidation with autologous stem cells
transplantation (ASCT). Herein we report the preliminary
results of an ongoing prospective, single center clinical trial
for patients with age-adjusted HI and H risk NHL, based on
the administration of an intensified third generation induc-
tion regimen (HD-MACHOP); radiotherapy (RT) to bulky
or localized residual disease, peripheral blood stem cell col-
lection (PBSC) and ASCT. The induction therapy with
HD-MACHOP consists of HD-MACHOP/A (pred-
nisone 60 mg/m2 day 1 to 14, vincristine 2 mg day 1,
cyclophosphamide 800 mg/m2 day 2, adryamycyne 60 mg/m2

day 2, cytosine-arabinoside 1,000 mg/m2 day 2 and 3,
methotrexate 1500 mg/m2 day 3) alternated to HD-
MACHOP/B (prednisone 60 mg/m2 day 1 to 14, vincristine
2 mg day 1, iphosphamide 800 mg/m2 day 2, adryamicine 60
mg/m2 day 2, cytosine-arabinoside 2,000 mg/m2 day 2 and
3, methotrexate 500 mg/m2 day 3) to be repeated every 21
days for a maximum of 6 courses. Patients in complete (CR)
or partial remission (PR) underego PBSC collection with
G-CSF (16 g/kg) two to three months after the last HD-
MACHOP course. For patients who fail the first PBSC col-
lection a second or third attempt from bone marrow is
allowed. ASCT is performed using BAVC as conditioning
regimen. Inclusion criteria are: age less then 60 years old,
absence of previous treatment, HIV negativity, absence of
other important diseases. Precursor B- and T-cell NHL are
excluded. At present 13 patients (9 HI and 4 H risk), medi-
an age of 38 years (range 20-55 years), have been registered
in the study; 10 patients have completed induction treat-
ment, 2 patients underwent RT, 9 patients underwent PBSC
collection, 5 patients have been autotransplanted and 3
patients are still in treatment with the induction therapy.
After HD-MACHOP RT 5/10 patients achieved a CR, 4
patients a PR and 1 patient was considered a nonresponder
due to an early relapse. Stem cell collection was succesfully
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in 6/9 patients and the median number of CD 34 + cells was
2.4 x10e6/kg (range 1.1-3.2). Four out of 6 patients needed
more then one collection. After a median follow-up from
diagnosis of 13 months (range 3-19 months), 12/13 patients
are alive; 3 patients are not evaluable for the remission sta-
tus because they are still in induction treatment, 6 patients
are in continuous CR and 3 patients are in PR. During HD-
MACHOP therapy, grade III-IV anemia, thrombocytope-
nia and neutropenia were observed in 1/10, 3/10 and 6/10
patients, respectively. Two patients required red blood cell
transfusion; none developed grade III-IV infection. Extra-
hematologic toxicity was mild and consisted in grade III
mucositis in 3 patients. These preliminary results underline
the feasibility and efficacy of this intensive therapeutic pro-
gram and stimulate further accrual of patients.

ORAL COMMUNICATIONS
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132
EFFECTS OF ARSENIC TRIOXIDE AND ATRA ON SHORT-
TERM CULTURES OF NON-M3 LEUKEMIC BLASTS

Cosenza M, Civallero M, Sacchi S
Dipartimento di Scienze Mediche, Oncologiche e Radiologiche.
Università degli Studi di Modena e Reggio Emilia

Recently, a remarkable efficacy of arsenic trioxide (AS2O3)
has been demonstrated in patients with acute promyelocyt-
ic leukemia (APL). The molecular mechanism by which
AS2O3 exerts its activity is largely unknown even if the induc-
tion of apoptosis seems to be involved. The efficacy of ATRA
in the treatment of APL is well known; it has the capacity to
induce terminal differentiation and plays an important role
in inducing apoptosis. Based on these data, we studied the
biological effects of AS2O3 and ATRA, in vitro, on myeloid
blasts from patients with non-M3 acute mieloid leukemia
(AML). The aim of this study was to evaluate the inhibition
of cellular growth, the induction of apoptosis and a possible
synergistic activity between AS2O3 and ATRA. Material and
Methods. Cellular cultures: the mononuclear cell population
(1x10

6
cells/mL) from peripheral blood of patients affected

by AML non-M3, obtained by centrifugation on density
gradient (Ficoll), were   cultured in RPMI-1640 supple-
mented with FCS heat-inactivated, glutamine, penicillin and
streptomycin, at 37°C, in a humid atmosphere and 5% CO2

in air. After 24h the culture medium was removed; ATRA
and AS2O3 were added, using different concentrations (10-

