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FIGURE 5
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MARKERS OF ACUTE MYELOID LEUKEMIA
STEM CELLS

BACKGROUND OF THE INVENTION

[0001] Basiccancer research has focused on identifying the
genetic changes that lead to cancer. This has led to major
advances in our understanding of the molecular and bio-
chemical pathways that are involved in tumorigenesis and
malignant transformation. However, our understanding of the
cellular biology has lagged. Although the effects of particular
mutations on the proliferation and survival of model cells,
such as fibroblasts or cell lines, can be predicted, the effects of
such mutations on the actual cells involved in specific cancers
is largely guesswork.

[0002] A tumor canbe viewed as an aberrant organ initiated
by a tumorigenic cancer cell that acquired the capacity for
indefinite proliferation through accumulated mutations. In
this view of a tumor as an abnormal organ, the principles of
normal stem cell biology can be applied to better understand
how tumors develop. Many observations suggest that analo-
gies between normal stem cells and tumorigenic cells are
appropriate. Both normal stem cells and tumorigenic cells
have extensive proliferative potential and the ability to give
rise to new (normal or abnormal) tissues. Both tumors and
normal tissues are composed of heterogeneous combinations
of cells, with different phenotypic characteristics and differ-
ent proliferative potentials.

[0003] Because most tumors have a clonal origin, the origi-
nal tumorigenic cancer cell gives rise to phenotypically
diverse progeny, including cancer cells with indefinite prolif-
erative potential, as well as cancer cells with limited or no
proliferative potential. This suggests that tumorigenic cancer
cells undergo processes that are analogous to the self-renewal
and differentiation of normal stem cells. Tumorigenic cells
can be thought of as cancer stem cells that undergo an aber-
rant and poorly regulated process of organogenesis analogous
to what normal stem cells do. Although some of the hetero-
geneity in tumors arises as a result of continuing mutagenesis,
it is likely that heterogeneity also arises through the aberrant
differentiation of cancer cells.

[0004] Tt is well documented that many types of tumors
contain cancer cells with heterogeneous phenotypes, reflect-
ing aspects of the differentiation that normally occurs in the
tissues from which the tumors arise. The variable expression
of normal differentiation markers by cancer cells in a tumor
suggests that some of the heterogeneity in tumors arises as a
result of the anomalous differentiation of tumor cells.
Examples of this include the variable expression of myeloid
markers in chronic myeloid leukaemia, the variable expres-
sion of neuronal markers within peripheral neurectodermal
tumors, and the variable expression of milk proteins or the
estrogen receptor within breast cancer.

[0005] It was first extensively documented for leukemia
and multiple myeloma that only a small subset of cancer cells
is capable of extensive proliferation. Because the differences
in clonogenicity among the leukemia cells mirrored the dif-
ferences in clonogenicity among normal hematopoietic cells,
the clonogenic leukemic cells were described as leukemic
stem cells. It has also been shown for solid cancers that the
cells are phenotypically heterogeneous and that only a small
proportion of cells are clonogenic in culture and in vivo. Just
as in the context of leukemic stem cells, these observations
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led to the hypothesis that only a few cancer cells are actually
tumorigenic and that these tumorigenic cells act as cancer
stem cells.

[0006] In support of this hypothesis, recent studies have
shown that, similar to leukemia and other hematologic malig-
nancies, tumorigenic and non-tumorigenic populations of
breast cancer cells can be isolated based on their expression of
cell surface markers. In many cases of breast cancer, only a
small subpopulation of cells had the ability to form new
tumors. This work strongly supports the existence of CSC in
breast cancer. Further evidence for the existence of cancer
stem cells occurring in solid tumors has been found in central
nervous system (CNS) malignancies. Using culture tech-
niques similar to those used to culture normal neuronal stem
cells it has been shown that neuronal CNS malignancies
contain a small population of cancer cells that are clonogenic
in vitro and initiate tumors in vivo, while the remaining cells
in the tumor do not have these properties.

[0007] Stem cells are defined as cells that have the ability to
perpetuate themselves through self-renewal and to generate
mature cells of a particular tissue through differentiation. In
mosttissues, stem cells arerare. As a result, stem cells must be
identified prospectively and purified carefully in order to
study their properties. Perhaps the most important and useful
property of stem cells is that of self-renewal. Through this
property, striking parallels can be found between stem cells
and cancer cells: tumors may often originate from the trans-
formation of normal stem cells, similar signaling pathways
may regulate self-renewal in stem cells and cancer cells, and
cancers may comprise rare cells with indefinite potential for
self-renewal that drive tumorigenesis.

[0008] The presence of cancer stem cells has profound
implications for cancer therapy. At present, all of the pheno-
typically diverse cancer cells in a tumor are treated as though
they have unlimited proliferative potential and can acquire the
ability to metastasize. For many years, however, it has been
recognized that small numbers of disseminated cancer cells
can be detected at sites distant from primary tumors in
patients that never manifest metastatic disease. One possibil-
ity is that immune surveillance is highly effective at killing
disseminated cancer cells before they can form a detectable
tumor. Another possibility is that most cancer cells lack the
ability to form a new tumor such, that only the dissemination
of rare cancer stem cells can lead to metastatic disease. If so,
the goal of therapy must be to identify and kill this cancer
stem cell population.

[0009] The prospective identification and isolation of can-
cer stem cells will allow more efficient identification of diag-
nostic markers and therapeutic targets expressed by the stem
cells. Existing therapies have been developed largely against
the bulk population of tumor cells, because the therapies are
identified by their ability to shrink the tumor mass. However,
because most cells within a cancer have limited proliferative
potential, an ability to shrink a tumor mainly reflects an
ability to kill these cells. Therapies that are more specifically
directed against cancer stem cells may result in more durable
responses and cures of metastatic tumors.

[0010] Hematopoiesis proceeds through an organized
developmental hierarchy initiated by hematopoietic stem
cells (HSC) that give rise to progressively more committed
progenitors and eventually terminally differentiated blood
cells. Although the concept of the HSC was not new, it was not
until 1988 that it was shown that this population could be
prospectively isolated from mouse bone marrow on the basis
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of cell-surface markers using fluorescence-activated cell sort-
ing (FACS). Since that time, the surface immunophenotype of
the mouse HSC has become increasingly refined, such that
functional HSC can be isolated with exquisite sensitivity,
resulting in a purity of 1 in 1.3 cells. While our ability to
prospectively isolate mouse HSC has improved dramatically
overthe past 20 years, our understanding ofthe earliest events
in the human hematopoietic system lags far behind.

[0011] Cancer stem cells are discussed in, for example,
Pardal et al. (2003) Nat Rev Cancer 3, 895-902; Reya et al.
(2001) Nature 414, 105-11; Bonnet & Dick (1997) Nat Med
3,730-7; Al-Hajj et al. (2003) Proc Natl Acad Sci USA 100,
3983-8; Dontu et al. (2004) Breast Cancer Res 6, R605-15;
Singh et al. (2004) Nature 432, 396-401.

[0012] The identification of a hierarchy of multipotent
hematopoietic progenitors in human cord blood, including
multipotent progenitor cells, may be found in Majeti et al.
(2007) Cell Stem Cell 1 (6):635-45, herein specifically incor-
porated by reference, particularly with respect to the teaching
of markers identifying the multipotent progentors.

SUMMARY OF THE INVENTION

[0013] Markers of acute myeloid leukemia stem cells
(AMLSC) are provided herein. The markers are polynucle-
otides or polypeptides that are differentially expressed on
AMLSC as compared to normal counterpart cells. Uses of the
markers include use as targets for therapeutic antibodies or
ligands; as targets for drug development, and for identifica-
tion or selection of AMLSC cell populations.

[0014] The AMLSC markers are useful as targets of thera-
peutic monoclonal antibodies for treatment of patients with
de novo, relapsed, or refractory acute myeloid leukemia.
Such monoclonal antibodies are also useful in the treatment
of pre-leukemic conditions, such as myelodysplastic syn-
dromes (MDS) and myeloproliferative disorders (MPDs)
including: chronic myelogenous leukemia, polycythemia
vera, essential thrombocytosis, agnogenic myelofibrosis and
myeloid metaplasia, and others. Antibodies include free anti-
bodies and antigen binding fragments derived therefrom, and
conjugates, e.g. pegylated antibodies, drug, radioisotope, or
toxin conjugates, and the like.

[0015] Insomeembodiments, combinations of monoclonal
antibodies are used in the treatment of human AML or pre-
leukemic conditions. In one embodiment, a monoclonal anti-
body directed against CD47, for example an antibody that
blocks the interaction of CD47 with SIRPex, is combined with
monoclonal antibodies directed against one or more addi-
tional AMLSC markers, e.g. CD96, CD97, CD99, CD180,
PTHR2, HAVCR?2 (also referred to as TIM3), and the like,
which compositions can be synergistic in enhancing phago-
cytosis and elimination of AML LSC as compared to the use
of single antibodies.

[0016] The AMLSC markers are useful as targets of mono-
clonal antibodies for use in ex vivo purging of autologous
stem cell products (mobilized peripheral blood or bone mar-
row) for use in autologous transplantation for patients with
acute myeloid leukemia or the pre-leukemic conditions out-
lined above. Combinations of monoclonal antibodies
directed against AML LSC-specific cell surface molecules, as
described above, can be synergistic in eliminating LSC.
[0017] The AMLSC markers are useful in clinical diagnos-
tic applications including, without limitation, primary diag-
nosis of AML or pre-leukemic conditions from blood and/or
bone marrow specimens, evaluation of leukemic involvement
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of the cerebrospinal and other body fluids, monitoring of
interval disease progression, and monitoring of minimal
residual disease status.

[0018] As an alternative to monoclonal antibodies, the
ligands of AMLSC markers, either as single agents or in
combination, may be used to target them in AML or the
pre-leukemic conditions outlined above. The ligands can be
free or conjugated, for direct administration to patients or for
ex vivo purging of autologous stem cell products. Some spe-
cific molecules and their ligands include, without limitation,
CD155-Fc fusion protein that binds CD96; TIP39 that binds
PTHR2; Galectin-9 that binds HAVCR2.

