
C
hronic myeloid leukemia (CML) is a
myeloproliferative disorder whose clini-
cal hallmark is the abnormal expansion

of clonal hematopoiesis still capable of achiev-
ing terminal differentiation. CML exhibits a
biphasic clinical course: it originates as an indo-
lent disease, the initial chronic phase, which
results from clonal expansion of a pluripotent
or multipotent hematopoietic progenitor cell
compartment retaining normal phenotype and
normal functioning. The real leukemia, termed
blast crisis, represents the ineluctable outcome
of the chronic phase of the disease. It is marked
by the emergence within the clonal hemato-
poiesis of fully transformed cell clone(s) arrest-
ed at an early stage of differentiation, either
myeloid or lymphoid.

CML clonal hematopoiesis is identified by a
cytogenetic marker, the Philadelphia (Ph1)
chromosome.1 The Ph1 chromosome is gener-
ated by a reciprocal translocation between the
long arms of chromosomes 9 and 22. As a con-
sequence of this translocation, most of the c-abl
protooncogene located on chromosome 9 joins
to a gene located on chromosome 22, called the
breakpoint cluster region (bcr). The resulting
rearranged gene, the bcr/abl chimera, contains
approximately the first half of the bcr-coding
sequences starting from the breakpoint cluster
region, followed by the abl sequences down-
stream to exon 2.2 It transcribes an 8.5 kb
mRNA that codes for a 210 kDa hybrid prod-
uct, termed p210, in which the normal N-ter-
minus sequence of the c-abl polypeptide has
been replaced by the bcr-coded sequences.
Clinical and experimental evidence supports
the crucial role of p210 in determining and sus-
taining CML.3

Normal and clonal hematopoiesis coexist in CML
A prominent feature of CML is that the muta-

genic event leading to bcr/abl rearrangement
spares some normal hematopoiesis. The persis-
tence of normal, Ph1-negative and non clonal
hematopoiesis was first demonstrated by the
Vancouver group in studies evidencing a pro-
gressive exhaustion of clonal Ph1

+ hematopoietic
progenitors maintained under long-term cul-
ture,4,5 and was supported by more recent studies
that indicate a marked prevalence of normal
progenitors within the putative hematopoietic
stem cell compartment, which is functionally
characterized by its ability to sustain prolonged
hematopoiesis under long-term culture system
(LTC-IC) and phenotypically identified as
CD34+/CD33–/HLA-DR/low rhodamine express-
ing.6,7

One unanswered question is whether the size
of normal hematopoiesis is maintained over the
course of the disease. This question is not just
speculative, but has clinical implications. In fact,
since at the moment autotransplant of
CD34+/LTC-IC selected progenitors seems to be
a promising approach for curing CML patients
who lack a sibling bone marrow donor, the pro-
gressive decrease in the size of Ph1- hemato-
poiesis, which may parallel disease progression,
restricts autologous bone marrow transplanta-
tion (ABMT) to an early stage of the disease.
However, in our experience and that of other
groups, some normal hematopoiesis is still pre-
sent in the terminal phase of CML.8

A second question concerns the transcription-
al silence of the bcr/abl chimera: is it associated
with cell quiescence and is whether eventually
reverted by proliferation and differentiation
along the myeloid pathway.9-12 Combined analy-
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sis of the level of bcr/abl rearrangement, tran-
scription and product within selected progeni-
tor cell compartments is required for proper
identification and quantitation of real normal
hematopoiesis, in order to validate any strategy
for either CML bone marrow harvest purging
or in vitro expansion of early progenitors
intended for ABMT.

Regarding the pathogenesis and progression
of CML, the basic question is: Why, given the
coexistence of normal and clonal hematopoiesis
at a very early stage of commitment still possess-
ing self-renewal, does the natural history of the
disease see the expansion of the clonal Ph1+
hematopoiesis over the normal one? The most
likely answer resides in p210 bcr/abl-mediated
release of CML hematopoiesis from regulatory
controls on proliferative activity, which lets
clonal progenitors take the first step toward
leukemic transformation. Since the loss of con-
trol of proliferation in CML progenitors is asso-
ciated with additional events (extension of cell
survival, priority of replicative over restraining
pathways and/or inactivation of tumor suppres-
sor genes) which themselves harbor genetic
instability potential, the final result will be the
inevitable onset of more transforming genetic
mutation(s) and the emergence of more aggres-
sive clone(s).

In the present review we will briefly summa-
rize the biomolecular events associated with
p210 bcr/abl expression in order to define the
role it plays in both the pathogenesis and pro-
gression of CML.

P210 bcr/abl has multiple effects on signal
transduction

P210 bcr/abl has intrinsic tyrosine kinase
activity, which leads to constitutive phosphory-
lation on tyrosine of the intracytoplasmic sub-
strate proteins necessary for the transduction of
mitogenic signals.13 Part of the proteins consti-
tutively phosphorylated by p210 are also evoked
in response to IL-3.14,15 The partial convergence
of potential substrates for p210 bcr/abl and IL-3
may contribute to the exaggerated proliferative
response of CML progenitors to growth factors
in vitro.16

The oncogenic potential of the chimera prod-
uct, which overall results in an upregulation of
its tyrosine kinase activity, was first attributed to
the abl section because of its stringent similarity
in both structure and functional activity with
the gag-abl fusion product of the Abelson
murine leukemia virus (AMuLV).17 More recent-
ly, a great deal of interest has been directed
towards bcr, how stable interaction with abl
might perturb both its own and abl normal
functioning and get involved in cell transforma-
tion. The bcr contribution to p210 bcr/abl onco-
genic potential is due to the kinase activity of
the product of its first large exon, the gene sec-
tion shared by the two alternative products of
the chimera.18

Besides its ability to autonomously trigger the
mitogenic signal, p210 bcr/abl elicits its biologi-
cal effects by interacting with other signal trans-
duction pathways. Actually, the matter of sub-
strates for p210 kinase activity is quite far from
being a clear framework and shows a great deal
of redundancy, whose functional relevance is
still obscure.

The most prominent result of both bcr and
abl kinase activity is the switching on of the Ras-
signalling pathway, which in turn provides
active GTP-bound forms of Ras proteins access
to cortical cytoskeleton components, in particu-
lar to actin filaments.19 As a final consequence,
the activation of the ras pathway relieves clonal
progenitors of the need for growth factor ligand
to cognate receptors and contact-mediated
events for transduction of the mitogenic signal.

Constitutive p210 bcr/abl signal transduction
is further provided by the serine-threone kinase
activity of the bcr product21 and by heavy phos-
phorylation of the p41 (p39) CRKL product, the
specific ligand binding for c-abl.22,23 Alternatively,
since CRKL can be envisioned as a candidate for
differentiative functions and since in normal
hematopoietic progenitors it is present only in
the non-phosphorylated form, its phosphoryla-
tion by p210 could possibly result in a loss of
function and account for the accumulation of
myeloid progenitors located at an intermediate
level of differentiation in CML chronic phase.

