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METHODS AND KITS FOR DIAGNOSING AND
MONITORING HEMATOPOIETIC CANCERS

[0001] This Application claims the benefit of priority from
U.S. Provisional Patent Application No. 60/314,302, filed
Aug. 24, 2001.

FIELD AND BACKGROUND OF THE
INVENTION

[0002] The present invention relates to a method and kits
for diagnosing and monitoring hematopoietic cancers. More
particularly, the present invention relates to methods and kits
for distinguishing between different types of differentiated
and/or undifferentiated lymphomas and leukemias, and diag-
nostic applications thereof. Most particularly, the present
invention relates to methods and kits for distinguishing
between acute myeloid leukemia cells and chronic myeloid
leukemia cells, B cell leukemia and B cell lymphoma based
on the presence or absence of heparanase expression in
blood or bone marrow cells obtained from a patient,
whereby heparanase expression serves as a target for diag-
nostics.

[0003] Heparan sulfate proteoglycans (HSPG) are macro-
molecules composed of a core protein covalently O-linked
to repeating hexuronic and D-glucosamine disaccharide
units (1-3). HSPG are located at the sub-endothelial base-
ment membrane, where they cross-link a variety of extra-
cellular matrix (ECM) molecules (e.g., collagen, laminin,
fibronectin), thereby contributing to the formation and pres-
ervation of blood-vessels walls (4). Circulating blood cells
extravasate to an inflammatory focus by degrading various
components of the sub-endothelial basement membrane, in
response to stimuli (5). Circulating metastatic tumor cells
exploit this pathway, and similarly degrade sub-endothelial
basement membrane, to form additional tumor foci (6).
Metastatic spread of blood-borne tumor cells involves deg-
radation of blood vessel wall constituents including base-
ment membrane molecules such as collagen type IV, laminin
and HSPG (9-12, 20, 21). Hence, malignant cells constitu-
tively express a variety of ECM-degrading enzymes, includ-
ing members of the matrix metalloproteinase (MMP) family
(¢.g., MMP-2 and MMP-9) (7, 20, 22-24). MMP-2 and
MMP-9 are produced by lymphoid and myeloid neoplasias
as well as by normal hematopoietic cells, including granu-
locytes, monocytes and lymphocytes (8).

[0004] HSPG degradation disintegrates the sub-endothe-
lial basement membrane, consequently facilitating trans-
endothelial migration (extravasation) of blood-borne cells
(9, 10). Heparanase is an endo-B-D-glucuronidase, degrad-
ing the heparan sulfate (HS) side chains of HSPG. Hepara-
nase activity has been illustrated in several types of normal
hematopoietic cells, including neutrophils, megakaryocytes
and activated lymphocytes, and may mediate their extrava-
sation during immune responses (10). Heparanase expres-
sion has also been shown to correlate with the metastatic
potential of a number of tumor cells, including lymphoma,
fibrosarcoma, breast carcinoma and melanoma cells (9,
11-15). However, the heparanase expression pattern during
leukemic hematopoiesis has not been defined.

[0005] Recently, the gene encoding the human heparanase
protein was cloned and its deduced amino acid sequence
includes a potential signal peptide, indicating that hepara-
nase can be secreted outside the plasma membrane (14-17
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and U.S. Pat. No. 5,968,822). The heparanase genomic locus
was found to span approximately 40 kb and localized on the
human chromosome 4q21.3 (14, 15, and U.S. Pat. No.
5,968,822). Transfection of heparanase cDNA into non-
metastatic lymphoma cells resulted in an increase in their
metastatic potential, demonstrating a direct link between
heparanase production and the malignancy of hematopoietic
cells (14).

[0006] Previous studies evaluated the expression of
MMPs in malignant hematopoietic cells (8). MMP-9 expres-
sion was detected in bone marrow samples obtained from
normal individuals and patients with several hematological
disorders, including AML, CML and MDS (8). MMP-2
expression was detected predominantly in AML and MDS,
but not in normal or CML bone narrow samples (8). Thus a
marker protein facilitating the distinction between the vari-
ous types of malignant hematopoietic cells from each other,
and from normal cells, is clearly lacking, and of critical
importance.