[0019] The AMLSC cells can be prospectively isolated or
identified from primary tumor samples, and possess the
unique properties of cancer stem cells in functional assays for
cancer stem cell self-renewal and differentiation.

[0020] Insome embodiments of the invention, methods are
provided for detection, classification or clinical staging of
acute myeloid leukemias according to the stem cells that are
present in the leukemia, where greater numbers of stem cells
areindicative of a more aggressive cancer phenotype. Staging
is useful for prognosis and treatment. In some embodiments,
a tumor sample is analyzed by histochemistry, including
immunohistochemistry, in situ hybridization, and the like, for
the presence of CD34*CD38~ cells that express one or more
AMLSC markers provided herein. The presence of such cells
indicates the presence of AMLSC.

[0021] In another embodiment of the invention, methods
for the isolation of AMLSC are provided, comprising con-
tacted a candidate cell population with a binding reagent
specific for one or more of the AMLSC markers provided
herein, and selecting for cells that have bound to the reagent
(8). The cells may further be selected as being CD34"CD38".
The cells are useful for experimental evaluation, and as a
source of lineage and cell specific products, including mRNA
species useful in identifying genes specifically expressed in
these cells, and as targets for the discovery of factors or
molecules that can affect them. AMLSC may be used, for
example, in a method of screening a compound for an effect
on the cells. This involves combining the compound with the
cell population of the invention, and then determining any
modulatory effect resulting from the compound. This may
include examination of the cells for viability, toxicity, meta-
bolic change, or an effect on cell function. The phenotype of
AMLSC described herein provides a means of predicting
disease progression, relapse, and development of drug resis-
tance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1: Differential Gene Expression Between
AML LSC and Normal Bone Marrow HSC and MPP (A)
Heat maps demonstrating genes found to be differentially
expressed at least 2 fold between bone marrow HSC (n=4)
and AML LSC (n=9) or bone marrow MPP (n=4) and AML
LSC (n=9). Expression relative to the median is indicated for
genes with p<0.05 and a FDR of 5%. (B) Selected list of
transmembrane proteins found to be at least 2-fold more
highly expressed in AML LSC than HSC of MPP. NS: not
significant.

[0023] FIG. 2. CD47 is more highly expressed on AML
LSC. Mobilized peripheral blood (MPB) HSC and AML LSC
were examined for CD47 expression by flow cytometry. (A)
Representative flow cytometry plots indicating expression of
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CD47 relative to an isotype control. (B) Summary of CD47
expression on all samples assayed, with the indicated means.

[0024] FIG. 3: Anti-CD47 Antibody Stimulates In Vitro
Macrophage Phagocytosis of Primary human AML LSC.
AML LSC were purified by FACS from two primary human
AML samples, labeled with the fluorescent dye CFSE, and
incubated with mouse bone marrow-derived macrophages
either in the presence of an isotype control (A) or anti-CD47
antibody (B). These cells were assessed by immunofluores-
cence microscopy for the presence of fluorescently labeled
LSC within the macrophages. (C) The phagocytic index was
determined for each condition by calculating the number of
ingested cells per 100 macrophages.

[0025] FIG. 4. Anti-CD47 antibody stimulates in vitro mac-
rophage phagocytosis of primary human AML LSC. AML
LSC were purified by FACS from two primary human AML
samples and labeled with the fluorescent dye CFSE. These
cells were incubated with mouse bone marrow-derived mac-
rophages, either in the presence of an isotype matched control
(left) or anti-CD47 antibody (right). The macrophages were
harvested, stained with a fluorescently labeled anti-mouse
macrophage antibody, and analyzed by flow cytometry.
mMac+CFSE+ double-positive events identify macrophages
that have phagocytosed CFSE-labeled LSC. (A,B) two inde-
pendent primary AML LSC samples.

[0026] FIG.5. Anti-CD47 antibody inhibits in vivo engraft-
ment of primary human AML. Two primary human AML
samples were untreated (control, n=3) or coated with anti-
human CD47 antibody (anti-CD47, n=6) prior to transplan-
tation into newborn NOG mice. 13 weeks later, mice were
sacrificed and the bone marrow was analyzed for the presence
of human CD45+CD33+ myeloid leukemia cells by flow
cytometry.

[0027] FIG. 6A-B: CD99 Expression on AML LSC Com-
pared to Normal HSC. CD99 expression was examined on
several samples of normal human bone marrow HSC (n=3)
and de novo human AML LSC (n=7). Representative histo-
grams of CD99 expression on HSC and LSC (left) and sum-
mary of normalized mean fluorescence intensity (MFI) of all
specimens (right) are shown. Mean CD99 expression was
increased 5.6 fold in AML LSC compared to HSC (p=0.05).

[0028] FIG. 7A-B: CD97 Expression on AML LSC Com-
pared to Normal HSC. CD97 expression was examined on
several samples of normal human bone marrow HSC (n=3)
and de novo human AML: LSC (n=7). Representative histo-
grams of CD97 expression on HSC and LSC (left) and sum-
mary of normalized mean fluorescence intensity (MFI) of all
specimens (right) are shown. Mean CD97 expression was
increased 7.9 fold in AML LSC compared to HSC (p=0.03).

[0029] FIG. 8A-B: CD180 Expression on AML LSC Com-
pared to Normal HSC. CD180 expression was examined on
several samples of normal human bone marrow HSC (n=3)
and de novo human AML LSC (n=7). Representative histo-
grams of CD180 expression on HSC and LSC (left) and
summary of normalized mean fluorescence intensity (MFT) of
all specimens (right) are shown. Mean CD180 expression was
increased 60 fold in AML LSC compared to HSC (p=0.20).

[0030] FIG. 9A-B: TIM3 Expression on AML LSC Com-
pared to Normal HSC. TIM3 expression was examined on
several samples of normal human bone marrow HSC (n=3)
and de novo human AML LSC (n=14). Representative histo-
grams of TIM3 expression on HSC and LSC (left) and sum-
mary of normalized mean fluorescence intensity (MFI) of all
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specimens (right) are shown. Mean TIM3 expression was
increased 9 fold in AML LSC compared to HSC (p=0.01).
[0031] FIG. 10: PTH2R Expression in AML LSC Com-
pared to Normal HSC. PTH2R expression was examined in
several samples of normal human bone marrow HSC (n=3)
and de novo human AML LSC (n=9). Expression was deter-
mined by qRT-PCR and is expressed relative to beta-actin as
a control. Mean PTH2R expression was increased 21 fold in
AML LSC compared to HSC (p<0.001).

[0032] FIGS. 11A-11G: TIM-3 is More Highly Expressed
on Functional AML LSC Than on Functional NBM HSC. (A)
Representative flow cytometry histograms indicating TIM-3
expression on NBM HSC (Lin-CD34+CD38-CD90+) and
AML LSC (Lin-CD34+CD38-CD90-). (B) TIM-3 protein
expression was assessed by flow cytometry for multiple
specimens of NBM HSC, primary AML LSC, and bulk AML.
Mean fluorescence intensity was normalized for cell size and
against lineage-positive cells for comparison between mea-
surements conducted on different days. (C) The percentage of
cells positive for TIM-3 expression by flow cytometry within
the Lin-CD34+CD38- compartment of AML and normal
bone marrow samples was determined by comparison to iso-
type control. (D) TIM-3+ and TIM-3- fractions of the Lin-
CD34+CD38- compartment from normal human bone mar-
row sample NBMOS were purified by two rounds of
fluorescence-activated cell sorting (FACS). Top panels dem-
onstrate expression of the indicated surface markers prior to
sorting, while the bottom panels indicate results post-sorting.
(E) These cells were transplanted into NSG pups and, twelve
weeks later, bone marrow was analyzed by flow cytometry for
the presence of human CD45+ leukocyte engraftment (left)
whose lineage was further defined by expression of CD19 on
lymphoid cells and CD33 on myeloid cells (right). (F) TIM-
3+ and TIM-3- fractions of the Lin-CD34+ compartment
from AML sample SU018 were double-sorted by FACS. (G)
These cells were transplanted into NSG pups and 12 weeks
later, human engraftment in mouse bone marrow was ana-
lyzed as above.

[0033] FIGS. 12A-12F: Prospective Isolation of Residual
Normal HSC From AML Patient Samples. (A) TIM-3 expres-
sion was determined on the Lin-CD34+CD38- fraction of
AML sample SUO3 1 by flow cytometry. TIM-3-and TIM-3+
cells were double-sorted to >99% purity by FACS. (B) These
sorted cells were transplanted into NSG pups and, 12 weeks
later, human engraftment in mouse bone marrow was ana-
lyzed. (C) RT-PCR for the CBFB-MYH11 fusion transcript
produced by inv(16) and human p-actin. (D) TIM-3 expres-
sion was determined on the Lin-CD34+CD38- fraction of
AML sample SU043 by flow cytometry. TIM-3- and TIM-3+
cells of were double-sorted to >98% purity by FACS. (E)
These sorted cells were plated in duplicate into complete
methylcellulose media and, fourteen days later, myeloid
colony formation was determined by microscopy. (F) PCR of
genomic DNA FLT3 amplicon size identified wild-type FL'T3
and FLT3-ITD. Note that in the leukemic cells, no wild-type
FLT3 is detected indicating homozygous FLT3-1TD.