5M-10-9M). After incubation with the drugs, some parame-
ters were analyzed to evaluate the inhibition of cellular pro-
liferation and to evaluate the percentage of cells in the dif-
ferent phases of cell cycle. The parameters studied were: 1)
the number of cultured viable cells, using trypan blue 2%
staining and a Burker chamber; 2) the morphologic features
of apoptotic cells stained with May-Grünwald-Giemsa and
analyzed microscopically; 3) cycling cells using Ki-67 and
BrDU with immuno-cytochemical methods; 4) nuclear
DNA fragmentation using the  TUNEL method on cytospin
obtained from cultured cells. Results: after 48h of treatment
with AS2O3 we observed, in comparison with control cul-

tures, an inhibition of proliferation with all the concentration
used in our study. The percentage of inhibition was: 13%,
26%, 31%, 45%, 73% respectively for 10-9M, 10-8M, 10-7M,
10-6M, 10-5M of AS2O3 concentrations. The inhibition of
myeloid blasts growth with ATRA, after 48h of treatment,
was: 19% at 10-9M, 29% at 10-8M, 35% at 10-7M, 45% at
10–6M, 61% at 10-5M. The results of Ki-67 and BrDU stud-
ies showed a decrease of positive cells in cultures treated with
both drugs. The results so far obtained are insufficient to
assert that the inhibition observed is related to apoptotic
events. Studies of apoptosis with the TUNEL method and
the evaluation of a possible synergistic action between AS2O3

and ATRA are in progress. If synergistic effects of the two
drugs will be demonstrated in the planned experiments, they
would represent a background for adjuvant therapies against
leukaemia. 
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PREDICTIVE VALUE OF QUANTITATIVE REAL-TIME
EVALUATION OF MOLECULAR RESPONSE IN CHRONIC
MYELOID LEUKEMIA PATIENTS TREATED WITH 
α-INTERFERON

Giannini B, Martinelli G, Amabile M, Montefusco V,
Testoni N, De Vivo A, Bonifazi F, Ottaviani F, Saglio G,*
Terragna C, Buonamici S, Soverini S, Gambacorti-Passeri-
ni C,# Russo D,° Trabacchi E, Bassi S, Rosti G, Baccarani
M,° Tura S
Institute of Hematology and Medical Oncology “Seràgnoli”, Uni-
versity of Bologna; *Clinica Medica della 2a Facoltà di Medic-
ina e Chirurgia, Novara; °Institute of Haematology, Universi-
ty of Udine, #Istituto Nazionale Tumori, Milan, Italy

A substantial minority of patients with chronic myeloid
leukemia (CML) achieve a complete cytogenetic response
(CCR) to treatment with interferon-α(IFN), defined as the
disappearance of Philadelphia chromosome-positive meta-
phases. We used a competitive RT-PCR1 and Real-Time
TaqMan to quantify BCR-ABL2-6 transcripts in 323 bone
marrow and peripheral blood specimens collected from 44
patients who had achieved CCR with IFN.2 The median
duration of observation was 2.4 years (range 1.2-12.2). Total
ABL, GAPDH, β2microglobulin transcripts were quanti-
fied as internal control and expressed as BCR-ABL tran-
scripts/microRNA and as BCR-ABL/ABL, BCR-
ABL/GAPDH, BCR-ABL/β2 microglobulin ratios. All 44
patients had evidence of residual disease. The actual level of
minimal residual disease correlates with the probability of
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cytogenetic response. The median number BCR-
ABL/µRNA at the time of maximal response for each
patients was 4 (range 3-4,600) and was significantly lower in
patients who remained in CCR than in those who had a
major karyotypic response (4,490 versus 4, p<0.0001). Our
findings show that the level of residual disease falls with time
in complete responders to α-IFN. We used the same analy-
sis on 118 samples (17 bone marrow, and 101 peripheral
blood) of 18 CML patients in accelerated or blastic phase,
who received tyrosine kinase inhibitor therapy (STI 571). We
found that BCR-ABL transcript levels fell with time in STI
571 responders. Our competitive RT-PCR and Real-Time
TaqMan assays both proved reliable and sensitive methods for
monitoring CML patients receiving different types of treat-
ment,7 and in particular predicting α-IFN response.
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AGE-RELATED CHANGES IN CD50 AND CD62L ADHE-
SION RECEPTOR EXPRESSION ON NAIVE (CD45RA+)
AND MEMORY (CD45RO+) T-LYMPHOCYTES

Ginaldi L, De Martinis M, Modesti M, Profeta VF,* Loreto
MF, Corsi MP, Quaglino D
Department of Internal Medicine and Public Health, Univer-
sity of L’Aquila,Italy. *Ser.T ASL Teramo, Italy