[0007] There is thus a widely recognized need for, and it
would be highly advantageous to have, a method of distin-
guishing between malignant hematopoietic cells and normal
cells, yielding unambiguous results. A method utilizing a
single marker would provide an enormous breakthrough in
the diagnosis of hematopoietic cell malignancies.

[0008] Though heparanase expression in aberrant hemato-
poietic cells is an attractive candidate for distinguishing
between malignant hematopoietic cells and normal cells,
heparanase has not, to date, been investigated in this context.

SUMMARY OF THE INVENTION

[0009] The present invention discloses a method and kit
for distinguishing between heparanase expressing and
heparanase non-expressing hematopoietic cells. Further-
more, the present invention discloses the use of heparanase
expression for distinguishing between differentiated and/or
undifferentiated lymphomas and leukemias and their
relapse. The present invention further discloses a method
and kit for ascertaining the suitability of an anti-neoplastic
drug candidate for efficacy in treating leukemias, based on
altered heparanase expression. Heparanase expression may
be evaluated at the gene, protein or activity level, and
methods and kits detecting heparanase expression can there-
fore be utilized for diagnostic applications. Because hepara-
nase RNA, protein and activity were not detected in most
other leukemias, or hematoncological disorders, heparanase
can be utilized as a single marker for acute myelogenous
leukemias, independent of more common membrane mark-
ers, or alternatively in combinations thereof.

[0010] Tt is therefore one object of the present invention to
provide a method of distinguishing between heparanase
expressing and heparanase non-expressing hematopoietic
cells.

[0011] It is yet another object of the present invention to
provide a method of distinguishing between heparanase
expressing and heparanase non-expressing neoplastic and
normal hematopoietic cells.

[0012] Ttis still yet another object of the present invention
to provide a method of ascertaining the suitability of an
anti-neoplastic drug candidate for efficacy in treating acute
myelogenous leukemias.
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[0013] Tt is still another object of the present invention to
provide kits for distinguishing between heparanase express-
ing and heparanase non-expressing normal and neoplastic
hematopoietic cells.

[0014] Thus, according to one aspect of the present inven-
tion there is provided a method of distinguishing between
heparanase expressing and heparanase non-expressing
hematopoietic cells in a subject in need thereof, the method
comprising monitoring heparanase expression in hemato-
poietic cells obtained from the subject and, based on the
presence or absence of heparanase expression, distinguish-
ing between heparanase expressing and heparanase non-
expressing hematopoietic cells.

[0015] According to another aspect of the present inven-
tion there is provided an improvement in a process of
diagnosing acute myelogenous leukemia or its relapse, ver-
sus non-Hodgkin’s lymphoma, acute lymphocytic leukemia,
chronic lymphocytic leukemia or chronic myeloid leukemia,
the improvement comprising determining whether hemato-
poietic cells suspected as neoplastic and in particular, leu-
kemic cells express heparanase, wherein heparanase expres-
sion is indicative of acute myeloid leukemia, and wherein
non-expression of heparanse in neoplastic hematopoietic
cells is indicative of non-Hodgkin’s lymphoma acute lym-
phocytic leukemia, chronic lymphocytic leukemia or
chronic myeloid leukemia.

[0016] According to still another aspect of the present
invention, there is provided a method for ascertaining the
suitability of an anti-neoplastic drug candidate for efficacy in
treating acute myeloid leukemia, wherein said method com-
prises combining said candidate drug with an acute myeloid
leukemia cell, said cell being isolated or in a biological
sample and detecting in said cell or biological sample a
change in heparanase expression.

[0017] According to further features in preferred embodi-
ments of the invention described below, the hematopoietic
cells assessed for heparanase expression may be obtained
from lymph nodes, bone marrow and/or peripheral blood.