[0034] FIGS. 13A-13D: Prospective Separation of Func-
tional HSC and Functional AML LSC From a Single Patient
Sample. (A) TIM-3 expression was determined on the Lin-
CD34+CD38- fraction of AML sample SU030 by flow
cytometry. TIM-3+ and TIM-3- cells were double-sorted to
>99% purity by FACS. (B) These sorted cells were plated in
duplicate into complete methylcellulose media, and fourteen
days later, myeloid colony formation was determined by
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microscopy. A representative BFU-E is shown. (C) Lin-
CD34+CD38-TIM-3+ and Lin-CD34+CD38-TIM-3-
sorted cells were transplanted into NSG pups and, 12 weeks
later, human engraftment in mouse bone marrow was ana-
lyzed. (D) PCR of genomic DNA for FLT3 amplicon size
identified wild-type FLT3 and FLT3-ITD.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0035] The present invention identifies polynucleotides, as
well as polypeptides encoded thereby, that are differentially
expressed in acute myeloid leukemia stem cells (AMLSC).
Methods are provided in which these polynucleotides and
polypeptides, which may be collectively referred to as
AMLSC markers, are used for detecting, assessing, and
reducing the growth of cancer cells. Methods may use one or
a combination of markers, where a combination may include
2, 3 or more markers, and in some embodiments will include
CD47 in combination with 1, 2 or more markers. Other
embodiments include TIM3 in combination with 1, 2 or more
markers, including a combination of TIM3 and CD47, for
example where antibodies that specifically bind to each of
TIM3 and CD47 are used in the identification, characteriza-
tion and/or elimination of AMLSC. The invention finds use in
the prevention, treatment, detection or research of leukemic
and pre-leukemic conditions.

[0036] The markers of the invention in some embodiments
are expressed on the AMLSC cell surface. In some embodi-
ments, the markers are expressed as a level at least 2x the
expression level of a counterpart non-transformed cell, e.g. a
human hematopoietic stem cell, and/or a human hematopoi-
etic multipotent progenitor cell, where expression may be
determined as the level of transcription, mRNA accumula-
tion, and/or protein accumulation. In other embodiments the
markers are expressed as a level at least 3x, at least 4x, at least
5x, at least 10x, at least 20x or greater, than the expression
level of a counterpart non-transformed cell.

[0037] Thepresent invention provides methods ofusing the
markers described herein in diagnosis of cancer. classifica-
tion and treatment of leukemic and pre-leukemic conditions
according to expression profiles. The methods are useful for
detecting AMLSC, facilitating diagnosis of AML and the
severity of the cancer (e.g., tumor grade, tumor burden, and
the like) in a subject, facilitating a determination of the prog-
nosis of a subject, and assessing the responsiveness of the
subject to therapy. The detection methods of the invention can
be conducted in vitro or in vivo, on isolated cells, or in whole
tissues or a bodily fluid. e.g., blood, lymph node biopsy
samples, and the like.

[0038] As used herein, the terms “a gene that is differen-
tially expressed in a cancer stem cell,” and “a polynucleotide
that is differentially expressed in a cancer stem cell”, are used
interchangeably herein, and generally refer to a polynucle-
otide that represents or corresponds to a gene that is differen-
tially expressed in a cancer stem cell when compared with a
cell of the same cell type that is not cancerous, e.g., mRNA is
found at levels at least about 25%, at least about 50% to about
75%, at least about 90%, at least about 1.5-fold, at least about
2-fold, at least about 3-fold, at least about 5-fold, at least
about 10-fold, or at least about 50-fold or more, different
(e.g., higher or lower). The comparison can be made between
AMLSC and the normal counterpart cells a human hemato-
poietic stem cell (HSC), which include without limitation
cells having the phenotype Lin"CD34*CD38CD90*; or the
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phenotype Lin"CD34*CD38"CD90*CD45RA™ and a human
hematopoietic multipotent progenitor cell (MPP), which
include without limitation cells having the phenotype Lin~
CD34*CD38-CD907; or the phenotype Lin"CD34*CD38~
CD90"CD45RA™. The term “a polypeptide marker for a can-
cer stem cell” refers to a polypeptide encoded by a
polynucleotide that is differentially expressed in a cancer
stem cell.

[0039] In some embodiments of the invention, the markers
are demonstrated by flow cytometry to be present ona major-
ity of AMLSC, when compared to human HSC or MPP, as
defined above. Such markers include, without limitation,
CD47, CDY6, CD97, TIM3 and CD99.

[0040] In other embodiments of the invention, the markers
are absent on human HSC or human MPP, but are highly
expressed on AMLSC. Such markers include, without limi-
tation, those set forth in Table 1.

[0041] Inother embodiments, the markers are differentially
expressed on AMLSC, as compared to human HSC or MPP.
Such markers include, without limitation, those set forth in
Table 1.

[0042] A polynucleotide or sequence that corresponds to,
or represents a gene means that atleast aportion ofa sequence
of the polynucleotide is present in the gene or in the nucleic
acid gene product (e.g., mRNA or cDNA). A subject nucleic
acid may also be “identified” by a polynucleotide if the poly-
nucleotide corresponds to or represents the gene. Genes iden-
tified by a polynucleotide may have all or a portion of the
identifying sequence wholly present within an exon of a
genomic sequence of the gene, or different portions of the
sequence of the polynucleotide may be present in different
exons (e.g., such that the contiguous polynucleotide sequence
is present in an mRNA, either pre- or post-splicing, that is an
expression product of the gene). An “identifying sequence”is
aminimal fragment of a sequence of contiguous nucleotides
that uniquely identifies or defines a polynucleotide sequence
or its complement.

[0043] The polynucleotide may represent or correspond to
a gene that is modified in a cancer stem cell (CSC) relative to
a normal cell. The gene in the CSC may contain a deletion,
insertion, substitution, or translocation relative to the poly-
nucleotide and may have altered regulatory sequences, or
may encode a splice variant gene product, for example. The
gene in the CSC may be modified by insertion of an endog-
enous retrovirus, a transposable element, or other naturally
occurring or non-naturally occurring nucleic acid.

[0044] Sequences ofinterest include those set forth in Table
1, which are differentially expressed in AMLSC relative to
normal counterpart cells.

[0045] Methods are also provided for optimizing therapy,
by first classification, and based on that information, selecting
the appropriate therapy, dose, treatment modality, etc. which
optimizes the differential between delivery of an anti-prolif-
erative treatment to the undesirable target cells, while mini-
mizing undesirable toxicity. The treatment is optimized by
selection for a treatment that minimizes undesirable toxicity,
while providing for effective anti-proliferative activity.
[0046] The invention finds use in the prevention, treatment,
detection or research of acute myeloid leukemias. Acute leu-
kemias are rapidly progressing leukemia characterized by
replacement of normal bone marrow by blast cells of a clone
arising from malignant transformation of a hematopoietic
stem cell. The acute leukemias include acute lymphoblastic
leukemia (ALL) and acute myelogenous leukemia (AML).
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ALL often involves the CNS, whereas acute monoblastic
leukemia involves the gums, and AML involves localized
collections in any site (granulocytic sarcomas or chloromas).
AML is the most common acute leukemia affecting adults,
and its incidence increases with age. While AML is a rela-
tively rare disease overall, accounting for approximately
1.2% of cancer deaths in the United States, its incidence is
expected to increase as the population ages.

[0047] The presenting symptoms are usually nonspecific
(e.g., fatigue, fever, malaise, weight loss) and reflect the fail-
ure of normal hematopoiesis. Anemia and thrombocytopenia
are very common (75 to 90%). The WBC count may be
decreased, normal, or increased. Blast cells are usually found
in the blood smear unless the WBC count is markedly
decreased. The blasts of ALL can be distinguished from those
of AML by histochemical studies, cytogenetics, immunophe-
notyping, and molecular biology studies. In addition to
smears with the usual stains, terminal transferase, myeloper-
oxidase, Sudan black B, and specific and nonspecific esterase.
[0048] “Diagnosis”as used herein generally includes deter-
mination of a subject’s susceptibility to a disease or disorder,
determination as to whether a subject is presently affected by
a disease or disorder, prognosis of a subject affected by a
disease or disorder (e.g., identification of cancerous states,
stages of cancer, or responsiveness of cancer to therapy), and
use of therametrics (e.g., monitoring a subject’s condition to
provide information as to the effect or efficacy of therapy).
[0049] The term “biological sample” encompasses a vari-
ety of sample types obtained from an organism and can be
used in a diagnostic or monitoring assay. The term encom-
passes blood and other liquid samples of biological origin,
solid tissue samples, such as a biopsy specimen or tissue
cultures or cells derived therefrom and the progeny thereof.
The term encompasses samples that have been manipulated in
any way after their procurement, such as by treatment with
reagents, solubilization, or enrichment for certain compo-
nents. The term encompasses a clinical sample, and also
includes cells in cell culture, cell supernatants, cell lysates,
serum, plasma, biological fluids, and tissue samples.

[0050] The terms “treatment”, “treating”, “treat” and the
like are used herein to generally refer to obtaining a desired
pharmacologic and/or physiologic effect. The effect may be
prophylactic in terms of completely or partially preventing a
disease or symptom thereof and/or may be therapeutic in
terms of a partial or complete stabilization or cure for a
disease and/or adverse effect attributable to the disease.
“Treatment” as used herein covers any treatment of a disease
in a mammal, particularly a human, and includes: (a) prevent-
ing the disease or symptom from occurring in a subject which
may be predisposed to the disease or symptom but has not yet
been diagnosed as having it; (b) inhibiting the disease symp-
tom, i.e., arresting its development; or (c) relieving the dis-
ease symptom, i.e., causing regression of the disease or symp-
om.

[0051] The terms “individual,” “subject,” “host,” and
“patient,” used interchangeably herein and refer to any mam-
malian subject for whom diagnosis, treatment, or therapy is
desired, particularly humans.

[0052] A “hostcell”, as used herein, refers to a microorgan-
ism or a eukaryotic cell or cell line cultured as a unicellular
entity which can be, or has been, used as a recipient for a
recombinant vector or other transfer polynucleotides, and
include the progeny of the original cell which has been trans-
fected. It is understood that the progeny of a single cell may
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not necessarily be completely identical in morphology or in
genomic or total DNA complement as the original parent, due
to natural, accidental, or deliberate mutation.