Additional targets for p210 bcr/abl kinase
activity are the src-related tyrosine kinases
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p53/p56 (the protein tyrosine kinases associated
with the cytosolic domains of CD4 and CD8 T
antigens),24 the p145 c-kit receptor tyrosine
kinase,25 the cell-lineage specific tyrosine kinase
p93 c-fes,26 the proteins of the 14-3-3 family,27,28

the p95 product of the vav protoncogene,29 the
Jak tyrosine kinase family,29 the p85a subunit of
phosphatidiylinositol-3-kinase,30 and the focal
adhesion phosphotyrosine paxillin.31 Finally, the
transactivation of early nuclear events c-fos and
c-jun by some p210 activated pathways, includ-
ing p21 ras, MAP-2 and p70 raf-1,32 further con-
tributes to the withdrawal of clonal hemato-
poietic progenitors from proliferation control.

p210 bcr/abl affects adhesive properties of
clonal hematopoiesis

The second distinctive feature induced in
CML progenitors by p210 expression is a
change in their adhesion properties. Since
adhesive ligands represent a tool for extensive
cross talk between cells and keep a large number
of cell functions (such as gene expression, cell
growth and differentiation, cytoskeletal struc-
ture, cell-mediated immunity, etc) under con-
trol, altered adhesion of CML hematopoiesis
has multiple consequences.

Part of the adhesive defect of CML hemato-
poiesis is mediated through abnormalities of
phosphatidylinositol (PI)-linked surface recep-
tors, which are involved in both reduced adhe-
sion of CML progenitors to the bone marrow
stromal compartment, the hematopoietic
microenvironment,33 and decreased expression
of ectoenzyme leukocyte alkaline phosphatase.34

In particular, deficient expression of one PI-
linked cell surface cytoadhesion molecule, lym-
phocyte-associated antigen three (LFA 3), has
been associated with abrogation of the
immune-mediated control on the size of the
Ph1

+ cell clone (for details see the section dedi-
cated to the immunologic surveillance of CML
hematopoiesis).

The most relevant consequences of changes in
the adhesion properties of CML hematopoiesis,
however, arise from muddled interactions of
Ph1

+ progenitors with the hematopoietic micro-
environment. Adhesion to specific cellular and

extracellular components of the bone marrow
microenvironment is the main way for ordered
progression of hematopoiesis; it provides stem
cell protection for the most primitive progeni-
tors, allows migration of already committed
progenitors to specific sites of differentiation
and, as a final step, it regulates the traffic
through the endothelial walls and the release
into the bloodstream of mature elements. The
whole process requires multiple and discrete
recognition events and is  properly regulated in
a cell type- and shape-specific fashion. 

Adhesion of the putative hematopoietic stem
cell, phenotypically recognized as CD34+/CD33–/
HLA-DR–, to special niches within the bone mar-
row microenvironment is functional to restric-
tion of its proliferative activity.35 The adhesive
interaction required at such a very early stage of
hematopoiesis results from the ligand of b1 inte-
grins VLA-4 and VLA-5, the homing lympho-
cyte receptor (CD44) and the cell surface proteo-
glycan receptor with distinct functional domains
of fibronectin (one component of the hemato-
poietic microenvironment extracellular matrix):
75 Kd RGDS-containing fragment and the 33/66
Kd heparin-binding C-terminal.3 6 Hema-
topoietic inhibitory factors MIP-1a and TGF-b
have been proposed as soluble messengers
involved in contact-mediated inhibitory effects
on cell proliferation.

The intrinsic defect in adhesion to the bone
marrow microenvironment of CML hemato-
poietic progenitors, first described by Gordon
et al.,37 is indeed due to their reduced ability to
adhere to both intact fibronectin and its 75 Kd
or 33/66 Kd fragments.36 As a first consequence,
impaired adhesion to the stromal microenvi-
ronment allows CML progenitors to cycle con-
tinuously, independently of physiological stim-
uli that induce cell cycle arrest on the normal
counterpart.38 The biochemical events underly-
ing the adhesive defect of Ph1

+ progenitors have
not been identified. They are not sustained by
defective expression of cell surface adhesive
receptors and have been tentatively ascribed to
a non functional state of cell receptors or, alter-
natively, to lack of additional cell surface recep-
tors whose cooperation is required for activa-
tion of integrin-mediated adhesion.
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The other distinctive change in the adhesion
properties of Ph1

+ progenitors results from
increased expression of the a2- and a6-b1 inte-
grin receptors VLA-2 and VLA-6, the ligands for
collagen type IV and laminin.39 Since both pro-
teins are almost exclusively distributed in the
basement membranes, this adhesive defect
might account for CML progenitor ability to
penetrate the subendothelial basement mem-
brane and egress from bone marrow before
completion of the maturation process, as well as
for illegitimate colonization of non-hematopoi-
etic tissues, in particular the spleen and liver.

p210 bcr/abl expands life expectancy of CML
progenitors

The expression of p210 bcr/abl prolongs cell
survival by inhibiting apoptotic cell death.40,41

Since the rate of cell accumulation, a critical
step for control of the proper size of any tissue,
results from a balance between the rate of cell
proliferation and the rate of cell death, the p210
bcr/abl-induced loss of control on cell life
expectancy is a further cause of the abnormal
expansion of clonal Ph1

+ over normal hemato-
poiesis. In that sense, p210 bcr/abl shares simi-
larities with the bcl-2 deregulated activation
that results from a t(14;18) chromosomal trans-
location associated with low-grade follicular
non-Hodgkin’s lymphoma.

Actually, abnormal prolongation of cell sur-
vival is a rather common pathway of neoplastic
progression since it contributes to increasing
additional genetic alterations and favors the
emergence of more aggressive molecular clones.

Is there a role for hematopoietic microenviron-
ment in the pathogenesis and progression of CML?

The bone marrow microenvironment is a
complex system. It consists of a variety of cell
types, including cells of mesenchymal and
hematopoietic origin, and of extracellular
matrix (ECM) components. Cellular and extra-
cellular components together provide a definite
architecture, intended to deliver the proper
messages (growth or inhibitory factors, mostly
bound to the ECM) to the right cells.

Whether and how the hematopoietic micro-
environment contributes to the deregulation of
CML hematopoiesis has been, and still is, a con-
troversial issue. To date, cells of mesenchymal
origin (i.e. stromal fibroblasts and adipocytes)
do not seem leukemic in nature since they lack
both the Ph1 chromosome and bcr/abl rear-
rangement, whereas cells of hematopoietic ori-
gin (i.e stromal macrophages) are malignant.42-44

Moreover, the bone marrow stromal compart-
ment produces normal levels of soluble mes-
sages and adhesive molecules, which overall
seem to functon properly45 (and Santucci, un-
published data); however, some evidence sup-
ports a failure in this functioning, possibly
involved in the selective growth advantage for
the malignant clone. First, the CML hematopoi-
etic microenvironment has a reduced ability to
support the growth of early normal hematopoi-
etic progenitors44 since the soluble isoform of
stem cell factor is probably involved in favoring
clonal versus normal progenitors.46 In addition,
IFN-a, the only agent capable of controlling the
expansion of clonal hematopoiesis, does not
affect the intrinsic adhesion properties of CML
progenitors but rather interacts with the bone
marrow microenvironment, by restoring stro-
mal-mediated adhesion of early hematopoietic
progenitors. Adhesive interactions restored by
IFN-a have been identified by Dowding et al. in
neuraminic acid (sialic acid), a negatively
charged non-reducing salt,47 by Verfaille et al. in
the upregulation of a4- and a5-b1 integrin
receptors, associated with the reinduction of
TGF-b and MIP1-a activity,48,49 and by Santucci
et al. in reinduced expression of a1- and a3-b1
integrin receptors on the bone marrow stromal
fibroblast surface.5 0 Identification of the
hematopoietic microenvironment as the alter-
native target for IFN-a activity in CML further
supports some role for this compartment in the
pathogenesis of CML.