Several changes occur in the immune system with advanc-
ing age, leading to decreased immune responsiveness. Naive
and memory peripheral blood T-cell subpopulations are
defined by the mutually exclusive expression of the two iso-
forms of CD45 leukocyte antigen, namely CD45RA and
CD45RO. A decrease in the proportion of CD45RA+ naive
T-cells concomitant to an expansion of CD45RO+ memory
T-lymphocytes is the hallmark of senescence; in addition these
subsets show functional anomalies that could be partly due to
altered expression of surface receptors, and in particular cell
adhesion molecules (CAMs), mediating important cellular
functions. In the present study we used a three-color flow
cytometry method to quantify the proportion, the absolute
number and the density expression or median fluorescence
intensity (MFI) of CD50 (ICAM-3) and CD62L (L-selectin
homing receptor) adhesion receptors on CD45RA+ and
CD45RO+ peripheral blood CD3+ T-cell subsets from 10
healthy elderly subjects and 10 young controls. Both elderly
(range 70-100 years) and young (range 20-49 years) subjects
were selected on the basis of clinical evaluation and of bio-
chemical and hematologic parameters, as recommended by
the SENIEUR Protocol for gerontological studies. Our aim
was to investigate age-dependent changes in the expression
pattern of these CAMs on naive and memory lymphocytes
which might contribute to the remodelling of the immune
system in the elderly. The percentage of CD45RA+ T-cells
expressing CD50 is not significantly modified in elderly
(94.81 + 5.05) compared to young individuals (97.77 + 3.19).
In contrast, the percentage of CD45RA- T-cells exhibiting
CD50 is lower in elderly than young donors (91.90 + 6.37 vs
98.28 + 2.17; p<0.01). The percentage of CD45RO- T-lym-
phocytes expressing CD62L is decreased in the elderly (53.26
+ 18.86 vs 80.79 + 11.03; p<0.001), whereas the proportion
of CD45RO+ T-lymphocytes expressing CD62L is sub-
stantially comparable between the two age groups (63.55 +
15.67 vs 54.75 + 12.29). The absolute number of CD50+
naive T-cells from aged individuals is decreased (251.91 +
141.94 vs 621.80 + 238.02; p<0.001) whereas memory periph-
eral blood T-lymphocytes expressing CD50 are substantial-
ly unchanged (863.81 + 260.92 vs 802.69 + 139.61). The
absolute numbers of naive and memory peripheral blood T-
lymphocytes exhibiting CD62L are respectively decreased
(190.77 + 133.41) and increased (515.06 + 146.84) in elder-
ly donors compared to young controls (601.27 + 129.14 and
351.83 + 195.04; p<0.001 and 0.05, respectively). Concern-
ing CAM density expression at a per cell level, CD50 MFI
values of naive as well as memory T-cell subpopulations from
aged subjects are increased compared to those in young
donors (14.97 + 1.98 vs 9.83 + 1.20 and 13.97 + 2.01 vs 11.60
+ 1.34; p<0.001 and 0.01 respectively). CD62L is also over-
expressed in both naive (8.45 + 1.62 vs 6.75 + 1.43; p<0.05)
and memory (10.37 + 2.51 vs 5.43 + 1.14; p<0.001) T-cell
subsets in the elderly. Naïve end memory T-lymphocytes
from aged donors express CD50 and CD62L at increased
intensity levels and in different percentages compared to
young subjects. This upregulation could be interpreted, rather
than as an age-related anomaly, as a compensatory mecha-
nism to a decreased responsiveness and a greater requirement
for activation signals.
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VASCULAR ENDOTHELIAL GROWTH FACTOR ISOFORMS
121 AND 165 ARE EXPRESSED ON B-CELL CHRONIC
LYMPHOCYTIC LEUKEMIA CELLS

Molica S, Iuliano F, Dattilo A, Giulino C, Levato D
Divisione di Ematologia ed Oncologia Clinica,Azienda
Ospedaliera “ Pugliese-Ciaccio “. Catanzaro

The possibility of a role for angiogenesis in B-cell chron-
ic lymphocytic leukemia ( CLL) was based on evidence of
either increased microvessel density in the bone marrow or
high circulating levels of vascular endothelial growth factor
(VEGF) in the serum. On this background we analyzed, by
flow cytometry, the expression of VEGF on leukemic cells
of 11 B-CLL patients using a monoclonal antibody direct-
ed against 121 and 165 isoforms. For this purpose a mono-
clonal antibody anti-VEGF whose specificity covered 121
and 165 isoforms (Clone, 26503; mouse IgG 2b; R&D Sys-
tems Inc.) was used. All experiments were carried out in dou-
ble staining according to previsiously reported methods. In
all instances diagnosis of typical B-cell CLL relied on either
cytomorphologic or immunologic analysis which substanti-
ated using a panel of monoclonal antibodies including
CD5,CD23,CD22,FMC7,CD79b and light chain SmIg.
All patients tested displayed a positive reaction for VEGF.
The percentage of leukemic cells reactive to VEGF ranged
between 37.2% and 97% (median, 62.5%). With respect to
the antigen density a different pattern could be observed from
patient to patient. Mean fluorescence intensity (MFI) ranged
between 99 and 156. Interestingly, MFI of patients with a
progressive pattern of disease was higher,altough a statisti-
cal significance was not reached, than MFI of patients with
stable disease at the time of sampling( median MFI,138.5 vs
109; p=0.170). A potential implication of cellular VEGF
expression in the mechanisms underlying the progression of
disease can be drawn from our observation.