[0053] The terms “cancer”, “neoplasm”, “tumor”, and
“carcinoma”, are used interchangeably herein to refer to cells
which exhibit relatively autonomous growth, so that they
exhibit an aberrant growth phenotype characterized by a sig-
nificant loss of control of cell proliferation. In general, cells of
interest for detection or treatment in the present application
include precancerous (e.g., benign), malignant, pre-meta-
static, metastatic, and non-metastatic cells. Detection of can-
cerous cells is of particular interest. The term “normal” as
used in the context of “normal cell,” is meant to refer to a cell
of an untransformed phenotype or exhibiting a morphology
of a non-transformed cell of the tissue type being examined.
“Cancerous phenotype” generally refers to any of a variety of
biological phenomena that are characteristic of a cancerous
cell, which phenomena can vary with the type of cancer. The
cancerous phenotype is generally identified by abnormalities
in, for example, cell growth or proliferation (e.g., uncon-
trolled growth or proliferation), regulation of the cell cycle,
cell mobility, cell-cell interaction, or metastasis, etc.

[0054] “Therapeutic target” refers to a gene or gene product
that, upon modulation of its activity (e.g., by modulation of
expression, biological activity, and the like), can provide for
modulation of the cancerous phenotype. As used throughout,
“modulation” is meant to refer to an increase or a decrease in
the indicated phenomenon (e.g., modulation of a biological
activity refers to an increase in a biological activity or a
decrease in a biological activity).

Acute Myeloid Leukemia

[0055] Acute Myelocytic Leukemia (AML, Acute Myelog-
enous Leukemia; Acute Myeloid Leukemia). In AML, malig-
nant transformation and uncontrolled proliferation of an
abnormally differentiated, long-lived myeloid progenitor cell
results in high circulating numbers of immature blood forms
and replacement of normal marrow by malignant cells.
Symptoms include fatigue, pallor, easy bruising and bleed-
ing, fever, and infection; symptoms of leukemic infiltration
are present in only about 5% of patients (often as skin mani-
festations). Examination of peripheral blood smear and bone
marrow is diagnostic. Treatment includes induction chemo-
therapy to achieve remission and post-remission chemo-
therapy (with or without stem cell transplantation) to avoid
relapse.

[0056] AML has a number of subtypes that are distin-
guished from each other by morphology, immunophenotype,
and cytochemistry. Five classes are described, based on pre-
dominant cell type, including myeloid, myeloid-monocytic,
monocytic, erythroid, and megakaryocytic. Acute promyelo-
cytic leukemia is a particularly important subtype, represent-
ing 10 to 15% of all cases of AML, striking a younger age
group (median age 31 yr) and particular ethnicity (Hispanics),
in which the patient commonly presents with a coagulation
disorder.

[0057] Remission induction rates range from 50 to 85%.
Long-term disease-free survival reportedly occurs in 20 to
40% of patients and increases to 40 to 50% in younger
patients treated with stem cell transplantation.

[0058] Prognostic factors help determine treatment proto-
col and intensity; patients with strongly negative prognostic
features are usually given more intense forms of therapy,
because the potential benefits are thought to justify the
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increased treatment toxicity. The most important prognostic
factor is the leukemia cell karyotype; favorable karyotypes
include t(15;17), t(8;21), and inv16 (p13;q22). Negative fac-
tors include increasing age, a preceding myelodysplastic
phase, secondary leukemia, high WBC count, and absence of
Auer rods. The FAB or WHO classification alone does not
predict response.

[0059] Initial therapy attempts to induce remission and dif-
fers most from ALL inthat AML responds to fewer drugs. The
basic induction regimen includes cytarabine by continuous
IV infusion or high doses for 5 to 7 days; daunorubicin or
idarubicin is given IV for 3 days during this time. Some
regimens include 6-thioguanine, etoposide, vincristine, and
prednisone, but their contribution is unclear. Treatment usu-
ally results in significant myelosuppression, with infection or
bleeding; there is significant latency before marrow recovery.
During this time, meticulous preventive and supportive care is
vital.

Polypeptide and Polynucleotide Sequences and
Antibodies

[0060] The invention provides polynucleotides and
polypeptides that represent genes that are differentially
expressed in human AMLSC. These polynucleotides,
polypeptides and fragments thereof have uses that include,
but are not limited to, diagnostic probes and primers as start-
ing materials for probes and primers, as immunogens for
antibodies useful in cancer diagnosis and therapy, and the like
as discussed herein.

[0061] Nucleic acid compositions include fragments and
primers, and are at least about 15 by in length, at least about
30 by in length, at least about 50 by in length, at least about
100 bp, at least about 200 by in length, at least about 300 by
in length, at least about 500 by in length, at least about 800 by
in length, at least about 1 kb in length, at least about 2.0 kb in
length, at least about 3.0 kb in length, at least about 5 kb in
length, at least about 10 kb in length, at least about 50 kb in
length and are usually less than about 200 kb in length. In
some embodiments, a fragment of a polynucleotide is the
coding sequence of a polynucleotide. Also included are vari-
ants or degenerate variants of a sequence provided herein. In
general, variants of a polynucleotide provided herein have a
fragment of sequence identity that is greater than at least
about 65%, greater than at least about 70%, greater than at
least about 75%, greater than at least about 80%, greater than
at least about 85%, or greater than at least about 90%, 95%,
96%, 97%, 98%, 99% or more (i.e. 100%) as compared to an
identically sized fragment of a provided sequence. as deter-
mined by the Smith-Waterman homology search algorithm as
implemented in MPSRCH program (Oxford Molecular).
Nucleic acids having sequence similarity can be detected by
hybridization under low stringency conditions, for example,
at 50° C. and 10xSSC (0.9 M saline/0.09 M sodium citrate)
and remain bound when subjected to washing at 55° C. in
IxSSC. Sequence identity can be determined by hybridiza-
tion under high stringency conditions, for example, at 50° C.
or higher and 0.1xSSC (9 mM saline/0.9 mM sodium citrate).
Hybridization methods and conditions are well known in the
art, see, e.g., U.S. Pat. No. 5,707,829. Nucleic acids that are
substantially identical to the provided polynucleotide
sequences, e.g. allelic variants, genetically altered versions of
the gene, etc., bind to the provided polynucleotide sequences
under stringent hybridization conditions.
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[0062] Probes specific to the polynucleotides described
herein can be generated using the polynucleotide sequences
disclosed herein. The probes are usually a fragment of a
polynucleotide sequences provided herein. The probes can be
synthesized chemically or can be generated from longer poly-
nucleotides using restriction enzymes. The probes can be
labeled, for example, with a radioactive, biotinylated, or fluo-
rescent tag. Preferably, probes are designed based upon an
identifying sequence of any one of the polynucleotide
sequences provided herein.

[0063] The nucleic acid compositions described herein can
be used to, for example, produce polypeptides, as probes for
the detection of mRNA in biological samples (e.g., extracts of
human cells) or cDNA produced from such samples, to gen-
erate additional copies of the polynucleotides, to generate
ribozymes or antisense oligonucleotides, and as single
stranded DNA probes or as triple-strand forming oligonucle-
otides.

[0064] The probes described herein can be used to, for
example, determine the presence or absence of any one of the
polynucleotide provided herein or variants thereof in a
sample. These and other uses are described in more detail
below. In one embodiment, real time PCR analysis is used to
analyze gene expression.

[0065] The polypeptides contemplated by the invention
include those encoded by the disclosed polynucleotides and
the genes to which these polynucleotides correspond, as well
as nucleic acids that, by virtue of the degeneracy of the
genetic code, are not identical in sequence to the disclosed
polynucleotides. Further polypeptides contemplated by the
invention include polypeptides that are encoded by poly-
nucleotides that hybridize to polynucleotide of the sequence
listing. Thus, the invention includes within its scope a
polypeptide encoded by a polynucleotide having the
sequence of any one of the polynucleotide sequences pro-
vided herein, or a variant thereof.

[0066] In general, the term “polypeptide” as used herein
refers to both the full length polypeptide encoded by the
recited polynucleotide, the polypeptide encoded by the gene
represented by the recited polynucleotide, as well as portions
or fragments thereof. “Polypeptides” also includes variants of
the naturally occurring proteins, where such variants are
homologous or substantially similar to the naturally occur-
ring protein, and can be of an origin of the same or different
species as the naturally occurring protein. In general, variant
polypeptides have a sequence that has at least about 80%,
usually at least about 90%, and more usually at least about
98% sequence identity with a differentially expressed
polypeptide described herein. The variant polypeptides can
be naturally or non-naturally glycosylated, i.e., the polypep-
tide has a glycosylation pattern that differs from the glycosy-
lation pattern found in the corresponding naturally occurring
protein.

[0067] Fragments of the polypeptides disclosed herein,
particularly biologically active fragments and/or fragments
corresponding to functional domains, are of interest. Frag-
ments of interest will typically be at least about 10 aa to at
least about 15 aa in length, usually at least about 50 aa in
length, and can be as long as 300 aa in length or longer, but
will usually not exceed about 1000 aa in length, where the
fragment will have a stretch of amino acids that is identical to
apolypeptide encoded by a polynucleotide having a sequence
of any one of the polynucleotide sequences provided herein,
orahomolog thereof. A fragment “at least 20 aa in length,” for
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example, is intended to include 20 or more contiguous amino
acids from, for example, the polypeptide encoded by a cDNA,
in a cDNA clone contained in a deposited library or the
complementary stand thereof. In this context “about”
includes the particularly recited value or a value larger or
smaller by several (5, 4, 3, 2, or 1) amino acids. The protein
variants described herein are encoded by polynucleotides that
are within the scope of the invention. The genetic code can be
used to select the appropriate codons to construct the corre-
sponding variants. The polynucleotides may be used to pro-
duce polypeptides, and these polypeptides may be used to
produce antibodies by known methods described above and
below.