Increased production of IL-1b by mononu-
clear Ph1

+ cells associated with IFN-a resistance
(likely an advanced stage of the disease), IL-1b-
induced expression of IL-1b, IL-6 and GM-CSF
gene expression, IL-1b-induced increase of LIF
gene expression, as well as IFN-a ability to
reduce IL-1b synthesis51,52 are all elements sup-
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porting the view that the induction of a para-
crine loop is a critical step for progression of
the disease. 

Immunologic tolerance of p210 bcr/abl
rearranged progenitors favors the expansion of
clonal hematopoiesis

Clinical outcomes of T-depleted bone mar-
row transplantation (BMT) and recent evidence
of reinduction by donor T cells of durable com-
plete remission after relapse following BMT53

suggest that an immune response to CML may
occur and offer a hope of developing therapeu-
tic vaccine strategies.

Like many other proteins expressed by altered
cancer related genes, the p210 product of the
bcr/abl rearranged gene is a potential T cell tar-
get. In general, T cells do not recognize intact
proteins, but rather short peptide fragments (8-
12 amino acids in length) from intact proteins
processed intracellulary and presented at the
cleft of major histocompatibility complex
(MHC)-encoded molecules. A 12 amino acid
residue from the p210 bcr/abl joining region,
composed of 6 bcr, one fusion and 5 abl amino
acids of the a2b3 rearrangement product, can
be processed by the antigen-presenting cells
(APCs). As a consequence, the segment of the
joining region, which has a proper molecular
configuration, binds the cleft of class II MHC
molecules and reaches sufficient concentration
to elicit T cell stimulation.54 Given this experi-
mental basis in CML, the adoptive transfer of
immuno-tumor antigens specific for CD4+

(capable of evoking APC expression of class II
MHC molecules) or CD8+ (capable of evoking
class I MHC-restricted catalytic responses) T
cells seems feasible. 

Another mechanism for immune-mediated
control of Ph1

+ clonal hematopoiesis is possibly
related to the HLA class I phenotype. The
fusion region-processed peptide presented at
the T-cell receptor by HLA class I molecules
might be potentially recognized as a non-self
sequence.55

Efforts to correlate the degree of immune-
mediated susceptibility of CML hematopoiesis
in association with either fusion sequence

(a2/b2 or a2/b3), with any HLA class I allele
(HLA-A or HLA-B) have been unsuccessful.56

However, since the enhancement of the immune
response related to increased HLA class I expres-
sion is among the beneficial effects of IFN-a
treatment in CML, the relationship between
clinical outcome of IFN-a therapy and HLA
phenotype still represents a matter of investiga-
tion and could possibly provide a key for under-
standing the mechanisms involved in immune
mediated control of the disease.

The immunotolerance of the Ph1
+ clone also

arises from deficient LFA3-mediated adhesion
of CML progenitors to immunocompetent
cells. LFA3 (identified by the monoclonal anti-
body CD58) is a widely expressed cell surface
protein whose only known function is as the
binding ligand for the T-cell surface protein CD
2. CD2/ LFA3 adhesive interaction in a subset
of human T cells and early (CD34+) hematopoi-
etic progenitors plays a role in controlling the
size of the actively cycling stem cell pool.33 LFA
3-deficient expression is thus an additional way
for CML hematopoiesis to escape growth regu-
lation and to enlarge illegitimately.

Conclusions
We have seen that multiple biomolecular

events are associated with p210 bcr/abl expres-
sion. Taken together, they are more than suffi-
cient to induce and sustain expansion of clonal
Ph1

+ hematopoiesis. Yet, the chronic phase of
CML is not a leukemia: in fact, it does possess
the basic traits of complete neoplastic transfor-
mation, i.e. fully transformed phenotype and
serial transplantability in animal recipients, two
features achieved by terminal phase
hematopoiesis of the disease (blast crisis).57-59

The theoretical model of the multistep patho-
genesis of cancer postulates that multiple genet-
ic alterations are required to attain complete
malignant transformation, but the first essential
step is the initiation of deregulated proliferation.
Accordingly, p210 bcr/abl expression, the molec-
ular marker of chronic phase of CML, is associ-
ated with illegitimate expansion of myelo-
poiesis, and additional cytogenetic and/or mole-
cular aberrations become apparent as the dis-
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ease progresses to blast crisis, where it is associ-
ated with a fully transformed phenotype.

The transition from chronic phase to blast cri-
sis would require that the additional mutagenic
event(s) occurs(s) not just in any clonal hema-
topoietic progenitor, but rather in a very early
progenitor endowed with sufficient self-renewal
to sustain the expansion of a fully transformed
clone over the chronic phase one. The long
interval elapsing from p210 bcr/abl-induced
deregulation of proliferation to the  appearance
of fully transformed clone(s) might result from
successive waves of molecular aberrations (as in
colorectal tumors), or could rather depend on
the relative scarcity of preleukemic/initiated
hematopoietic stem cells.60-61 Actually, there is
evidence in favor of both hypotheses. The clini-
cal outcome of IFN-a therapy, which correlates
IFN-a unresponsiveness with more aggressive
disease, supports the importance of the cumula-
tive number of additional genetic alterations for
progression of the disease. On the other hand,
the significant reduction in the size of clonal
rearranged hematopoiesis present at the onset of
blast crisis following a complete or major IFN-a
response,62 as well as the observation that mini-
mal persistence of clonal rearranged progenitors
following allogeneic BMT does not predict dis-
ease relapse63 would seem to be consistent with
the theory that the fewer the number of
rearranged hematopoietic progenitor cells, the
lower the probability of accumulating additional
genetic mutations at an early stage.

One final consideration concerns the
ineluctability of the transition of CML from the
indolent chronic phase to a real leukemia.
Whatever the sequence of biomolecular events,
there is most likely a least common denomina-
tor between the p210 bcr/abl-mediated pathways
that sustain the pathogenesis and the progres-
sion of CML. Deregulated proliferation takes
place at expense of the cell cycle quiescence
phase (G0-G1) and probably involves abroga-
tion of control over the progression from G1 to
S phase (G1/S checkpoint). The relevance of the
G1/S checkpoint recently came into the lime-
light as being critical in both the pathogenesis
and the progression of cancer.64 In functional
terms, it represents an overlapping section of

pathways controlling cell proliferation and DNA
repair. Accordingly, in CML p210-associated
abrogation of control over cell cycle progression
has two major consequences. First, a loss of con-
trol over the size of clonal hematopoiesis, which
expands illegitimately over the residual normal
one; second, a loss of control over the quality of
replicated DNA. The former plays a role in the
pathogenesis of CML and the latter is critical for
progression to blast crisis by favoring propaga-
tion of additional genetic errors.
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MOLECULAR EVENTS IN CML PROGRESSION
A. Serra, A. Iolascon,° E. Gottardi, A. Guerrasio, G. Rege
Cambrin, G. Gaidano, G. Saglio
Laboratorio di Medicina e Oncologia Molecolare, Diparti-
mento Scienze Biomediche e Oncologia Umana dell’Uni-
versità di Torino, Ospedale San Luigi Gonzaga, Orbassano,
Torino; °Dipartimento di Biomedicina dell’Età Evolutiva,
Clinica Pediatrica I, Università di Bari; Italy 