[0018] According to further features in preferred embodi-
ments of the invention described below, the hematopoietic
cells obtained from the subject may be further enriched for
leukocytes prior to monitoring heparanase expression

[0019] According to still further features in the described
preferred embodiments, heparanase expressing hematopoi-
etic cells may comprise activated T or B lymphocytes,
platelets, granulocytes, macrophages, monocytes, mast
cells, megakaryocytes, promegakaryocytes, megakaryo-
blasts, promyelocytes, metamyelocytes, myelocytes, myelo-
blasts, monoblasts, and dendritic cells.

[0020] According to still further features in the described
preferred embodiments, heparanase non-expressing hemato-
poietic cells may comprise erythrocytes, normoblasts, eryth-
roblasts hematopoietic stem cells and naive T and B lym-
phocytes.

[0021] According to still further features in the described
preferred embodiments, hematopoietic cells may addition-
ally express the surface markers CD2, CD3, CD4, CD7,
CD8, CD10, CD11b, CD13 CD14, CD15, CD16, CD18,
CD19, CD20, CD22, CD23, CD25, CD28, CD33, CD34,
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CD38, CD41, CD42a, CD42b, CD45, CD61, CD71, CD103,
CD117, HLA-DR, MPO, FMC?7 and/or TdT.

[0022] According to still further features in the described
preferred embodiments, the method may be used to distin-
guish between heparanase expressing myeloid cells (AML)
and heparanase non-expressing myeloid leukemia cells
(CML) and/or between heparanase expressing myeloid cells
and heparanase non-expressing B lymphoma cells and/or
between heparanase expressing myeloid cells and hepara-
nase non-expressing B leukemia cells.

[0023] According to still further features in the described
preferred embodiments, the method may be used to distin-
guish between heparanase expressing acute myeloid leuke-
mia cells and heparanase non-expressing chronic and/or
acute lymphocytic leukemia cells or between heparanase
expressing acute myeloid leukemia cells and heparanase non
expressing chronic myeloid leukemia cells and between
heparanase expressing acute myeloid leukemia cells and
heparanase non expressing non-Hodgkin’s lymphoma cells.

[0024] According to still further features in the described
preferred embodiments, monitoring heparanase expression
in hematopoietic cells obtained from the subject is by
monitoring heparanase RNA levels.

[0025] According to still further features in the described
preferred embodiments, monitoring heparanase RNA levels
may be effected by an assay selected from the group
consisting of RT-PCR, chip hybridization, RNase protection,
in-situ hybridization, primer extension, Northern blot and
dot blot analysis.

[0026] According to still further features in the described
preferred embodiments, monitoring heparanase expression
in hematopoietic cells obtained from the subject is by
monitoring heparanase protein level.

[0027] According to still further features in the described
preferred embodiments, monitoring heparanase protein lev-
els may be effected by an assay selected from the group
consisting of immunohistochemistry, ELISA, RIA, Western
blot analysis, FACS analysis, an immunofluorescence assay,
and a light emission immunoassay.

[0028] According to still further features in the described
preferred embodiments, monitoring heparanase expression
in hematopoietic cells obtained from the subject is by
monitoring heparanase activity levels.

[0029] According to still further features in the described
preferred embodiments, monitoring heparanase activity lev-
els may be effected by using a heparanase substrate.

[0030] According to still further features in the described
preferred embodiments, heparanase substrates may be
selected from the group consisting of heparan sulfate pro-
teoglycans, soluble or immobilized heparan sulfate, or so
heparin, and may include a detectable moiety selected from
the group consisting of a chromogenic moiety, a fluorogenic
moiety, a radioactive moiety and a light-emitting moiety.

[0031] According to another aspect of the present inven-
tion there is provided a kit for distinguishing between
heparanase expressing hematopoietic and heparanase non-
expressing hematopoietic cells, comprising at least one
container including al least one reagent for determining a
level of heparanase expression or activity in a biological
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sample, and packaging material identifying said at least one
reagent for use in distinguishing between heparanase
expressing hematopoietic cells and heparanase non-express-
ing hematopoietic cells.