136 
ARSENIC TRIOXIDE INDUCES APOPTOSIS AND CELL
CYCLE ARREST IN HERPESVIRUS INFECTED PRIMARY
EFFUSION LYMPHOMA CELL LINES

Trovato R, Luppi M, Barozzi P, Ravazzini L, Rasini V,
Donelli A, Panissidi T, Chiodino C, Morselli M, Marasca
R, Roncaglia R,* Torelli G
Department of Medical Sciences, Section of Hematology. Uni-
versity of Modena and Reggio Emilia. *Laboratory of Immuno-
haematology, Policlinico of Modena, Modena, Italy.

The compound arsenic trioxide is an effective drug in the
treatment of acute promyelocytic leukemia, inducing apop-
tosis in leukemic cells in vivo and in vitro. Recent studies
reported that arsenic trioxide induces apoptosis or cell cycle
arrest in lymphoid neoplasias, including multiple myeloma,
chronic lymphocytic leukemia and human T-cell lym-
photropic virus-I (HTLV-I) associated adult T-cell
leukemia. In this study we analyzed the effect of arsenic treat-
ment on BCBL-1 and HBL-6 cell lines, which had been
derived from patients with primary effusion lymphomas,
infected with human herpesvirus-8 (HHV-8) and HHV-
8/Epstein-Barr virus (EBV) respectively. Apoptosis was

measured with propidium iodide (PI) incorporation and cell
cycle analysis by flow cytometry and confirmed by DNA
fragmentation and cell morphology after Giemsa staining.
BCBL-1 showed 65% of apoptotic cells after treatment for
3 days with 1µM of arsenic trioxide. Lower apoptosis (about
20%) but an arrest in Go/G1 phase were observed in HBL-
6 cells at the same concentration of arsenic trioxide. It has
been reported that apoptosis induced by arsenic trioxide is
frequently mediated by a downregulation of anti-apoptotic
bcl-2 expression. To verify wether this event is associated
with apoptosis in BCBL-1 cells, we analyzed bcl-2 expres-
sion by flow cytometry and immunostaining, but very low
levels of protein expression were observed in both untreated
and treated cells. HHV-8 genome is characterized by the
presence of several homologs of cellular genes, including the
anti-apoptotic gene coding for v-bcl-2. Thus, we further test-
ed, by semiquantitative RT-PCR, viral bcl-2 expression but
no downregulation by arsenic trioxide was observed in treat-
ed cells. We are currently studying the expression level of
other anti-apoptotic viral genes and other apoptotic path-
ways. The dramatic induction of apoptotic events by arsenic
trioxide in HHV-8 infected BCBL-1 cell lines is interesting,
considering that among high grade B-cell lymphomas (such
as Burkitt’s lymphoma) arsenic trioxide-induced apoptosis
has been not observed. This study suggests that the use of
arsenic trioxide could be considered for the treatment of
selected patients with primary effusion lymphomas resistant
to standard chemotherapy.
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IDIOPATHIC THROMBOCYTOPENIC PURPURA AND
SPLENECTOMY: 109 CASES FROM A SINGLE CENTER

Valdrè L,*Vianelli N,* Fiacchini M,* Catani L,* deVivo A,*
Poli M,* Pagliani G,* Boschi L,° Tura S*

*Institute of Hematology and Medical Oncology “Seràgnoli”,
University of Bologna °Surgical Department, University of
Bologna