Progression toward an acute leukemic phenotype is
almost the rule in Ph+ CML, whereas it is present in about
15-20% of PV, MF and ET patients. No common molecu-
lar mechanism responsible for this acute transformation
has been detected so far in either Ph-positive or Ph-nega-
tive chronic myeloproliferative disorders (CMD). In the
past we had looked for structural alteration of p53 and Ras
genes in a large series of Ph-positive and Ph-negative
CMDs analyzed in different phases of their disease, the
results showed that p53 and Ras gene mutations signifi-
cantly correlate with the progression of the disease only in
Ph-negative myeloproliferative disorders, but not in CML.
Since homozygous deletion of the cyclin-dependent kinase
4 inhibitor gene (CDk4i), a putative tumor suppressor
gene located on chromosome 9p21, represents a very com-
mon genetic event in human cancer, we decided to investi-
gate whether the occurrence of similar deletions could pos-
sibly be one of the mechanisms underlying the disease pro-
gression in PH-positive CML. Whereas none of the 22
chronic phases examined presented alterations, we found
that 3 of 17 total blast crises (18%) showed homozygous
deletion of the CDK4i gene. The deletions were restricted
to cases of lymphoid blast crisis; they were present in 3 of 8
(40%) of the lymphoid and in none of the 9 myeloid cases
examined. The fact that the chronic phase DNA obtained
at diagnosis in one of these cases lacks the homozygous
deletion observed in blast crisis suggests that the final dele-
tion event took place in concomitance with the progres-
sion of the disease. Finally, analysis of polymorphic regions
on chromosome 9p21 flanking the CDK41 gene on both
sides showed that the deletions at 9p21 differ from case to
case and are characterized by a wide range of extensions. A
concomitant search for possible involvement of the p53
tumor suppressor gene in the same series of patients
revealed mutations of the gene and loss of heterozygosity
at 17p only in myeloid blast crisis, suggesting the presence
of distinct molecular pathways in the pathogenesis of lym-
phoid and myeloid blast crisis. 

SOME BCR-ABL JUNCTION SEQUENCE PEPTIDES OF THE
PHILADELPHIA CHROMOSOME ARE BOUND BY HLA-A3 MOLE-
CULES

G. Greco, D. Fruci, R. Butler, N. Tanigaki, R. Tosi 
Department of Immunobiology, Institute of Cell Biology,
CNR, Rome, Italy

Among the peptides that may possibly be generated by
the processing of the bcr-abl gene product, those corre-
sponding to the junction region represent a potential tar-
get for an immune response since they differ for 1 to 5
amino acids from the normal (self) sequences. However, a
necessary requirement for being the targets of a cytotoxic
response is their ability to bind to HLA class I molecules
with sufficient affinity. In view of the possible utilization
of these peptides in CML therapy, we tested the HLA
binding activity of Philadelphia junction peptides. In
CML two types of bcr-abl fusions exist: b2-a2 and b3-a2.
To each of them corresponds a series of 9 nonamers dif-
fering for at least one amino acid from the native bcr or
abl sequences. We synthesized the 18 peptides and tested
them for binding to HLA class I molecules from 14 HLA
homozygous cell lines by the alpha chain refolding assay.
Relatively high affinity binding was found for two b3-a2
peptides with the HLA-A3 allele product. These two pep-
tides, with the sequences ATGFKQSSK and KQSSKALQR,
can be considered for attempts at eliciting a CD8+ cytotox-
ic response in HLA-A3 CML patients with the b3-a2
fusion. The frequency of these patients can be estimated
around 10%. 

CLONAL AND NON CLONAL HEMATOPOIESIS IN CHRONIC
MYELOGENOUS LEUKEMIA
C. Carlo Stella, G. Dotti, D. Garau, E. Regazzi, L. Man-
goni, V. Rizzoli
Department of Hematology, University of Parma, Italy

Chronic myelogenous leukemia (CML) is a clonal
myeloproliferative disorder arising at the level of the
pluripotent hematopoietic stem cell. Tha hallmark of the
disease is the Philadelphia (Ph) chormosome, which
results from the rearrangement of the bcr and abl genes.
Clinical and experimental evidence suggests that normal
hematopoietic stem cells may be present within CML
marrow. The availability of culture techniques for assaying
progenitor cells at different ontogenetic stages, and cyto-
genetic as well as molecular techniques for detecting the
Ph chromosome allow quantitative evaluation of the rela-
tionships between clonal and non clonal progenitors in
CML marrow. It was that aim of the present study to
investigate the cytogenetic status of the progenitor cells
generated by the mononuclear (MNC) and CD34+ cell
fractions. Both MNC- and CD34+-derived progenitors
were further fractionated according to their sensitivity to
mafosfamide (Mafo) and their capacity for stromal adher-
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ence (Stro+). Individual progenitors were analyzed by sin-
gle colony karyotyping. Stromal-adherent cells were iso-
lated by incubating MNC or CD34+ cells for 2 hours on
confluent allogeneic stromal layers. CD34+ cells were iso-
lated through an immunoadsorption technique. Twenty
patients were analyzed for MNC-derived progenitors, and
ten patients for CD34+-derived progenitors. The results,
expressed as mean (±SEM) percentage of Ph-neg progeni-
tors, are shown in the table:

Progenitor Ph-neg p Progenitor Ph-neg p
cell type (%) cell type (%)

1. MNC 15±5 1. CD34+ 22±10
2. MNC/Mafo 25±7 <.025 vs 1 2. CD34+/Mafo 46±18 <.05 vs 1
3. Stro+ 35±6 <.05 vs 1.2 3. CD34+/Stro+ 38±14 <.025 vs 1
4. Stro+±/Mafo 58±9 <.005 vs 1 4. CD34+/Stro+/Mafo 56±18 <.37 vs 2

A significant increase of Ph-neg clones could be
obtained by combining CD34 selection with either stro-
mal-adherence or mafosfamide incubation. Enrichment of
Ph-neg progenitors by CD34 selection plus mafosfamide
incubation was not significantly improved by stromal-
adherence. Based on these data, it is concluded that cur-
rently available cell culture techniques associated with
chromosomal or molecular analysis allow quantitative
investigation of progenitor cell compartments in CML
patients. These studies may have physiopathological and
therapeutic relevance.

EVALUATION OF PH-NEGATIVE HEMATOPOIESIS IN
PATIENTS WITH CHRONIC MYELOID LEUKEMIA. ANALYSIS
OF LTC-LCS AND CLONOGENIC CELLS REGENERATING
AFTER CHEMOTHERAPY AND COLLECTED IN PERIPHERAL
BLOOD. INDICATIONS FOR AN APPROACH AT DIAGNOSIS
AND IMPROVED PERSPECTIVES FOR AUTOGRAFTING
M. Podestà, G. Piaggio, A. Pitto, F. Benvenuto, M. Sessa-
rego, A.M. Carella, F. Frassoni
Dipartimento di Ematologia, DIMI Università di Genova,
Ospedale San Martino, Genova, Italy

Interactions between normal and leukemic cells and, in
particular, the suppression of normal hemopoiesis appar-
ently associated with expansion of the leukemic cells is an
unresolved issue in leukemia. Moreover, it is unclear
whether the persistence of suppression leads to the
exhaustion of the suppressed population. We show here
that chronic myeloid leukemia (CML) patients at diagno-
sis have a substantial hemopoietic reservoir that seems to
undergo progressive exhaustion in relation to the dura-
tion of the disease. We analyzed 42 patients with CML: 9
at diagnosis and 33 more than 12 moths after diagnosis.
All patients were treated with ICE: idarubicin+cytara-
bine+etoposide. G-CSF (5-10 ug/kg) was given from day
+8 after ICE. We evaluated the parameters reported in the
table and compared them with collections obtained from
peripheral blood from normal donors (NPBC) after 5
days of G-CSF(5-10 ug/kg). 