[0032] According to another aspect of the present inven-
tion there is provided a kit for distinguishing between
heparanase expressing acute myeloid leukemic cells and/or
other neoplastic or normal hematopoietic cells and hepara-
nase non-expressing non-Hodgkin’s lymphoma cells and/or
chronic lymphocytic leukemia cells and/or chronic myeloid
leukemic cells and/or other neoplastic or normal hemato-
poietic cells, comprising al least one container including at
least one reagent for determining a level of heparanase
expression or activity in a biological sample, and packaging
material identifying said at least one reagent for use in
distinguishing between the above listed heparanase express-
ing cells and the above listed heparanase non-expressing
neoplastic or normal hematopoietic cells.

[0033] According to still further features in the described
preferred embodiments the reagent comprises a substance
selected for specifically interacting with heparanase mRNA,
for monitoring heparanase RNA levels within said cells.

[0034] According to still further features in the described
preferred embodiments heparanase RNA levels are moni-
tored via an assay selected from the group consisting of
RT-PCR, chip hybridization, RNase protection, in-situ
hybridization, primer extension, Northern blot and dot blot
analysis.

[0035] According to still further features in the described
preferred embodiments the reagent may comprise oligo-
nucleotide primers for tic identification and/or amplification
of heparanase mRNA.

[0036] According to still further features in the described
preferred embodiments the reagent comprises a substance
selected for specifically interacting with heparanase, for
monitoring heparanase protein levels or activity within said
cells.

[0037] According to still further features in the described
preferred embodiments heparanase protein levels are moni-
tored via an assay selected from the group consisting of
immunohistochemistry, ELISA, RIA, Western blot analysis,
FACS analysis, an immunofluorescence assay, and a light
emission immunoassay, said at least one reagent comprises
a heparanase specific antibody.

[0038] According to still further features in the described
preferred embodiments the reagent may comprise a hepara-
nase specific antibody, and may be coupled to an enzyme.

[0039] According to still further features in the described
preferred embodiments the reagent may comprise a hepara-
nase substrate.

[0040] According to still further features in the described
preferred embodiments the heparanase substrate may be
selected from the group consisting of soluble or immobilized
heparan sulfate proteoglycans, heparan sulfate, or heparin,
and may additionally comprise a detectable moiety selected
from the group consisting of a chromogenic moiety, a
fluorogenic moiety, a radioactive moiety and a light-emitting
moiety.

[0041] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
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understood by one of ordinary skill in the art to which this
invention belongs Although methods and materials similar
or equivalent to those described herein call be used in the
practice or testing of the present invention, suitable methods
and materials are described below. In case of conflict, the
patent specification, including definitions, will control. In
addition, the materials, methods, and examples are illustra-
tive only and not intended to be limiting,

BRIEF DESCRIPTION ON OF THE DRAWINGS

[0042] The invention is herein described, by way of
example only, with reference to the accompanying drawings.
With specific reference now to the drawings in detail, it is
stressed that the particulars shown are by way of example
and for purposes of illustrative discussion of the preferred
embodiments of the present invention only, and are pre-
sented in the cause of providing what is believed to be the
most useful and readily understood description of the prin-
ciples and conceptual aspects of the invention. In this regard,
no attempt is made to show structural details of the invention
in more detail than is necessary for a fundamental under-
standing of the invention, the description taken with the
drawings making apparent to those skilled in the art how the
several forms of the invention may be embodied in practice.

[0043]

[0044] FIG. 1 is a photograph of an agarose gel electro-
phoresis of products of an RT-PCR assay indicating hepara-
nase RNA expression in peripheral white blood cells of
normal donors (n=6). Heparanase-specific primers (yielding
a 585 bp PCR product) (lanes 1-6, top) and GAPDH primers
(yielding a 598 bp PCT product) (lanes 1-6, bottom) were
utilized to probe for expression of the respective mRNAs. A
pcDNA3 plasmid containing the full-length heparanase
cDNA served as the positive control (lane 7, top), human
melanoma cDNA functioned as a control template (lane 7,
bottom), and a sample containing reagents alone functioned
as the negative control (lane 8). Lane 9: DNA molecular
weight.