[0068] A polypeptide ofthisinvention canbe recovered and
purified from recombinant cell cultures by well-known meth-
ods including ammonium sulfate or ethancl precipitation,
acid extraction, anion or cation exchange chromatography,
phosphocellulose chromatography, hydrophobic interaction
chromatography, affinity chromatography, hydroxylapatite
chromatography and lectin chromatography. Most prefer-
ably. high performance liquid chromatography (“HPLC”) is
employed for purification.

[0069] Polypeptides can also be recovered from: products
purified from natural sources, including bodily fluids, tissues
and cells, whether directly isolated or cultured; products of
chemical synthetic procedures; and products produced by
recombinant techniques from a prokaryotic or eukaryotic
host, including, for example, bacterial, yeast higher plant,
insect, and mammalian cells.

[0070] Gene products, including polypeptides, mRNA
(particularly mRNAs having distinct secondary and/or ter-
tiary structures), cDNA, or complete gene, can be prepared
and used for raising antibodies for experimental, diagnostic,
and therapeutic purposes. Antibodies may be used to identify
AMLSC cells or subtypes. The polynucleotide or related
¢DNA is expressed as described herein, and antibodies are
prepared. These antibodies are specific to an epitope on the
polypeptide encoded by the polynucleotide, and can precipi-
tate or bind to the corresponding native protein in a cell or
tissue preparation or in a cell-free extract of anin vitro expres-
sion system.

[0071] The antibodies may be utilized for immunopheno-
typing of cells and biological samples. The translation prod-
uct of a differentially expressed gene may be useful as a
marker. Monoclonal antibodies directed against a specific
epitope, or combination of epitopes, will allow for the screen-
ing of cellular populations expressing the marker. Various
techniques can be utilized using monoclonal antibodies to
screen for cellular populations expressing the marker(s), and
include magnetic separation using antibody-coated magnetic
beads, “panning” with antibody attached to a solid matrix
(i.e., plate), and flow cytometry (See, e.g., U.S. Pat. No.
5,985,660; and Morrison et al. Cell, 96:737-49 (1999)). These
techniques allow for the screening of particular populations
of cells; in immunohistochemistry of biopsy samples; in
detecting the presence of markers shed by cancer cells into the
blood and other biologic fluids, and the like.

[0072] In many embodiments, the levels of a subject gene
or gene product are measured. By measured is meant quali-
tatively or quantitatively estimating the level of the gene
product in a first biological sample either directly (e.g. by
determining or estimating absolute levels of gene product) or
relatively by comparing the levels to a second control bio-
logical sample. In many embodiments the second control
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biological sample is obtained from an individual not having
cancer. As will be appreciated in the art, once a standard
control level of gene expression is known, it can be used
repeatedly as a standard for comparison. Other control
samples include samples of cancerous tissue.

[0073] The methods can be used to detect and/or measure
mRNA levels of a gene that is differentially expressed in a
cancer cell. In some embodiments, the methods comprise:
contacting a sample with a polynucleotide that corresponds to
a differentially expressed gene described herein under condi-
tions that allow hybridization; and detecting hybridization, if
any. Detection of differential hybridization, when compared
to a suitable control, is an indication of the presence in the
sample of a polynucleotide that is differentially expressed in
a cancer cell. Appropriate controls include, for example, a
sample that is known not to contain a polynucleotide that is
differentially expressed ina cancer cell. Conditions that allow
hybridization are known in the art, and have been described in
more detail above.

[0074] Detection can also be accomplished by any known
method, including, but not limited to, in situ hybridization,
PCR (polymerase chain reaction), RT-PCR (reverse tran-
scription-PCR), and “Northern” or RNA blotting, arrays,
microarrays, etc, or combinations of such techniques, using a
suitably labeled polynucleotide. A variety of labels and label-
ing methods for polynucleotides are known in the art and can
be used in the assay methods of the invention. Specific
hybridization can be determined by comparison to appropri-
ate controls.

[0075] Labeled nucleic acid probes may be used to detect
expression of a gene corresponding to the provided poly-
nucleotide, e.g. in a macroarray format, Northern blot, etc.
The amount of hybridization can be quantitated to determine
relative amounts of expression, for example under a particular
condition. Probes are used for in situ hybridization to cells to
detect expression. Probes can also be used in vivo for diag-
nostic detection of hybridizing sequences. Probes may be
labeled with a radioactive isotope. Other types of detectable
labels can be used such as chromophores, fluorophores, and
enzymes.

[0076] Polynucleotide arrays provide a high throughput
technique that can assay a large number of polynucleotides or
polypeptides in a sample. This technology can be used as a
tool to test for differential expression. A variety of methods of
producing arrays, as well as variations of these methods, are
known in the art and contemplated for use in the invention.
For example, arrays can be created by spotting polynucle-
otide probes onto a substrate (e.g., glass, nitrocellulose, etc.)
in a two-dimensional matrix or array having bound probes.
The probes can be bound to the substrate by either covalent
bonds or by non-specific interactions, such as hydrophobic
interactions.

Characterization of Acute Myeloid Leukemia Stem
Cells

[0077] In acute myeloid leukemias, characterization of
cancer stem cells allows for the development of new treat-
ments that are specifically targeted against this critical popu-
lation of cells, particularly their ability to self-renew, result-
ing in more effective therapies.

[0078] In human acute myeloid leukemias it is shown
herein that there is a subpopulation of tumorigenic cancer
cells with both self-renewal and differentiation capacity.
These umorigenic cells are responsible for tumor mainte-
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nance, and also give rise to large numbers of abnormally
differentiating progeny that are not tumorigenic, thus meeting
the criteria of cancer stem cells. Tumorigenic potential is
contained within a subpopulation of cancer cells differen-
tially expressing the markers of the present invention.
[0079] In some embodiments of the invention, the number
of AMLSC in a patient sample is determined relative to the
total number of AML cancer cells, where a greater percentage
of AMLSC is indicative of the potential for continued self-
renewal of cells with the cancer phenotype. The quantitation
of AMLSC in a patient sample may be compared to a refer-
ence population, e.g. a patient sample such as a blood sample,
a remission patient sample, etc. In some embodiments, the
quantitation of AMLSC is performed during the course of
treatment, where the number of AML cancer cells and the
percentage of such cells that are AMLSC are quantitated
before, during and as follow-up to a course of therapy. Desir-
ably, therapy targeted to cancer stem cells results in a decrease
in the total number, and/or percentage of AMLSC in a patient
sample.

[0080] In other embodiments of the invention, anti-cancer
agents are targeted to AMLSC by specific binding to a marker
or combination of markers of the present invention. In such
embodiments, the anti-cancer agents include antibodies and
antigen-binding derivatives thereof specific for a marker or
combination of markers of the present invention, which are
optionally conjugated to a cytotoxic moiety. Depletion of
AMLSC is useful in the treatment of AML. Depletion
achieves a reduction in circulating AMLSC by up to about
30%, or up to about 40%, or up to about 50%, or up to about
75% or more. Depletion can be achieved by using a an agent
10 deplete AMLSC either in vivo or ex vivo.

[0081] The AMLSC are identified by their phenotype with
respect to particular markers, and/or by their functional phe-
notype. In some embodiments, the AMLSC are identified
and/orisolated by binding to the cell with reagents specific for
the markers of interest. The cells to be analyzed may be viable
cells, or may be fixed or embedded cells.

[0082] In some embodiments, the reagents specific for the
markers of interest are antibodies, which may be directly or
indirectly labeled. Such antibodies will usually include anti-
bodies specific for a marker or combination of markers of the
present invention.

Treatment of Cancer

[0083] The invention further provides methods for reduc-
ing growth of cancer cells. The methods provide for decreas-
ing the number of cancer cells bearing a specific marker or
combination of markers, as provided herein, decreasing
expression of a gene that is differentially expressed in a can-
cer cell, or decreasing the level of and/or decreasing an activ-
ity of a cancer-associated polypeptide. In general, the meth-
ods comprise contacting a cancer cell with a binding agent,
e.g. an antibody or ligand specific for a marker or combina-
tion of markers provided herein.

[0084] “Reducing growth of cancer cells” includes, but is
not limited to, reducing proliferation of cancer cells, and
reducing the incidence of a non-cancerous cell becoming a
cancerous cell. Whether a reduction in cancer cell growth has
been achieved can be readily determined using any known
assay, including, but not limited to, [*H]-thymidine incorpo-
ration; counting cell number over a period of time; detecting
and/or measuring a marker associated with AML, etc.
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[0085] The present invention provides methods for treating
cancer, generally comprising administering to an individual
in need thereof a substance that reduces cancer cell growth, in
anamount sufficient to reduce cancer cell growth and treat the
cancer. Whether a substance, or a specific amount of the
substance, is effective in treating cancer can be assessed using
any of'a variety ofknown diagnostic assays for cancer, includ-
ing, but not limited to biopsy, contrast radiographic studies,
CAT scan, and detection of a tumor marker associated with
cancer in the blood of the individual. The substance can be
administered systemically or locally, usually systemically.
[0086] A substance, e.g. a chemotherapeutic drug that
reduces cancer cell growth, can be targeted to a cancer cell.
Thus, in some embodiments, the invention provides a method
of delivering a drug to a cancer cell, comprising administering
adrug-antibody complex to a subject, wherein the antibody is
specific for a cancer-associated polypeptide, and the drug is
one that reduces cancer cell growth, a variety of which are
known in the art. Targeting can be accomplished by coupling
(e.g., linking, directly or via a linker molecule, either
covalently or non-covalently, so as to form a drug-antibody
complex) a drug to an antibody specific for a cancer-associ-
ated polypeptide. Methods of coupling a drug to an antibody
are well known in the art and need not be elaborated upon
herein.

Staging and Diagnosis

[0087] Acute myeloid leukemias are staged by analysis of
the presence of cancer stem cells. Staging is useful for prog-
nosis and treatment. In one embodiment of the invention, a
sample from an acute myeloid leukemia patient is stained
with reagents specific for amarker or combination of markers
of the present invention. The analysis of staining patterns
provides the relative distribution of AMLSC, which distribu-
tion predicts the stage of leukemia. In some embodiments, the
sample is analyzed by histochemistry, including immunohis-
tochemistry, in situ hybridization, and the like, for the pres-
ence of CD34*CD38~ cells that express a marker or combi-
nation of markers of the present invention. The presence of
such cells indicates the presence of AMLSC.