Chronic idiopathic thrombocytopenic purpura (ITP)is
characterized by thrombocytopenia due to platelet seques-
tration. First line therapy with steroids induces complete
(CR) or partial (PR) response in 70-80% of cases. Howev-
er, immunosuppressive therapy fails to be effective in the
majority of the patients over time. Splenectomy is effective
in about 70-80% of cases. In the present study we analyzed
109 patients with ITP, 36 males and 73 females with a medi-
an age at diagnosis of 34 ± 16 years (range 6-67), who under-
went laparotomic splenectomy. One hundred and two
patients underwent splenectomy after one or more thera-
peutic lines, while 7 patients had been untreated. The mean
number of platelets at the time of splenectomy was 36 ± 31
x 109/L, with a mean interval between diagnosis and splenec-
tomy of 22 ± 30 months. ninety-four of the 109 (86%)
patients had a favorable response (CR+ PR) after splenecto-
my; 15(14%) patients were refractory and then underwent
second line therapy, which was effective in 10 cases. Twen-
ty-two of the 94 (23%) patients relapsed 33 ± 62 months
(range 2-252) after splenectomy. Eighteen of 22 patients
underwent further treatments which were effective in 12 cas-
es. The mean follow-up after splenectomy was 176±81 (range
10-433) months. No infective complications were docu-
mented. Our experience confirms the efficacy and safety of
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splenectomy in chronic ITP, even though a different timing
of other therapeutic approaches should be considered for
refractory or relapsed patients.
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REAL-TIME QUANTIFICATION OF MINIMAL RESIDUAL
DISEASE IN INV(16) POSITIVE ACUTE MYELOID
LEUKEMIA CAN PREDICT CLINICAL RELAPSE AND IDEN-
TIFY PATIENTS IN DURABLE REMISSION

Buonamici S, Ottaviani E, Testoni N, Visani G, Saglio G,*
Montefusco V, Bonifazi F, Amabile M, Terragna C,
Soverini S, Isidori A, Fiacchini M, Tura S, Martinelli G
Institute of Hematology and Medical Oncology Seràgnoli, Uni-
versity of Bologna, Italy; *Department of Medical Science and
Human Oncology, University of Turin; Italy

In acute myeloid leukemia (AML) patients with
inv(16)(p13;q22) or t(16;16)(p13;q22), RT-PCR can detect
the presence of the CBFβ-MYH11 fusion transcript.1-4

Favorable clinical outcomes have been reported despite the
presence of CBFβ-MYH11 transcripts as minimal residual
disease (MRD).5 To investigate the prognostic value of
CBFβ-MYH11 fusion transcript quantification, we used real-
time RT-PCR to study eighteen AML patients with
inv(16)(p13;q22) at diagnosis and after induction and consol-
idation therapy. Real-time RT-PCR is a fluorometric-based
technique that allows simple and rapid quantification of a tar-
get sequence during the extension phase of PCR amplifica-
tion. With respect to end-point quantitative competitor meth-
ods, real-time RT-PCR has the advantage that it provides
absolute quantification of the target sequence, expanding the
dynamic range of quantification over 105 times. It eliminates
the need for post-PCR processing, and reduces labor and car-
ry-over contamination. Abl is used as the reference gene. In
this study, we used real-time quantitative RT-PCR to evalu-
ate CBFβ-MYH11 transcripts in 18 AML patients with
inv(16)(p13;q22) at diagnosis and after induction and consol-
idation chemotherapy. All patients showed (≥) 102 transcripts
at diagnosis. Thirteen of the 18 patients had a 2- to 4-log
decrease following induction chemotherapy. This reduction
corresponds to what is generally thought to occur in AML
patients who achieve complete remission (CR) after induc-
tion.6-7 After consolidation, all 13 of these patients had com-
plete disappearance of the transcript and attained long-term
CR. The five patients who had a decrease of less than 2-log
after induction all displayed an increase in the number of tran-
scripts after consolidation. In all cases, this was followed by
relapse. Two of these 5 patients died after relapse, while the
other three achieved a 2- to 4-log decrease in transcript num-
ber after re-induction. These three patients all achieved long-
term CR. We conclude that real-time RT-PCR quantification
during CR seems to be more predictive of cure or relapse than
qualitative assessment.
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139
SILENCING OF SOMATIC MUTATION OCCURS PRIOR TO
SWITCHING TO MULTIPLE ISOTYPES IN HAIRY CELL
LEUKEMIA

Forconi F,* Sahota SS,* Raspadori D,° Lauria F,° Stevenso-
n FK*

*Molecular Immunology Group, Tenovus Research Laboratory,
Southampton University Hospitals, Southampton, UK. °Catte-
dra e U.O. di Ematologia, Ospedale A. Sclavo, Universià di
Siena, Siena, Italy