[0045] FIG. 2A is a photograph revealing heparanase
expression by immunocytochemistry in peripheral blood
leukocytes. Polymorphonuclear cells isolated from normal
blood samples revealed strong cytoplasmic (green fluores-
cent) staining of the polymorphonuclear (PMN) cells, as
compared to no detectable heparanase expression in mono-
nuclear (MN) cells and erythrocytes.

[0046] FIG. 2B is a chromatogram showing release of
¥8-labeled ECM degradation fragments, analyzed by gel
filtration, indicating functional heparanase activity. Isolated
peripheral blood monocytes were incubated with ECM in
the presence (open squares) or absence (closed squares) of
2.5 ug/ml heparin, indicating enzyme specificity.

[0047] FIG. 3A is a photograph of an agarose gel elec-
trophoresis of products of an RT-PCR assay indicating
heparanase gene expression in leukemic leukocytes. White
blood cells isolated from patients with various leukemias
were analyzed for heparanase expression. Heparanase tran-
scripts were expressed in leukemic cells from patients with
AML exclusively; no expression was detected in samples
from patients with CLL, ALL, NHL or CML. The positive
control containing a plasmid encoded heparanase gene (hpa
pcDNA) yielded a positive signal as well.

In the drawings:
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[0048] FIG. 3B is a photograph revealing heparanase
expression as detected by immunohistochemistry. Cell-spe-
cific heparanase protein expression was evident as red-
brown precipitate staining (indicated by black arrows) of
neutrophils (No. 1) and platelets (No. 2), but not lympho-
cytes (No. 2) (indicated by red arrow) in normal donor
samples. Cytoplasmic staining was also evident in AML
blasts (No. 5) but not in CML (No. 4) or CLL (No. 3)
leukemic cells (indicated by black arrows), while positively
stained neutrophils are indicated by red arrow).

[0049] FIG. 4 is a chromatogram showing release of
*8-labeled ECM degradation fragments, analyzed by gel
filtration, indicating functional heparanase activity in leuke-
mic cells from AML-M4 (open symbols) but not CLL
(closed symbols) patients. 2.5x10° AML cells/ml were incu-
bated with **S-labeled ECM in the absence (open squares)
or presence (open circles) of 2.5 ug/ml heparin and analyzed
by gel filtration, indicating enzymatic activity. The inset is a
photograph of an agarose gel electrophoresis of total RNA
assessed by RT-PCR probed with primers specific for
heparanase (top) and GAPDH (bottom). AML-M4 (lane 1)
and positive control pcDNA3 (containing the heparanase
cDNA (lane 3, top)) revealed the presence of the appropri-
ately-sized transcript (molecular weight markers in lane 5),
however, the CLL (lane 2), and negative control (lane 4)
samples did not.

[0050] FIG. 5A is a plot of data analyzed by flow cyto-
metric analysis of cell-surface heparanase expression on the
cell surface of the total population of isolated normal
circulating leukocytes. Cells probed with FITC-conjugated
anti-heparanase mAb revealed modest staining as compared
to an isotype-matched control.

[0051] FIG. 5B is a plot of data analyzed by flow cyto-
metric analysis of cell-surface heparanase expression of cell
populations in (A) sorted by size and granularity (indicated
by the regions Gr, Mo and Ly corresponding to granulocytes,
monocytes and lymphocytes, respectively). Granulocyte
populations revealed very low levels of surface staining for
heparanase protein, monocytes revealed appreciably less
staining, and lymphocyte staining was not detected.

[0052] FIG. 6A is a plot of data analyzed by flow cyto-
metric analysis of M4 AML peripheral leukocyte probed
with isotype-matched control monoclonal antibodies, deter-
mining background fluorescence.

[0053] FIG. 6B is a plot of data analyzed by flow cyto-
metric analysis of M4 AML bone marrow cell populations
probed with isotype-matched control monoclonal antibod-
ies, determining background fluorescence.