Pts Interval MNC CD34+DR– GM-CFC LTC-IC
Dg-Mob 108/kg 106/kg 104/kg 102/kg

CP(33) 20 (4-65) 3.58 (0.8-9.4) 0.5 (.01-3.3) 0.5 (0-39) 0 (0-57)
(>1 yr) p=10–4 p=0.04 p=10–4 p=10–4 p=0.1

Diagnosis
CP (9) 2 (1-3) 5.5 (3.7-6.97) 2.32 (0.27-13) 22.6 (1-79.4) 19 (0-697)

p=0.02 p=0.4 p=0.5 p=0.07

NPSC(8) — 12.8 (8.3-15.3) 3 (0.1-11.9) 27.7 (3.6-134) 535 (85-1559)

The results show: 1) significant differences between col-
lections at diagnosis versus >1 yr; 2) collections of Ph-
negative cells at diagnosis can almost reach the same range
as that of normal donors; 3) normal Ph-negative hemo-
poiesis is progressively reduced during the course of the
disease. In conclusion, mobilization at diagnosis seems the
most profitable for collection and manipulation of Ph
negative cells in view of autografting. 

Evaluation of normal hematopoiesis is measured by the
ability of normal cells to regenerate faster than leukemic
cells after chemotherapy. This, in our opinion, is a more
profitable method for collecting Ph-ve cells than sorting
them from CML steady state bone marrow. 

In fact, patients at diagnosis can be divided in two
groups: 1) those who show persistence of normal
hematopoiesis in their marrow, and 2) those in whom
normal hematopoiesis is not detected. In the some of the
latter, but not in all, an overshoot of normal hemato-
poiesis following chemotherapy can be obtained and
exploited. 

PROLIFERATIVE AND INHIBITORY FACTORS IN CHRONIC MYELOGE-
NOUS LEUKEMIA 
R.M. Lemoli, M. Fogli, M. Amabile, A. Fortuna, G.
Martinelli, M.A. Santucci, S. Tura 
Istituto di Ematologia Seràgnoli,Università di Bologna, Italy 

Normal and clonal hematopoietic progenitor cells were
demonstrated to coexist in CML and recent studies have
shown that expansion of the leukemic clone occurs at the
level of intermediate-late precursors, whereas residual
normal cells reside within the CD34+DR-lin– cell compart-
ment. In this study, CD34+ cells and more immature
CD34+DR-lin– cells were highly purified from the bone
marrow (BM) of CML patients at diagnosis. Primitive
hematopoietic progenitor cells were tested for their colony
forming ability in response to early and intermediate-late
colony stimulating factors (CSFs), and the presence of the
BCR-ABL transcript in individually plucked colonies was
detected by nested RT-PCR. Molecular analysis revealed
that 64.5±16% of CD34+ cells and 46.5± 9% of earlier pre-
cursors did not express the BCR-ABL transcript (p < 0.05).
Clonogenic assays demonstrated a remarkable prolifera-
tion of CML cells in the presence of SCF, IL-11, IL-3, GM-
CSF and EPO. Specifically, SCF and EPO stimulated
135±31% of CFU-C derived from CD34+DR– lin- cells
generated by PHA-LCM. Conversely, optimal stimulation
of normal primitive precursors required co-incubation
with 3 or more CSFs. Moreover, SCF and IL-3 induced
selective survival and expansion of residual normal
hematopoietic cells in long-term cultures of CML mar-
row. Parallel in vitro studies were performed to evaluate
the inhibitory activity of transforming growth factor-b3
(TGF-b3) on normal and leukemic CD34+ cells and
CD34+DR–lin– cells. 

Our results showed a higher degree of colony-stimulat-
ing activity inhibition of leukemic cells than that exerted
by TGF-b3 on their normal counterparts. In contrast to
benign progenitor cells, the inhibitory activity of TGF-b3
on CML cells was not counteracted by the early-acting
CSFs IL-11 and SCF. Experiments carried out using
murine (32D) and human (MO7e) CSF-dependent cell
lines and their subclones made CSF-independent by
transfection of the BCR-ABL sequence indicated that the
differences in responsiveness to TGF-b3 are directly relat-
ed to BCR ABL expression. Further investigations on cell
cycle distribution of CML cells and mRNA expression of
selected CSF receptors are currently underway to elucidate
the role of TGF-b3 in the inhibition of leukemic develop-
ment. 
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PERSISTENCE OF NON CLONAL HEMATOPOIETIC PROGENITOR
CELLS IN BLASTIC PHASE CHRONIC MYELOGENOUS LEUKEMIA 
P. Farabegoli, R.M. Lemoli, G. Martinelli, A. Zaccaria, N.
Testoni, M. Buzzi, M. Fogli, G. Visani, P. Tosi, M.R.
Motta, S. Rizzi, A. Fortuna, M. Amabile, S.Tura 
Institute of Hematology “L.e A. Seragnoli”, University of
Bologna, Italy

Normal and clonal hematopoietic progenitor cells have
been demonstrated to coexist in chronic phase chronic
myelogenous leukemia (CML), but few data are available
on the presence of non neoplastic hematopoiesis during
the blastic transformation phase. We used reverse tran-
scription-polymerase chain reaction (RT-PCR) to investi-
gate expression of the bcr-abl transcript of individual
hematopoietic progenitors in a CML patient in blastic
phase. We showed that non clonal hematopoiesis is
induced to re-emerge by conventional chemotherapy that
includes fludarabine. In addition, we confirmed that some
pluripotent CD34+/CD33–/DR– cells circulating in the
peripheral blood are non clonal. 

Our data provide an encouraging basis for further stud-
ies addressing the issue of in vitro purification of normal
hematopoietic stem cells in advanced-stage CML and their
use in the setting of autologous bone marrow transplanta-
tion. 

This work was supported by Associazione Italiana per la Ricerca sul
Cancro (A.I.R.C.), by C.N.R. A.C.R.O. n. 93.02257.PF39 and by
“Determinazione del trascritto bcr-abl tramite elettroforesi capil-
lare” target projects. 

THE EXPRESSION OF LEUKEMIA INHIBITORY FACTOR GENE mRNA
IN CHRONIC MYELOID LEUKEMIA
A. Tabilio, F. Falcinelli, F. Falzetti, M.F. Martelli
Department of Clinical Medicine, Pathology and Pharma-
cology, Hematology and Clinical Immunology Section,
University of Perugia, Italy

Human interleukin for DA1a (HILDA)-leukemia
inhibitory factor (LIF) (LIF-HILDA) is a cytokine able to
induce differentiation along the macrophage pathway in
the murine M1 cell line by suppressing proliferation. In
addition, it  promotes growth of the murine DA1a cell line
and inhibits spontaneous in vitro differentiation of embry-
onal mouse stem cells (ES). 