Hairy cell leukemia appears to derive from a mature B-cell
which expresses markers associated with activation. Analy-
sis of Ig variable region genes has revealed somatic mutation
in the majority of cases, consistent with an origin from a
memory B-cell. One unusual feature of hairy cells is the fre-
quent expression of multiple Ig heavy chain isotypes, with
dominance of IgG3, but only a single light chain type. The
origin and clonal relationship of these isotype variants has
been unclear. Analysis of RNA transcripts of VHDJh-con-
stant region sequences can be used to investigate the genes
encoding the variants. We have investigated 5 cases of typi-
cal HCL, all expressing multiple Ig isotypes at the cell sur-
face. The tumor-derived VHDJH-Cm sequences were iden-
tified and found to be somatically mutated (range 1.4-6.5%),
with a low level of intraclonal heterogeneity. In 2/5 cases,
IgD-derived clonal sequences with identical mutational pat-
terns were obtained. In all cases, IgG3-derived clonal
sequences were identified, with additional IgG subclasses in
3/5. IgA-derived clonal sequences were detected in 4/5. In
3 cases, full length VHDJh-constant region sequences were
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obtained for all the isotype variants. These showed identical
mutational patterns, indicating that somatic mutation had
been silenced at the IgM stage. Expression of Ig protein gen-
erally correlated with detection of transcripts, except for IgA,
in which 3 cases with detectable transcripts did not express
IgA. These findings indicate that the multiple isotypes of
HCL are clonally related and that the process of isotype
switching occurs after somatic mutation. Switching to IgG3
appears to be common, but IgG1, IgG2 and IgA1 also arise,
consistent with a continuing influence of the switching
process in the tumor clone.

140
COLLECTION AND ENGRAFTMENT CHARACTERISTICS OF
PERIPHERAL BLOOD STEM CELLS MOBILIZED WITH
HIDOSE CYCLOPHOSPHAMIDE OR DHAP REGIMEN
PLUS G-CSF IN NON-HODGKIN’S LYMPHOMA PATIENTS

Gaudio F, Pavone V, Perrone T, Guarini A, Zonno A, Liso V
Hematology, University of Bari, Italy

High dose chemotherapy plus autologous stem cell trans-
plantation plays an important role in achieving long-term
remission in certain groups of patients with non-Hodgkin’s
lymphoma (NHL). Peripheral blood stem cells (PBSC) are
increasingly used world-wide for autotransplantation in
malignancies and are now even proposed for allografts. The
optimal protocol for mobilization of PBSC remains
unknown. Not all chemotherapies are capable of PBSC
mobilization which is also relevant to various factors such as
the type of disease, prior treatments or individual factors (age,
stage, etc). Both different combination chemotherapy and
single high-dose chemotherapy have been used, also depend-
ing on the type of disease. Our study analyzes the possible
factors influencing mobilization and hematopoietic stem cell
harvest and engraftment in 36 NHL patients submitted to
PBSC transplantation. There were 19 males, 17 females
with NHL (21 follicular and 15 large cells). Their median
age was 37 years (range 17-60); 32 (89%) had stage III-IV
disease; 24 (66%) had bone marrow involvement. Systemic
B symptoms were present in 21 (58.3%). The patients had
received a median of 2 previous chemotherapy regimes.
Mobilization chemotherapy was the DHAP regimen in 24
(66%) and cyclophosphamide (CPM) (5 g/sm2) in 12 (23%).
Median time from mobilization to harvest was 11.5 days. At
the time of PBSC mobilization 20 patients (58.8%) were
considered responsive (in complete remission, in partial
remission or in sensitive relapse) and 14 (41.2%) not respon-
sive (in relapse or refractory to therapy). Regression analysis
showed that, in contrast with other parameters analyzed (his-
tology, disease status, bone marrow involvement, mobiliza-
tion regimen) only preapheresis blood CD34+ cell count and
number of previous chemotherapy regimens were predictive
of the total amount of CD34+ cells in the apheresis product
(r=0.4 and –0.5 respectively). In addition, we found a poor
correlation between WBC count in the peripheral blood and
number of CD34+ cells in the peripheral blood or in the
apheresis component. WBC count in the blood was found
to have correlation with the number of mononuclear cells
collected (r=0.4). Otherwise age was predictive of the total
amount of CFU-GM collected (r=-0.5). Type of mobilizing

regimen, histology, disease status, bone marrow involvement
did not correlate with either MNC, or CD34+ cells or CFU-
GM collected. Overall engraftment occurred within a medi-
an of 10 days to ANC >0.5x109/L and 12 days to PLT
>30x109/L. No statistically significant difference in ANC
recovery was noted in the two mobilized groups. The medi-
an number of days to PLT >30˙109/L was 13 for the DHAP
group and 10 for the CPM group, with a statistically signif-
icant difference (p=0.022), not evident in long-term recov-
ery. Patients receiving more than 5x106/kg CD34+ cells had
even more rapid haematopoietic reconstitution with a sig-
nificant reduction in hospital stay and transfusion require-
ments. The mobilizing regimen (CPM vs. DHAP) did not
influence the achievement of the threshold CD34+ cell yield
for optimal engraftment (Table 1).

Table 1. Collected cells.