[0054] FIG. 6C is a plot of data analyzed by flow cyto-
metric analysis revealing significant cell-surface heparanase
and CD14 expression in M4 AML peripheral leukocytes,
probed with fluorescent-labeled anti-heparanase mAb 130
(indirect immunofluorescence) and fluorescent-labeled anti
CD 4 mAb (direct immunofluorescence).

[0055] FIG. 6D is a plot of data analyzed by flow cyto-
metric analysis of bone marrow cell populations, taken from
patients with M4 AML, prior to (left panel) and following
(tight panel) clinical remission, probed with fluorescent-
labeled anti-heparanase mAb 130 (indirect immunofluores-
cence) and fluorescent-labeled anti CD14 mAb (direct
immunofluorescence). Bone marrow samples stained posi-
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tively for CD14 cell surface expression, while heparanase
expression declined as a function of clinical remission.

[0056] FIG. 7 is a schematic diagram depicting the pro-
posed lineage-specific expression of heparanase in cells of
hematopoietic origin. Heparanase gene and protein are not
expressed in early hematopoietic CD34+ progenitors, as
evidenced by the lack of heparanase expression in CML
samples as well as in CD34+ isolated cord blood cells (Table
17 below). While cellular activation events may turn-on
heparanase expression in non-expressing cells (e.g., lym-
phocytes), or induce the release of the enzyme from hepara-
nase expressing cells (e.g., neutrophils), the highest levels of
expression were more commonly found in leukemic cells at
an arrested stage of maturation along the granulocytic dif-
ferentiation pathway.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0057] The present invention is of methods and kits for
distinguishing between heparanase expressing and hepara-
nase non-expressing normal and/or neoplastic hematopoietic
cells. Specifically, the present invention utilizes heparanase
expression in order to distinguish between normal hemato-
poietic cells and differentiated and/or undifferentiated lym-
phomas and leukemias and their relapse. Heparanase expres-
sion is also used as a means of ascertaining the suitability of
anti-neoplastic drug candidates for efficacy in treating leu-
kemias, and in other diagnostic applications. As is exempli-
fied herein, because heparanase RNA, protein and activity
were not detected in most other leukemias, or hematonco-
logical disorders, heparanase can be utilized as a single
marker for acute myeloid leukemias and independent of
more common membrane markers, or alternatively in com-
binations thereof.

[0058] The principles and operation of file present inven-
tion may be better understood with reference to the drawings
and accompanying descriptions.

[0059] Before explaining at least one embodiment of the
invention in detail, it 1s to be understood that the invention
is not limited in its application to the details of construction
and the arrangement of the components set forth in the
following description or illustrated in the drawings. The
invention is capable of other embodiments or of being
practiced or carried out in various ways. Also, it is to be
understood that the phraseology and terminology employed
herein is for the purpose of description and should not bc
regarded as limiting.

[0060] Heparanase is an endo-f-D-glucuronidase, which
degrades extracellular matrix (ECM) components consisting
of heparan sulfate proteoglycans (HSPG). Heparanase activ-
ity has been illustrated in several types of normal hemato-
poietic cells, including neutrophils, megakaryocytes and
activated lymphocytes mediating their extravasation during
immune responses (10). Heparanase expression has also
been shown to correlate with the metastatic potential of a
number of tumor cells, including lymphoma, fibrosarcoma,
breast carcinoma and melanoma cells (9, 11-15). However,
the heparanase expression pattern during leukemic hemato-
poiesis has not been defined, nor has a systematic approach
toward differentiating leukemic, lymphoma and normal
hematopoietic cell populations based on heparanase expres-
sion has been achieved.
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[0061] Metastatic spread of blood-born tumor cells
involves degradation of blood vessel wall constituents
including basement membrane molecules such as collagen
type IV, laminin and HSPG (8-11, 19, 20). Hence, malignant
cells constitutively express a variety of ECM-degrading
enzymes, including matrix metalloproteinases (MMPs) and
heparanase (7-12, 19, 21-23).