We examined the structure of the gene that encodes the
LIF/HILDA cytokine in 55 cases of chronic myeloid
leukemia by Southern blotting and demonstrated the char-
acteristic germline configuration in both Philadelphia
chromosome negative and positive cases.

Examination of mRNA expression of LIF/HILDA in the
55 cases (19 in chronic phase, 36 in blast crisis) revealed
that the percentage of positive cases rose from 31% in the
chronic phase patients to 92% of those in blast crisis.
Polymerase chain reaction (PCR) analysis of the Northern
blot negative cases, both chronic phase and blast crisis,
mainly confirmed the Northern blotting results and
increased the positive cases only slightly. 

Detailed immunological phenotyping of the blast crisis
patients failed to reveal any differences in LIF/HILDA
mRNA expression between the myeloid and the lymphoid
phenotype cases. Since this cytokine blocks differentiation
in some cell systems and stimulates proliferation in others,
it could favor the evolution of chronic myeloid leukemia
from chronic phase to blast crisis by blocking differentia-
tion of pluripotent stem cells, while, at the same time,
stimulating their proliferation. 

CONSTITUTIVE EXPRESSION OF IL-1b, M-CSF AND c-fms DURING
THE MYELOID BLASTIC PHASE OF CHRONIC MYELOGENOUS
LEUKEMIA 
G. Specchia, S. Bettoni,* T. Barbui,* A. Rambaldi,* G.
Palumbo, D. Mininni, V. Liso 
Hematology, University of Bari; *Division of Hematology,
Ospedali Riuniti Bergamo, Italy

Non random additional chromosome abnormalities
occur in over 80% of patients during the myeloid blast
crisis (BC) of chronic myelogenous leukemia (CML).
However, these cytogenetic changes have been reported to
precede the clinical signs of CML-BC by several months to
years, suggesting that other biological events may partici-
pate in the multistep process of acute CML transforma-
tion. Autocrine production of growth factors has recently
been shown to occur in several hematological malignan-
cies and, in particular, in acute myeloblastic leukemia
(AML). 

We evaluated 13 adult patients with CML in myeloid
blast crisis. At the time of the study all patients had >50%
blast cells in both the peripheral blood and bone marrow
with morphological and immunological characteristics of
myeloid blasts. 

We demonstrated that the IL-1 gene is expressed in
almost all cases of CML in myeloid blast crisis. The secre-
tion of IL-1 from CML blasts in culture supernatants was
confirmed in all patients. A high proportion of cases
showed constitutive expression of the M-CSF gene, and
many of the same patients often had simultaneous coex-
pression of the proto-oncogene c-fms, which encodes for
the M-CSF receptor. After exposure of leukemic cells to
phorbol myristate acetate (PMA), release of M-CSF pro-
tein was documented in three of five patients studied. No
significant interleukin-3 (IL-3), granulocyte-macrophage
colony-stimulating factor (GM-CSF) or granulocyte
colony-stimulating factors (G-CSF) were detected in these
patients, indicating that different growth factor secretion
patterns exist in AML and CML, where distinct molecular
events are probably involved in the control of leukemic
proliferation. The simultaneous production of active
cytokines such as M-CSF and IL-1 is a common finding
during the terminal phase of CML, even though an actual
role for them in the differentiation and progression of
CML remains to be proven. Nonetheless, it is likely that
these pleiotropic molecules can determine several aspects
of the biology and clinical behavior of this disease. 

BCR-ABL ANTISENSE OLIGONUCLEOTIDES: ADVANCES IN THE
TREATMENT OF CML CELLS
R. Sala, M.S. De Propris, A. Lisci, E. Montefusco, P. de
Fabritiis
Hematology, University “La Sapienza”, Rome, Italy

The evidence that the Philadelphia chromosome prod-
uct p210 plays a critical role in the pathogenesis of chronic
myeloid leukemia (CML), and the absence of the bcr-abl
gene transcript in non-malignant cells make this messen-
ger RNA (m-RNA) an ideal target for antisense strategy.
The most effective antileukemic activity has been reported
using bcr-abl antisense oligodeoxynucleotides (As ODNs)
on CML cell lines and on primary cells from patients in
blastic phase. We studied the effect of 26- and 16-mer
phosphorothioate As ODNs complementary to the bcr-abl
junction on the colony-forming ability of mononuclear
and CD34+ enriched cells from patients with CML in
chronic phase, comparing the sensitivity of mononuclear
cells to that of CD34+ enriched cells. In the 27 cases tested,



an overall recovery of 41.7% clonogenic cells was found
when 26-mer junction-specific As ODNs were tested on
mononuclear cells, confirming the heterogenicity of cell
sensitivity to As ODNs in patients in chronic phase. When
the non-specific effect of As ODNs was evaluated, only
6/27 and 3/11 cases tested with 26-mer As ODNs on
mononuclear cells and on CD34+ cells, respectively,
showed a significantly greater reduction of clonogenic
cells aRer incubation with junction-specific As ODNs
than with junction-non specific As ODNs. However,
when the 16-mer As ODNs were used, 6/16 and 5/6
patients tested on mononuclear and CD34+ cells, respec-
tively, showed specific sensitivity to As ODNs. Down-
regulation of p210 was observed in 3/6 cases tested for
p210 expression, with a good correlation between the As
ODN effect on leukemic colony formation and protein
levels. Five patients in advanced phase of the disease, suit-
able for in vitro treatment with As ODNs, were selected
for a phase-1 autograft trial using bone marrow purged in
vitro. A median of 3.5 (range 1.8-6.7)3109 mononuclear
cells were recovered after Ficoll separation containing a
median of 3.3% (0.7-13) CD34+ cells and 1.03106

(3.83105-2.63107) clonogenic cells. Incubation with junc-
tion-specific As ODNs was prolonged for 24 hours using a
concentration of 150 ug/mL of As ODN in a medium con-
taining 4% autologous serum, IL-3 and GM-CSF. After
incubation, a median of 50% (47-82) mononuclear cells,
59% (23-85) CD34+ cells and 38% (21-66) clonogenic
cells were recovered, respectively. Patients received busul-
phan (16 mg/kg) and VP-16 (40 mg/kg) and were auto-
grafted with the bcr-abl As ODN treated bone marrow
cells. Bone marrow engraftment was observed in all the
cases. Platelets >503109/L were reached in 4 evaluable
cases after a median of 77 days (22-180); neutrophils >
0.53109/L were reached in the 5 patients after a median of
26 days (20-30). The patient autografted in second chron-
ic phase died at day +210 in blastic transformation; the
other 4 patients are in chronic phase after 7-18 months.
These results indicate that incubation with bcr-abl As
ODNs does not affect short- or long-term bone marrow
engraftment and that autograft with ODN-purged BM
cells may prolong the duration of chronic phase in this
high-risk group of patients. 