[0088] Inoneembodiment, the patient sample is compared
to a control, or a standard test value. In another embodiment,
the patient sample is compared to a pre-leukemia sample, or
to one or more time points through the course of the disease.
[0089] Samples, including tissue sections, slides, etc. con-
taining an acute myeloid leukemia tissue, are stained with
reagents specific for markers that indicate the presence of
cancer stem cells. Samples may be frozen, embedded, present
in a tissue microarray, and the like. The reagents, e.g. anti-
bodies, polynucleotide probes, etc. may be detectably
labeled, or may be indirectly labeled in the staining proce-
dure. The data provided herein demonstrate that the number
and distribution of progenitor cells is diagnostic of the stage
of the leukemia.

[0090] The information thus derived is useful in prognosis
and diagnosis, including susceptibility to acceleration of dis-
ease, status of a diseased state and response to changes in the
environment, such as the passage of time, treatment with
drugs or other modalities. The cells can also be classified as to
their ability to respond to therapeutic agents and treatments,
isolated for research purposes, screened for gene expression,
and the like. The clinical samples can be further characterized
by genetic analysis, proteomics, cell surface staining, or other
means, in order to determine the presence of markers that are
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useful in classification. For example, genetic abnormalities
can be causative of disease susceptibility or drug responsive-
ness, or can be linked to such phenotypes.

Differential Cell Analysis

[0091] The presence of AMLSC in a patient sample can be
indicative of the stage of the leukemia. In addition, detection
of AMLSC can be used to monitor response to therapy and to
aid in prognosis. The presence of AMLSC can be determined
by quantitating the cells having the phenotype of the stem
cell. In addition to cell surface phenotyping, it may be useful
to quantitate the cells in a sample that have a “stem cell”
character, which may be determined by functional criteria,
such as the ability to self-renew, to give rise to tumors in vivo,
e.g. in a xenograft model, and the like.

[0092] Clinical samples for use in the methods of the inven-
tion may be obtained from a variety of sources, particularly
blood, although in some instances samples such as bone
marrow, lymph, cerebrospinal fluid, synovial fluid, and the
like may be used. Such samples can be separated by centrifu-
gation, elutriation, density gradient separation, apheresis,
affinity selection, panning, FACS, centrifugation with
Hypaque, etc. prior to analysis, and usually a mononuclear
fraction (PBMC) will be used. Once a sample is obtained, it
can be used directly, frozen, or maintained in appropriate
culture medium for short periods of time. Various media can
be employed to maintain cells. The samples may be obtained
by any convenient procedure, such as the drawing of blood,
venipuncture, biopsy, or the like. Usually a sample will com-
prise at least about 107 cells, more usually at least about 10°
cells, and preferable 10%, 10° or more cells. Typically the
samples will be from human patients, although animal mod-
els may find use, e.g. equine, bovine, porcine, canine, feline,
rodent, e.g. mice, rats, hamster, primate, etc.

[0093] An appropriate solution may be used for dispersion
or suspension of the cell sample. Such solution will generally
be a balanced salt solution, e.g. normal saline, PBS, Hank’s
balanced salt solution, etc., conveniently supplemented with
fetal calf serum or other naturally occurring factors, in con-
Junction with an acceptable buffer at low concentration, gen-
erally from 5-25 mM. Convenient buffers include HEPES,
phosphate buffers, lactate buffers, etc.

[0094] Analysis of the cell staining will use conventional
methods. Techniques providing accurate enumeration
include fluorescence activated cell sorters, which can have
varying degrees of sophistication, such as multiple color
channels, low angle and obtuse light scattering detecting
channels, impedance channels, etc. The cells may be selected
against dead cells by employing dyes associated with dead
cells (e.g. propidium iodide).

[0095] The affinity reagents may be specific receptors or
ligands for the cell surface molecules indicated above. In
addition to antibody reagents, peptide-MHC antigen and T
cell receptor pairs may be used; peptide ligands and receptors;
effector and receptor molecules, and the like. Antibodies and
T cell receptors may be monoclonal or polyclonal, and may
be produced by transgenic animals, immunized animals,
immortalized human or animal B-cells, cells transfected with
DNA vectors encoding the antibody or T cell receptor, etc.
The details of the preparation of antibodies and their suitabil-
ity for use as specific binding members are well-known to
those skilled in the art.

[0096] Of particular interest is the use of antibodies as
affinity reagents. Conveniently, these antibodies are conju-
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gated with a label for use in separation. Labels include mag-
netic beads, which allow for direct separation, biotin, which
can be removed with avidin or streptavidin bound to a sup-
port, fluorochromes, which can be used with a fluorescence
activated cell sorter, or the like, to allow for ease of separation
of the particular cell type. Fluorochromes that find use
include phycobiliproteins, e.g. phycoerythrin and allophyco-
cyanins, fluorescein and Texas red. Frequently each antibody
is labeled with a different fluorochrome, to permit indepen-
dent sorting for each marker.

[0097] The antibodies are added to a suspension of cells,
and incubated for a period of time sufficient to bind the
available cell surface antigens. The incubation will usually be
at least about 5 minutes and usually less than about 30 min-
utes. It is desirable to have a sufficient concentration of anti-
bodies in the reaction mixture, such that the efficiency of the
separation is not limited by lack of antibody. The appropriate
concentration is determined by titration. The medium in
which the cells are separated will be any medium that main-
tains the viability of the cells. A preferred medium is phos-
phate buffered saline containing from 0.1 to 0.5% BSA. Vari-
ous media are commercially available and may be used
according to the nature of the cells, including Dulbecco’s
Modified Eagle Medium (dMEM), Hank’s Basic Salt Solu-
tion (HBSS), Dulbecco’s phosphate buffered saline (dPBS),
RPMI, Iscove’s medium, PBS with 5 mM EDTA, etc., fre-
quently supplemented with fetal calf serum, BSA, HSA, etc.

[0098] The labeled cells are then quantitated as to the
expression of cell surface markers as previously described.

[0099] The comparison of a differential progenitor analysis
obtained from a patient sample, and a reference differential
progenitor analysis is accomplished by the use of suitable
deduction protocols, Al systems, statistical comparisons, etc.
A comparison with a reference differential progenitor analy-
sis from normal cells, cells from similarly diseased tissue, and
the like, can provide an indication of the disease staging. A
database of reference differential progenitor analyses can be
compiled. An analysis of particular interest tracks a patient,
e.g. in the chronic and pre-leukemic stages of disease, such
that acceleration of disease is observed at an early stage. The
methods of the invention provide detection of acceleration
prior to onset of clinical symptoms, and therefore allow early
therapeutic intervention, e.g. initiation of chemotherapy,
increase of chemotherapy dose, changing selection of che-
motherapeutic drug, and the like.

AMLSC Compositions

[0100] AMLSC may be separated from a complex mixture
of cells by techniques that enrich for cells that differentially
express a marker or combination of markers of the present
invention. For isolation of cells from tissue, an appropriate
solution may be used for dispersion or suspension. Such
solution will generally be a balanced salt solution, e.g. normal
saline, PBS, Hank’s balanced salt solution, etc., conveniently
supplemented with fetal calf serum or other naturally occur-
ring factors, in conjunction with an acceptable buffer at low
concentration, generally from 5-25 mM. Convenient buffers
include HEPES, phosphate buffers, lactate buffers, etc.

[0101] The separated cells may be collected in any appro-
priate medium that maintains the viability ofthe cells, usually
having a cushion of serum at the bottom of the collection tube.
Various media are commercially available and may be used
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according to the nature of the cells, including AIMEM, HBSS,
dPBS, RPMI, Iscove’s medium, etc., frequently supple-
mented with fetal calf serum.

[0102] Compositions highly enriched for AMLSC are
achieved in this manner. The subject population may be at or
about 50% or more of the cell composition, and preferably be
at or about 75% or more of the cell composition, and may be
90% or more. The desired cells are identified by their surface
phenotype, by the ability to self-renew, ability to form
tumors, etc. The enriched cell population may be used imme-
diately, or may be frozen at liquid nitrogen temperatures and
stored for long periods of time, being thawed and capable of
being reused. The cells may be stored in 10% DMSO, 90%
FCS medium. The population of cells enriched for AMLSC
may be used in a variety of screening assays and cultures, as
described below.

[0103] The enriched AMLSC population may be grown in
vitro under various culture conditions. Culture medium may
be liquid or semi-solid, e.g. containing agar, methylcellulose,
etc. The cell population may be conveniently suspended in an
appropriate nutrient medium, such as Iscove’s modified
DMEM or RPMI-1640, normally supplemented with fetal
calf serum (about 5-10%), L-glutamine, a thiol, particularly
2-mercaptoethanol, and antibiotics, e.g. penicillin and strep-
tomycin.

[0104] The culture may contain growth factors to which the
cells are responsive. Growth factors, as defined herein, are
molecules capable of promoting survival, growth and/or dif-
ferentiation of cells, either in culture or in the intact tissue,
through specific effects ona transmembrane receptor. Growth
factors include polypeptides and non-polypeptide factors. A
wide variety of growth factors may be used in culturing the
cells, e.g. LIF, steel factor (c-kit ligand), EGF, insulin, IGF,
Flk-2 ligand, 1L-11, IL-3, GM-CSF, erythropoietin, throm-
bopoietin, etc

[0105] In addition to, or instead of growth factors, the sub-
ject cells may be grown in a co-culture with fibroblasts, stro-
mal or other feeder layer cells. Stromal cells suitable for use
in the growth of hematopoietic cells are known in the art.
These include bone marrow stroma as used in “Whitlock-
Witte” (Whitlock et al. [1985] Annu Rev Immunol 3:213-235)
or “Dexter” culture conditions (Dexter et al. [1977] J Exp
Med 145:1612-1616); and heterogeneous thymic stromal
cells.