[0062] Previous studies evaluated the expression of MMs
in malignant hematopoietic cells (7). MMP-9 expression
was detected in bone marrow samples obtained from normal
individuals and patients with several hematological disor-
ders, including AML, CML and MDS (7). In contrast,
MMP-2 expression was detected predominantly in AML and
MDS, but not in normal or CML bone marrow samples (7).
Due to the non-availability of appropriate anti-heparanase
monoclonal antibodies and molecular probes by most
rescarchers, heparanase expression in aberrant hematopoi-
etic cells has not been sufficiently investigated. Nor has it
been possible to differentiate between various hematopoietic
tumors, using a single marker protein, a measure that would
dramatically impact diagnostic procedures for diagnosing
hematopoietic neoplasms.

[0063] While reducing the present invention to practice it
was discovered that hematopoietic cells, both normal and
neoplastic, could be distinguished, based on their expression
of heparanase, Neutrophils have been suggested as the major
cell type expressing heparanase in circulation (28). The
present invention, however, provides a definitive means to
assess myeloid-lineage versus, lymphocytic and erythro-
cytic expression of heparanase.

[0064] Furthermore, while reducing the present invention
to practice, it was uniquely discovered that acute myelog-
enous leukemias express high levels of heparanase, whereas
lymphomas lymphocytic leukemias and chronic myelog-
enous leukemia do not. While normal, hematopoietic cells of
myeloid lineage, in particular the granulocytes express
heparanase; erythrocytes and naive lymphocytes do not.

[0065] Therefore, according to one aspect of the present
invention there is provided a method of distinguishing
between heparanase expressing hematopoietic cells and
heparanase non-expressing hematopoietic cells in a subject
in need thereof, the method comprising monitoring hepara-
nase expression in hematopoietic cells obtained from the
subject and, based on a presence or an absence of said
heparanase expression, distinguishing between said hepara-
nase expressing hematopoietic cells and said heparanase
non-expressing hematopoietic cells.

[0066] As used herein the phrase “heparanase expression”
refers to transcription and/or translation and/or activity of
heparanase. Several methods can be utilized to determine the
level of heparanase expression, as is discussed hereinbelow.

[0067] The cloning and recombinant expression of the
heparanase gene have been described in U.S. Pat. Nos.
5,968,822; and 6,348,344; U.S. patent applications Nos.
09/109,386; 09/258,892; 09/635,923; 09/487,716; 09/435,
739; 09/776,874; 10/137,351; and 09/988,113; and in PCT
Application Nos. US98/17954; US99/09256; US00/03542,
which are incorporated by Is reference as if fully set forth
herein.

[0068] Differential heparanase expression may be used as
a distinguishing characteristic, evaluated at the level of gene
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and/or proteins expression. According to preferred embodi-
ments of the present invention, monitoring heparanase gene
expression in hematopoietic cells obtained from the subject
is by monitoring heparanase RNA levels.

[0069]

[0070] 1In order to isolate heparanase RNA, biological
samples must be obtained for processing. Most commonly,
and as preferred embodiments of the present invention,
heparanized peripheral blood is drawn and RNA may be
extracted from the sample, or alternatively, if desired, leu-
kocytes may be isolated by differential gradient separation,
using, for example, ficoll-hypaque or sucrose gradient solu-
tions for cell separations, followed by ammonium chloride
or hypotonic lysis of remaining contaminating erythrocytes
(“Cell Biology: A Laboratory Handbook”, Volumes I-III
Cellis, J. E., ed. (1994); “Current Protocols in Immunology”
Volumes I-III Coligan J. E., ed. (1994); Stites et al. (eds)).
Bone marrow and lymph node biopsies may be processed by
collagenase/dispase treatment of the biopsy material, or by
homogenization in order to obtain single cell suspensions
(“Cell Biology: A Laboratory Handbook”, Volumes I-III
Cellis, J. E., ed. (1994); “Current Protocols in Immunology”
Volumes I-II Coligan J. E., ed. (1994); Stites et al. (eds))
whereupon