MOLECULAR MECHANISM OF INTERFERON THERAPY: THE
INDUCTION OF EXPRESSION OF IFN-a RESPONSIVE GENES
G. Martinelli, A. Zaccaria, G. Saglio,* M. Baccarani,° E.
Zuffa, P. Farabegoli, N. Testoni, P. Momigliano Richiardi,#

V. Montefusco, M. Amabile, A. Vittone, M. Arpinati, S.
Tura
Institute of Hematology “L. e A. Seragnoli”, University of
Bologna; *Department of Medical Science and Human
Oncology, University of Turin; °Institute of Hematology,
University of Udine; #Department of Medical Sciences,
University of Turin and Novara; Italy

Interferons (IFN) belong to a large family of naturally
occurring cellular polypeptides that possess antiviral activi-
ty, exert antiproliferative effects on rapidly dividing cells,
and are involved in the modulation of immune responses.
Treatment with a-interferon (a-IFN) adequately controls
the leukemic cell mass in the majority of newly diagnosed
chronic myeloid leukemia (CML) patients. However, the
degree of response ranges from no hematological response
to complete suppression of the leukemic clone. The molec-
ular mechanism(s) by which a-IFN elicits these responses
is presently unknown, but in vitro studies how indicated
that a-IFN might function by a) selective toxicity against
the leukemic clone, or b) enhancement of immune regula-

tion and modulation of bone marrow microenvironmental
regulation of hematopoiesis. As for selective suppression of
the Ph+ clone, the explanation for a-IFN induced suppres-
sion of the Ph done and re-emergence of Ph-negative
hematopoiesis is that cells expressing P210 bcr/abl are
more sensitive to growth inhibition by a-IFN that their
normal counterparts. Molecular events and genetic hetero-
geneity result from the different positions of the break-
point in M-BCR that lead to two types of transcripts, b2-a2
or b3-a2. We analyzed 244 patients affected by CML: the
transcript type was b2-a2 in 44% and b3-a2 in 56% of
cases. We found no differences between the two groups
regarding as a prognostic factors, time to progression to
accelerated or blastic phase, overall survival, or karyotype
response after one year of IFN therapy.1 The molecular
mechanism of this responsiveness is still unknown, but an
immunological effect has been postulated. Depending on
the type of fusion, two different series of non potentially
self-immunogenic peptides may be produced. If they are
detected on leukemic cells by HLA class I molecules
induced by a-IFN (such as Tyk2 ISGF3), they may be rec-
ognized as cytotoxic CD8 lymphocytes. One theory is that
the leukemic cell clones may be protected from host
defenses by a decrease in the expression of those HLA class
I alleles  able to bind specific fusion region peptides. A state
of anergy of specific CML clones can also be hypothesized,
which in turn could depend on the low density of the pep-
tides on the surface of the leukemic cells. If this is the case,
one of the beneficial effects of a-IFN treatment in these
patients may be due to enhancement of the immune
response related to increased HLA class I expression. To
test this point, the frequencies of HLA-A and B alleles were
compared between b2-a2 and b3-a2 transcripts in 135
Italian CML patients.2 These with b2-a2 junctions num-
bered 58, while 77 showed the b3-a2 junction; they were
compared to 1092 normal controls. Out of the 135 CML
patients 51 had an HLA-B35-containing haplotype
(37.8%). This proportion was significantly higher than that
observed in controls (315 out of 1092; 28.8%; p< 0,02).
Twenty-five of the 58 b2-a2 pts carried the B35-containing
haplotype (43%) vs. 26 of the 77 b3-a2 pts (33.8%). The
higher frequency of Italian CML patients with an HLA B35
antigen could support the purported inability of the
immune system to give rise to a T-cell mediated response
and, possibly, to a bcr-abl restricted GVL effect. 
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The occurrence of immune-mediated and unusual
complications was evaluated in 581 patients with
Philadelphia chromosome (Ph)-positive chronic myeloge-
nous leukemia (CML) treated with a-interferon (IFN-a)-
containing regimens at M.D. Anderson Cancer Center.
Well-documented and clinically evident complications
developed in 35 patients (6%) after a median of 14
months of IFN-a treatment. Hypothyroidism developed
in 11 patients (2%) immune mediated hemolysis in seven
(1%) and connective tissue disease in 11 (2%). Other
unusual side effects included congestive heart failure (4
patients), porphyria cutanea tarda (3 patients), membra-
nous glomerulonephritis (1 patient), and vitiligo (1
patient). Interferon treatment was discontinued in 19
patients, and the dose was reduced in five. Ten of 11
patients (91%) with immune-mediated hypothyroidism
and eight of 11 patients (73%) with connective tissue dis-
eases had some degree of cytogenetic response at the time
of the event suggesting a possible relationship between the
way in which IFN suppresses the Ph-positive clone and
induces some of the immune-mediated complications
(IMC). Although the frequency of IMC is low, patients
treated with IFN should be monitored for signs and symp-
toms of autoimmunity. On the basis of these results, we
analyzed 49 CML patients in chronic phase who had
shown different responses to IFN-a treatment, in an
attempt to identify different lymphocyte sub-population
patterns related to different response levels to IFN-a treat-
ment. We found that the absolute number of lymphocytes
was substantially the same in the different groups of
patients. We observed a remarkable rebound of CD3,
CD4, CD8, CD19 absolute number in complete cytoge-
netic response (CCGR) patients after discontinuation of
TFN treatment. Patients in CCGR showed a higher num-
ber of CD56-positive cells than other groups of patients,
but the differences were not statistically significative.
Patients with resistant disease as well as those in partial or
complete hematological remission showed a lower num-
ber of CD19-positive cells than patients in complete, par-
tial or minor cytogenetic response. It is difficult to under-
stand what these small differences mean and we are not
able to interpret these data completely. In conclusion, we
failed to identify a clear pattern of positivity that was spe-
cific for patients who had obtained different levels of
response to IFN treatment. Although we observed no
important changes in the absolute number of cells
expressing CD3, CD4, CD8, CD56 or CD19, we think that
changes might be observed according to function. 

P170 GLYCOPROTEIN EXPRESSION AND IDARUBICIN RETENTION
IN CHRONIC MYELOID LEUKEMIA
M. Michieli, D. Damiani, P. Masolini, C. Melli, S. Grimaz,
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Russo, M. Baccarani
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Chronic myeloid leukemia, especially during the blastic
phase, is considered one of the best examples of drug
resistance to a wide range of compounds, including
anthracyclines and vinca alkaloids. Pgp or P-170 is one of
the glycoproteins which are believed to affect drug toxicity
by decreasing the intracellular drug content. We investi-
gated the reactivity of an anti-Pgp monoclonal antibody
(MRK-16) by flow cytometry in 34 cases of Ph-positive
CML during the chronic phase (CP CML), and in 33 cases
of Ph-positive CML during the blastic phase (BP CML).
In 38 out of the 64 CML eases, the intracellular anthracy-
cline content of the mononuclear cells was also evaluated
by flow cytometry after a 2-hour incubation with 1000

ng/mL of daunorubicin (DNR) or idarubicin (IDA). By
using the MRK-16 MoAb more than 70% of the mononu-
clear cells of BP or CP CML cases were stained. However,
the intensity of the reaction, which was expressed as the
MFI (mean fluorescence index, i.e. the ratio between the
mean fluorescence intensity of the MRK-16 incubated
cells and the mean fluorescence intensity of the isotypic
incubated control cells), was significantly higher in BP
CML eases (mean = 7.8±2.8) than in CP CML (mean =
4.6±1.57), p = 0.000. The mean intracellular anthracycline
content of both the anthracyclines tested was lower in the
BP CML eases (DNR = 203±75; IDA = 804±253) than in
CP CML (DNR = 282±103; IDA 1158±271), p = .000.