Screening Assays

[0106] AMILSC expressing a marker or combination of
markers of the present invention are also useful for in vitro
assays and screening to detect factors and chemotherapeutic
agents that are active on cancer stem cells. Of particular
interest are screening assays for agents that are active on
human cells. A wide variety of assays may be used for this
purpose, including immunoassays for protein binding; deter-
mination of cell growth, differentiation and functional activ-
ity; production of factors; and the like. In other embodiments,
isolated polypeptides corresponding to a marker or combina-
tion of markers of the present invention are useful in drug
screening assays.

[0107] In screening assays for biologically active agents,
anti-proliferative drugs, etc. the marker or AMLSC compo-
sition is contacted with the agent of interest, and the effect of
the agent assessed by monitoring output parameters on cells,
such as expression of markers, cell viability, and the like; or
binding efficacy or effect on enzymatic or receptor activity for
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polypeptides. The cells may be freshly isolated, cultured,
genetically altered, and the like. The cells may be environ-
mentally induced variants of clonal cultures: e.g. split into
independent cultures and grown under distinct conditions, for
example with or without drugs; in the presence or absence of
cytokines or combinations thereof. The manner in which cells
respond to an agent, particularly a pharmacologic agent,
including the timing of responses, is an important reflection
of the physiologic state of the cell.

[0108] Parameters are quantifiable components of cells,
particularly components that can be accurately measured,
desirably in a high throughput system. A parameter can be
any cell component or cell product including cell surface
determinant, receptor, protein or conformational or posttrans-
lational modification thereof, lipid. carbohydrate, organic or
inorganic molecule, nucleic acid, e.g. mRNA, DNA, etc. or a
portion derived from such a cell component or combinations
thereof. While most parameters will provide a quantitative
readout, in some instances a semi-quantitative or qualitative
result will be acceptable. Readouts may include a single
determined value, or may include mean, median value or the
variance, etc. Characteristically a range of parameter readout
values will be obtained for each parameter from a multiplicity
of the same assays. Variability is expected and a range of
values for each of the set of test parameters will be obtained
using standard statistical methods with a common statistical
method used to provide single values.

[0109] Agents of interest for screening include known and
unknown compounds that encompass numerous chemical
classes, primarily organic molecules, which may include
organometallic molecules, inorganic molecules, genetic
sequences, etc. An important aspect of the invention is to
evaluate candidate drugs, including toxicity testing; and the
like.

[0110] In addition to complex biological agents candidate
agents include organic molecules comprising functional
groups necessary for structural interactions, particularly
hydrogen bonding, and typically include at least an amine,
carbonyl, hydroxyl or carboxy! group, frequently at least two
ofthe functional chemical groups. The candidate agents often
comprise cyclical carbon or heterocyclic structures and/or
aromatic or polyaromatic structures substituted with one or
more of the above functional groups. Candidate agents are
also found among biomolecules, including peptides, poly-
nucleotides, saccharides, fatty acids, steroids, purines, pyri-
midines, derivatives, structural analogs or combinations
thereof.

[0111] Included are pharmacologically active drugs,
genetically active molecules, etc. Compounds of interest
include chemotherapeutic agents, hormones or hormone
antagonists, etc. Exemplary of pharmaceutical agents suit-
able for this invention are those described in, “The Pharma-
cological Basis of Therapeutics,” Goodman and Gilman,
McGraw-Hill, New York, N.Y., (1996), Ninth edition, under
the sections: Water, Salts and Ions; Drugs Affecting Renal
Function and Electrolyte Metabolism; Drugs Affecting Gas-
trointestinal Function; Chemotherapy of Microbial Diseases;
Chemotherapy of Neoplastic Diseases; Drugs Acting on
Blood-Forming organs; Hormones and Hormone Antago-
nists; Vitamins, Dermatology; and Toxicology, all incorpo-
rated herein by reference. Also included are toxins, and bio-
logical and chemical warfare agents, for example see Somani,
S. M. (Ed.), “Chemical Warfare Agents.” Academic Press,
New York, 1992).
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[0112] Test compounds include all of the classes of mol-
ecules described above, and may further comprise samples of
unknown content. Of interest are complex mixtures of natu-
rally occurring compounds derived from natural sources such
as plants. While many samples will comprise compounds in
solution, solid samples that can be dissolved in a suitable
solvent may also be assayed. Samples of interest include
environmental samples, e.g. ground water, sea water, mining
waste, etc.; biological samples, e.g. lysates prepared from
crops, tissue samples, etc.; manufacturing samples, e.g. time
course during preparation of pharmaceuticals; as well as
libraries of compounds prepared for analysis; and the like.
Samples of interest include compounds being assessed for
potential therapeutic value, i.e. drug candidates.

[0113] The term “samples” also includes the fluids
described above to which additional components have been
added, for example components that affect the ionic strength,
pH, total protein concentration, etc. In addition, the samples
may be treated to achieve at least partial fractionation or
concentration. Biological samples may be stored if care is
taken to reduce degradation of the compound, e.g. under
nitrogen, frozen, or a combination thereof. The volume of
sample used is sufficient to allow for measurable detection,
usually from about 0.1 to 1 ml of a biological sample is
sufficient.

[0114] Compounds, including candidate agents, are
obtained from a wide variety of sources including libraries of
synthetic or natural compounds. For example, numerous
means are available for random and directed synthesis of a
wide variety of organic compounds, including biomolecules,
including expression of randomized oligonucleotides and oli-
gopeptides. Alternatively, libraries of natural compounds in
the form of bacterial, fungal, plant and animal extracts are
available or readily produced. Additionally, natural or syn-
thetically produced libraries and compounds are readily
modified through conventional chemical, physical and bio-
chemical means, and may be used to produce combinatorial
libraries. Known pharmacological agents may be subjected to
directed or random chemical modifications, such as acyla-
tion, alkylation, esterification, amidification, etc. to produce
structural analogs.

[0115] Agents are screened for biological activity by add-
ing the agent to at least one and usually a plurality of cell
samples, usually in conjunction with cells lacking the agent.
The change in parameters in response to the agent is mea-
sured, and the result evaluated by comparison to reference
cultures, e.g. in the presence and absence of the agent,
obtained with other agents, etc.

[0116] The agents are conveniently added in solution, or
readily soluble form, to the medium of cells in culture. The
agents may be added in a flow-through system, as a stream,
intermittent or continuous, or alternatively, adding a bolus of
the compound, singly or incrementally, to an otherwise static
solution. In a flow-through system, two fluids are used. where
one is a physiologically neutral solution, and the other is the
same solution with the test compound added. The first fluid is
passed over the cells, followed by the second. In a single
solution method, a bolus of the test compound is added to the
volume of medium surrounding the cells. The overall concen-
trations of the components of the culture medium should not
change significantly with the addition of the bolus, or
between the two solutions in a flow through method.

[0117] Preferred agent formulations do not include addi-
tional components, such as preservatives, that may have a

Jan. 20, 2011

significant effect on the overall formulation. Thus preferred
formulations consist essentially of a biologically active com-
pound and a physiologically acceptable carrier, e.g. watet,
ethanol, DMSO, etc. However, if a compound is liquid with-
out a solvent, the formulation may consist essentially of the
compound itself.

[0118] A plurality of assays may be run in parallel with
different agent concentrations to obtain a differential
response to the various concentrations. As known in the art,
determining the effective concentration of an agent typically
uses a range of concentrations resulting from 1:10, or other
log scale, dilutions. The concentrations may be further
refined with a second series of dilutions, if necessary. Typi-
cally, one of these concentrations serves as a negative control,
1.e. at zero concentration or below the level of detection of the
agent or at or below the concentration of agent that does not
give a detectable change in the phenotype.

[0119] Various methods can be utilized for quantifying the
presence of the selected markers. For measuring the amount
of a molecule that is present, a convenient method is to label
a molecule with a detectable moiety, which may be fluores-
cent, luminescent, radioactive, enzymatically active, etc.,
particularly a molecule specific for binding to the parameter
with high affinity. Fluorescent moieties are readily available
for labeling virtually any biomolecule, structure, or cell type.
Immunofluorescent moieties can be directed to bind not only
to specific proteins but also specific conformations, cleavage
products, or site modifications like phosphorylation. Indi-
vidual peptides and proteins can be engineered to autofluo-
resce, e.g. by expressing them as green fluorescent protein
chimeras inside cells (for a review see Jones et al. (1999)
Trends Biotechnol. 17(12):477-81). Thus, antibodies can be
genetically modified to provide a fluorescent dye as part of
their structure. Depending upon the label chosen, parameters
may be measured using other than fluorescent labels, using
such immunoassay techniques as radioimmunoassay (RIA)
or enzyme linked immunosorbance assay (ELISA), homoge-
neous enzyme immunoassays, and related non-enzymatic
techniques. The quantitation of nucleic acids, especially mes-
senger RNAs, is also of interest as a parameter. These can be
measured by hybridization techniques that depend on the
sequence of nucleic acid nucleotides. Techniques include
polymerase chain reaction methods as well as gene array
techniques. See Current Protocols in Molecular Biology,
Ausubel et al., eds, John Wiley & Sons, New York, N.Y.,
2000; Freeman et al. (1999) Biotechniques 26(1):112-225,
Kawamoto et al. (1999) Genome Res 9(12):1305-12; and
Chen et al. (1998) Geromics 51(3):313-24, for examples.

Depletion of AMLSC

[0120] Depletion of AMLSC is useful in the treatment of
AML. Depletion can be achieved by several methods. Deple-
tion is defined as a reduction in the target population by up to
about 30%, or up to about 40%, or up to about 50%, or up to
about 75% or more. An effective depletion is usually deter-
mined by the sensitivity of the particular disease condition to
the levels of the target population. Thus in the treatment of
certain conditions a depletion of even about 20% could be
beneficial.