DHAP CPM

CMN x108/kg 3.5 P=ns 2.9
CD34+ cells x106/kg 4.9 P=ns 7.06
CFU-GM x104/kg 263.8 P=ns 266.1
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COMBINATION CHEMOTHERAPY WITH FLUDARABINE,
CYTARABINE AND TOPOTECAN (FLAT) FOR ACUTE
MYELOID LEUKEMIA IN THE ELDERLY: A PILOT STUDY

Leoni F, Ciolli S, Nozzoli C, Santini V, Fanci R, Rossi
Ferrini P
Chair and Division of Haematology, Florence, Italy

The higher incidence of adverse prognostic factors and the
reduced capacity to withstand the intensity of chemothera-
py negatively affect the clinical results in elderly patients with
acute myeloid leukemia (AML). An important question
relates to the choice of drugs or to the doses applied in remis-
sion-induction treatment. Despite patient selection, stan-
dard induction with an anthracycline plus Ara-C results in
only 40-60% of complete remission (CR), due to toxic deaths
and chemoresistance.1 Thus effective and less toxic combi-
nations were developed with the aim of extending the chance
of CR to the majority of patients. The FLAG regimen com-
bining high-dose Ara-C, a drug not effluxed by multiple
drug resistance (MDR) membrane pump, plus fludarabine
which increases the rate of accumulation of Ara-CTP with-
in leukemic cells, is active in high-risk AML2 and may con-
stitute a valid option in the elderly.3 There are no definitive
data about a greater therapeutic efficacy of FLAG plus idaru-
bicin4 or mitoxantrone,5 while encouraging results were
reported with intermediate-dose Ara-C plus topotecan in
high risk AML and myelodysplastic syndromes (MDS).6

Thus we opened a phase II study with the combination of
fludarabine, Ara-C and topotecan (FLAT) as induction
treatment for elderly AML patients. Fludarabine 15
mg/m2/d was given for 4 days i.v. in 0.5 hours, followed 4
hours later by Ara-C 2 g/m2 i.v. over 4 hours and topotecan
1.25 mg/m2 i.v. over 4 hours. After a single induction course,
patients in CR were designed to receive consolidation with
both idarubicin 10 mg/m2 and etoposide 175 mg/m2 for two
days, while those with resistant disease underwent salvage
therapy . Myeloid growth factors were given after
chemotherapy only in the case of febrile neutropenia. Thir-
teen out of 14 elderly non-M3 AML patients consecutively
referred to our Department from July 1999 entered the study.
Patients characteristics are reported in Table 1. Noteworthy,
due to associated diseases or poor PS, only 7 of them fulfilled
the commonly applied eligibility criteria for a clinical trial.
After one course of FLAT, CR was achieved in 9 patients
(69%). Among the 4 patients with resistant disease, one was
salvaged with ICE therapy, so that the final CR rate was
10/13 (77%). Neither preceding MDS nor the cytogenetic
pattern was significantly related to CR achievement.
Although very preliminary, these results are encouraging and
appear to be mainly related to the negligible toxicity of the
regimen: no patient died during induction and the planned
post-induction treatment, either as consolidation or salvage
therapy, could be applied to all patients. No documented
infections were recorded, 7 patients experienced fever of
unknown origin (median 2 days) while none experienced
hepatic or renal toxicity. Moreover, no patient had alopecia.
The mean time from the end of therapy to neutrophils >0.5
and platelets>20 x 109/L was 18.5 and 17.6 days, respective-
ly. Transfusion support was constantly required with a mean
of 9 red blood cell and 21 platelet units from random donor.
In April 2000, after a median follow-up of 4 months, 2

patients are dead and 11 alive, 9 in continuous CR (one death
in CR after consolidation). This induction regimen appears
effective, well tolerated and suitable for most elderly AML
patients: an adequate follow-up is needed to draw any con-
clusion about the impact on CR duration and survival.

Table 1. Patient characteristics.

N° patients 13
Male/Female 6/7
Median age (range)(years) 70 (60-76)
PS>2 (WHO) 3
Concomitant diseases

Heart failure 3
Bilirubin >4n 1
Interstitial pneumonia 1
Perianal abscess 1

De novo AML 7
MDS/AML 5
t-AML 1
FAB subtype:

M1/M2 2
M4/M5 11

Cytogenetic (12 performed)
Low risk 1
Intermediate 5
High Risk 6
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142
COMPETITIVE POLYMERASE CHAIN REACTION OF
GENOMIC DNA AS A METHOD TO DETECT THE AMPLIFI-
CATION OF BCR-ABL GENE OF CHRONIC MYELOID
LEUKEMIA

Campanini F, Santucci MA, Pattacini L, Brusa G, Piccioli
M, Tura S
Istituto di Ematologia e Oncologia Medica “L.A. Seràgnoli”,
University of Bologna, Medical School