In two BP CML cases, idarubicin (12 mg/sqm) was
administered in vivo either alone or during continuous i.v.
infusion of cyclosporin-A (10 mg/kg/24 hours). Leukemic
cell IDA concentration was 1.5 to 3.6 times higher when
IDA was given with cyclosporin-A. Plasma IDA concen-
tration was also increased. These data suggest that Pgp is
often overexpressed in BP CML pts and that the therapeu-
tic application of cyclosporin-A in vivo may enhance the
toxicity of IDA. 
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LEUKEMIA AND NORMAL HEMATOPOETIC PROGENITORS
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Homoharringtonine (HHT) is a cephalotoxine alkaloid
that showed clinical efficacy in the chronic phase of
chronic myeloid leukemia (Ph’ CML); as a single agent it
proved to be effective in controlling leukocytosis and pro-
ducing a sporadic karyotypic conversion. Its clinical use in
combinatior with IFN-a for the treatment of CML could
be considered. In fact, although IFN-a as a single agent
induces a hematologic response in 60%-80% of patients,
less than 30-40% of responding patients obtain a kary-
otypic conversion, varying from minor to complete (Ph
neg. metaphases > 33% to 100%), or a significant increase
in the duration of the chronic phase. In this study we eval-
uated the growth inhibition and the induction of apopto-
sis due to HHT alone and in combination with IFN-a and
ara-C on normal an CML (both in the chronic and the
blastic phase) hematopoietic progenitors. We studied
bone marrow from 10 normal subjects, 10 CML chronic
phase patients and 10 CML acute phase patients. Cells (at
a final concentration of 33105/mL) were plated in 24-well
plates with HHT (10-50-200 ng/mL) alone or in combina-
tion (50 ng/mL) with ara-C (100 ng/mL) and/or IFN-a
(1000 U/mL). After 72 hours of incubation cells were
resuspended and counted. CFU-GM colonies were cul-
tured with HHT (0.1-1-10 ng/mL) alone or in combina-
tion (1 ng/mL) with ara-C (1 ng/mL) and/or IFN-a (100
U/mL). Apoptosis was quantitated by flow cytometry.

The IC-50 of HHT, evaluated after 72 hours of culture,
was 135 ng/mL in CML-CP; in CML-AP and in normal
cells, respectively, it was 240 ng/mL and 230 ng/mL, highly
superior to that observed in CML-CP. Th different combi-
nations of HHT with IFN-a or/and Ara-C determined a
comparable increase of cytotoxicity in CML-CP (37% vs
43% vs 40%), with HHT as standard. On the contrary, in
CML-AP and normal progenitors the drug combinations
determined only a slight increase of cytotoxicity.
Comparable results were obtained in semisolid cultures.
The induction of apoptosis proved to be dose-dependent
in CML-CP and normal controls; no changes were

75



76

observed in CML-AP. In conclusion, HHT was able to
inhibit cell growth in CML chronic phase at doses signifi-
cantly lower than in CML acute phase and in normal cells.
The association IFN-a+HHT was again significantly more
active in CML chronic phase than in CML acute phase and
in controls. In addition, the data are consistent with statis-
tically superior effect of the association IFN-a plus ara-C
and HHT on chronic phase, if compared to IFN-a used as
a single drug. Apoptosis data were in line with inhibition
experiments since induction of apoptosis proved to be
dose dependent in CML chronic phase, whereas no effect
was seen in CML acute phase. These data are concordant
with recent evidence showing that HHT belongs to the cat-
egory of MDR-related drugs whose antileukemic effect is
modulated by P 170 glycoprotein expression. In fact, P 170
expression is increased in CML acute phase with respect to
CML chronic phase; the significantly different cytotoxicity
and apoptosis inductiol observed by us provide experi-
mental evidence for the differences in clinical results
between chronic phase (responsive to HHT) and acute
phase (where the drug is ineffective). 

RESISTANCE TO HUMAN RECOMBINANT INTERFERON a2a
(IFNa2A) IN PH+ CHRONIC MYELOID LEUKEMIA PATIENTS: THE
ROLE OF NEUTRALIZING ANTI-IFNa2A ANTIBODIES (nIFN a2a
Abs) AND THE USE OF LYMPHOBLASTOID IFNa (IFNa-Ly)
Russo D, Candoni A, Minisini R,* Zuffa E,° Silvestri F,
Fanin R, Lorenzon A,* Martinelli G,° Tura S,° Baccarani M. 
Division of Hematology and *Chair of Microbiology, Udine
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In this study we evaluated: a) the frequency and the rel-
evance of nIFNa2a Abs in a cohort of 118 Ph+ CML pts;
b) the hematologic and karyotypic response to IFNa-Ly in
17 Ph+ CML pts resistant to nIFNa2a.

Using an IFNa antiviral neutralization bioassay the fre-
quency of nIFNa2a Abs was evaluated in 118 Ph+ CML
patients (pts) before (22 cases), during (67 cases), and
after (29 cases) discontinuation of IFNa2a therapy (aver-
age dose from 6 to 9 MU/day). The results are reported in
the Table. Out of 67 pts studied during IFNa2a treatment,
15 (22%) developed nIFNa2a  Abs (titer ranging from 1:40

to 1:20,480) and 11/15 were hematologically and/or karyo-
typically (H/K) unresponsive to therapy. Out of 52
nIFNa2a Ab negative patients only 11 were (H/K) unre-
sponsive. The negative relationship between the positivity
of nIFNa2a Abs and the hematologic and karyotypic
response was highly significant (p<0.0001). 

IFNa-Ly was given at escalating doses of 3,6,9 MU/daily
in 17 patients (pts) with Ph+ CML in chronic phase who
had discontinued IFNa2a between the 5th and 60th month
(mean=24, median=13) because they were hematologically
(12/17) and/or karyotypically (17/17) unresponsive,
and/or nIFNa2a Ab positive (9/17). 

nIFNa2a Abs

pts positive negative
studied

Prior to treatment 22 0 22

During IFNa2a treatment 67 15 (22%) 52
pts (H/K) unresponsive 12/15 11/52

p<0.0001

After IFNa2a discontinuation 29 9 (31%) 20

Total cases studied 118 24 (20%) 94

After a 12-month IFNa Ly treatment, a hematologic
response was obtained in 8/12 hematologically and kary-
otypically unresponsive patients, and was maintained in 2
out of the remaining 5 pts who were hematologically
responsive but karyotypically unresponsive (4 cases) or
nIFNa2a Ab positive (1 case). Out of 10 hematologically
responsive pts who completed 12 months of treatment
with IFNa-Ly, 9 pts did not achieve any karyotypic conver-
sion (Ph+ 100%) and 1 obtained a minimal karyotypic
response (Ph neg 21%). No difference was observed in
response between the group of nIFNa2a Ab positive
patients and the group who were negative. In conclusion,
these results show that: a) a significant proportion of Ph+

CML patients receiving chronic treatment with IFNa2a
develop nIFNa2a Abs, which are associated with a loss of
IFNa2a efficacy; b) a change in therapy to a non cross-
reactive type of IFNa (IFNa-Ly) can induce a hematologic
response in most patients unresponsive to IFNa2a,
whether nIFNa2a Ab positive or negative, but it seems to
be incapable of producing a karyotypic conversion. 