The chimeric product of bcr-abl rearranged gene is critical
in the pathogenesis of chronic myeloid leukemia (CML), yet
its role in the progression of the disease remains unclear. So
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far, increased bcr-abl expression levels, possibly due to gene
amplification, precede the clonal evolution of CML
hematopoietic progenitors toward a fully transformed phe-
notype and might be, altogether, involved in their resistance
to interferon-α or tyrosine kinase inhibitors. The aim of the
study presented here was that of developing a competitive
polymerase chain reaction (PCR) strategy useful for moni-
toring the bcr-abl expression levels at different stages of
CML. The competitive PCR technique is based upon coam-
plification of the sample template (target) together with
increasing amounts of a DNA fragment (competitor) sharing
with the target the primer recognition sites, but differing in
size. A competitor for the quantification of both a2b2 and
a2b3 alternative splicing forms of the bcr-abl chimera was
obtained by cloning within the a2b2 PCR product sequence
a 37 bp DNA fragment present in a commercially available
molecular weight marker preparation. The PCR reactions
were performed both on genomic DNA and reverse tran-
scription (RT) products in microcapillary tubes using a Rapid
Cycle DNA Amplification instrument (Idaho Technology).
In preliminary experiments carried out on bcr-abl-transduced
clones of the 32D hematopoietic cell line, we established, by
mean of titration assays, the accuracy and reproducibility of
our competitive strategy carried out on both genomic and
reverse transcribed DNA. Competitive PCR of genomic
DNA had a sufficient sensitivity to detect a single copy of the
bcr-abl rearranged gene thus, it enabled us to measure the
bcr-abl gene amplification precisely, when present. Compet-
itive PCR carried out on RT products was highly sensitive
and reproducible. We are presently attempting to correlate
the bcr-abl genomic copy number and its transcription level
in clinical samples and, on this basis, to build up a molecular
prognostic classification of CML patients.

143
EXPANSION OF CYTOTOXIC EFFECTORS WITH LYTIC
ACTIVITY AGAINST AUTOLOGOUS BLASTS FROM ACUTE
MYELOID LEUKEMIA PATIENTS IN COMPLETE HEMATO-
LOGICAL REMISSION

Torelli GF, Guarini A, Breccia M, Vitale A, Milana D,
Palmieri G, Santoni A, Foà R
Dipartimento di Biotecnologie Cellulari ed Ematologia and
Dipartimento di Medicina Sperimentale e Patologia, Univer-
sity “La Sapienza”, Rome

The role of cytotoxic cells in the defense against leukemia
is supported by numerous pieces of evidence. Many studies
indicate that natural killer (NK) cell activity is reduced in
patients with a variety of hematologic malignancies and that
impaired cytotoxic functions are commonly seen in patients
with leukemia and pre-leukemic disorders. The present study
was designed to investigate: 1) whether, and if so, to what
extent cytotoxic lymphocytes could be expanded in vitro from
acute myeloid leukemia (AML) patients in chemotherapy-
induced remission; 2) the integrity of the signal transduction
machinery of this expanded lymphocyte population, and 3)
whether these cells were cytotoxic against allogeneic and
autologous blasts. Effector cells were generated and expand-
ed from the peripheral blood of 6 AML patients in com-
plete hematologic remission. Ficoll density gradient separat-
ed peripheral blood mononuclear cells were allowed to adhere
to plastic for 2 hours and then cultured for 10 days at 37 °C
with irradiated feeder cells. Four normal donors served as
controls. At the end of the 10-day culture period, we
obtained an average 4-fold increase in the total cell number
and an average 19-fold increase in the number of CD3-
CD16+/CD56+ NK cells, which represented 50-90% of this
expanded population, while the remaining cells were CD3+.
No monocytes or B-cells were observed. These results are
comparable to those obtained with normal donors. In this cell
population, we then investigated the expression of the zeta
chain, which is associated to the CD16 or CD3-TCR com-
plex, and of the tyrosine kinases of the SYK/ZAP-70 (SYK
and ZAP-70) and src (LCK) families. By Western blot
analysis on total cell lysates, we could show that the cytotoxic
cell population expanded from AML patients in remission
(n. 4) contained a signal transduction apparatus that was
apparently preserved and, with regard to the investigated
proteins, comparable to that of normal donors. We then test-
ed the cytotoxic potential of the expanded cells from 2
patients and 2 donors in a standard 51Cr release cytotoxic
assay against the target cell lines K562, Raji and HL-60, as
well as against autologous and allogeneic AML blasts.
Patients’ cells showed a cytolytic activity against the cell lines
and allogeneic blasts comparable to that of normal donors.
In addition, we demonstrated that the expanded cytotoxic
cells exerted a lytic effect also against autologous AML blasts.
Taken together, these findings document for the first time
the expansion of cytotoxic effectors with autologous killing
capacity from AML patients in remission. Further studies are
underway in order to characterize this effector cell popula-
tion better and to investigate the possibility of utilizing these
cytolytic effectors for the management of minimal residual
disease.
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