[0121] A marker-specific agent that specifically depletes
the targeted AMLSC is used to contact the patient blood in
vitro or in vivo, wherein after the contacting step, there is a
reduction in the number of viable AMLSC in the targeted
population. An exemplary agent for such purposes is an anti-
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body that specifically binds to a marker or combination of
markers of the present invention on the surface of the targeted
AMLSC. An effective dose of antibodies for such a purpose is
sufficient to decrease the targeted population to the desired
level, for example as described above. Antibodies for such
purposes may have low antigenicity in humans or may be
humanized antibodies.

[0122] In one embodiment of the invention, antibodies for
depleting target population are added to patient blood in vivo.
In another embodiment, the antibodies are added to the
patient blood ex vivo. Beads coated with the antibody of
interest can be added to the blood, target cells bound to these
beads can then be removed from the blood using procedures
common in the art. In one embodiment the beads are magnetic
and are removed using a magnet. Alternatively, when the
antibody is biotinylated, itis also possible to indirectly immo-
bilize the antibody onto a solid phase which has adsorbed
avidin, streptavidin, or the like. The solid phase, usually aga-
rose or sepharose beads are separated from the blood by brief
centrifugation. Multiple methods for tagging antibodies and
removing such antibodies and any cells bound to the antibod-
ies are routine in the art. Once the desired degree of depletion
has been achieved, the blood is returned to the patient. Deple-
tion of target cells ex vivo decreases the side effects such as
infusion reactions associated with the intravenous adminis-
tration. An additional advantage is that the repertoire of avail-
able antibodies is expanded significantly as this procedure
does not have to be limited to antibodies with low antigenicity
in humans or humanized antibodies.

[0123] In some embodiments, the antibodies for depletion
are bispecific antibodies. “Bispecific antibody” and “bispe-
cific antibodies,” also known as bifunctional antibodies,
refers to antibodies that recognize two different antigens by
virtue of possessing at least one first antigen combining site
specific for a first antigen or hapten, and at least one second
antigen combining site specific for a second antigen or hap-
ten. Such antibodies can be produced by recombinant DNA
methods or include, but are not limited to, antibodies pro-
duced chemically by methods known in the art. Bispecific
antibodies include all antibodies or conjugates of antibodies,
or polymeric forms of antibodies which are capable of rec-
ognizing two different antigens. Bispecific antibodies include
antibodies that have been reduced and reformed so as to retain
their bivalent characteristics and to antibodies that have been
chemically coupled so that they can have several antigen
recognition sites for each antigen.

[0124] Bispecific antibodies for use in the methods of the
present invention bind to at least one of the AMLSC antigens
described herein, and may bind to two or more AMLSC
antigens described herein. Antigen combinations of interest
include, without limitation, CD47+CD96, CD47+CD?99,
CD47+Tim3, CD47+CD97, CD97+TIM3. In some embodi-
ments, one specificity of the antibody has a low affinity, e.g.
less than about 10~ binding constant, usually less than about
10~® binding constant, and may be more than about 10’
binding constant.

[0125] Antibodies suitable for practicing the methods of
the invention are preferably monoclonal and multivalent, and
may be human, humanized or chimeric antibodies, compris-
ing single chain antibodies, Fab fragments, F(ab') fragments,
fragments produced by a Fab expression library, and/or bind-
ing fragments of any of the above. In certain embodiments of
the invention, the antibodies are human antigen-binding anti-
body fragments of the present invention and include, but are
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not limited to, Fab, Fab' and F(ab'),, Fd, single-chain Fvs
(scFv), single-chain antibodies, disulfide-linked Fvs (sdFv)
and fragments comprising either aV; or Vdomain. Antigen-
binding antibody fragments, including single-chain antibod-
ies, may comprise the variable region(s) alone or in combi-
nation with the entirety or a portion of the following: hinge
region, CH,, CH,, CH; and CL, domains. Also included in the
invention are antigen-binding fragments comprising any
combination of variable region(s) with a hinge region, CH,,
CH,, CH; and CL domains. Preferably, the antibodies are
human, murine (e.g., mouse and rat), donkey, sheep, rabbit,
goal, guinea pig, camelid, horse, or chicken. As used herein,
“human” antibodies include antibodies having the amino acid
sequence of a human immunoglobulin and include antibodies
isolated from human immunoglobulin libraries, from human
B cells, or from animals transgenic for one or more human
immunoglobulins.

[0126] The antibodies suitable for practicing the methods
of the present invention may be bispecific, trispecific or of
greater multispecificity. Further, the antibodies of the present
invention may have low risk of toxicity against granulocyte
(neutrophil), NK cells, and CD4* cells as bystander cells.

[0127] Methods for making bispecific antibodies are
known in the art. Traditional production of full length bispe-
cific antibodies is based on the coexpression of two immuno-
globulin heavy chain-light chain pairs, where the two chains
have different specificities (Millstein et al., Nature, 305:537-
539 (1983)). Because of the random assortment of immuno-
globulin heavy and light chains, these hybridomas (quadro-
mas) produce a potential mixture of 10 different antibody
molecules, of which only one has the correct bispecific struc-
ture. Purification of the correct molecule, which is usually
done by affinity chromatography steps, is rather cumber-
some, and the product yields are low. Similar procedures are
disclosedin WO 93/08829, and in Traunecker et al, EMBOJ.,
10:3655-3659 (1991).

[0128] According to another approach described in WO96/
27011, the interface between a pair of antibody molecules can
be engineered to maximize the percentage of heterodimers
which are recovered from recombinant cell culture. Such
interfaces may comprise at least a part of the CH; domain of
an antibody constant domain. In this method, one or more
small amino acid side chains from the interface of the first
antibody molecule are replaced with larger side chains (e.g.,
tyrosine or tryptophan). Compensatory “cavities” of identical
or similar size to the large side chain(s) are created on the
interface of the second antibody molecule by replacing large
amino acid side chains with smaller ones (e.g., alanine or
threonine). This provides a mechanism for increasing the
yield of the heterodimer over other unwanted end-products
such as homodimers. An alternative method links two differ-
ent single chain variable regions to heat stable antigen (HSA).
Using HSA as linker increases serum half life, and has the
benefit of low immunogenicity.

[0129] Bispecific antibodies include cross-linked or “het-
eroconjugate” antibodies. For example, one of the antibodies
in the heteroconjugate can be coupled to avidin, the other to
biotin. Such antibodies have, for example, been proposed to
target immune system cells to unwanted cells (U.S. Pat. No.
4,676,980), and for treatment of HIV infection (WO
91/00360, WO 92/200373, and EP 03089). Heteroconjugate
antibodies may be made using any convenient cross-linking
methods. Suitable cross-linking agents are well known in the
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art, and are disclosed in U.S. Pat. No. 4,676,980, along with a
number of cross-linking techniques.

[0130] Techniques for generating bispecific antibodies
from antibody fragments have also been described in the
literature. For example, bispecific antibodies can be prepared
using chemical linkage. Brennan et al., Science, 229:81
(1985) describe a procedure wherein intact antibodies are
proteolytically cleaved to generate F(ab'), fragments. These
fragments are reduced in the presence of the dithiol complex-
ing agent sodium arsenite to stabilize vicinal dithiols and
prevent intermolecular disulfide formation. The Fab' frag-
ments generated are then converted to thionitrobenzoate
(TNB) derivatives. One of the Fab'-TNB derivatives is then
reconverted to the Fab'-thiol by reduction with mercaptoet-
hylamine and is mixed with an equimolar amount of the other
Fab'-TNB derivative to form the bispecific antibody. The
bispecific antibodies produced can be used as agents for the
selective immobilization of enzymes.

[0131] Various techniques for making and isolating bispe-
cific antibody fragments directly from recombinant cell cul-
ture have also been described. For example, bispecific anti-
bodies have been produced using leucine zippers. Kos-telny
et al., J. Immunol, 148(5):1547-1553 (1992). The leucine
zipper peptides from the Fos and Jun proteins were linked to
the Fab' portions of two different antibodies by gene fusion.
The antibody homodimers were reduced at the hinge region to
form monomers and then re-oxidized to form the antibody
heterodimers. This method can also be utilized for the pro-
duction of antibody homodimers. The “diabody” technology
described by Hollinger et al.. Proc. Natl. Acad. Sci. USA,
90:6444-6448 (1993) has provided an alternative mechanism
for making bispecific antibody fragments. The fragments
comprise a heavy-chain variable domain (V,,) connected to a
light-chain variable domain (V, ) by alinker which is too short
to allow pairing between the two domains on the same chain.
Accordingly, the V,, and V, domains of one fragment are
forced to pair with the complementary V; and V,,domains of
another fragment, thereby forming two antigen-binding sites.
Another strategy for making bispecific antibody fragments by
the use of single-chain Fv (sFv) dimers has also been
reported. See Gruber et al., J. Immunol., 152:5368 (1994).
Alternatively, the antibodies can be “linear antibodies™ as
described in Zapata et al. Protein Eng. 8(10): 1057-1062
(1995). Briefly, these antibodies comprise a pair of tandem Fd
segments (V-Cp-V-Cpyl) which form a pair of antigen
binding regions. Linear antibodies can be bispecific or mono-
specific.

[0132] Within the context of the present invention, antibod-
ies are understood to include monoclonal antibodies and
polyclonal antibodies, antibody fragments (e.g., Fab and
F(ab'),), chimeric antibodies bifunctional or bispecific anti-
bodies and tetrameric antibody complexes. Antibodies are
understood to be reactive against a selected antigen on the
surface of a T cell if they bind with an appropriate affinity
(association constant), e.g. greater than or equal to 10'M™".
Additionally, antibodies that may be used in the methods of
the present invention may also be described or specified in
terms of their binding affinities include those with a dissocia-
tion constant or Kd less than 5x1072 M, 1072 M, 5x107> M,
1072 M, 5x107* M, 107* M, 5x107° M, 107° M, 5x107° M,
107° M, 5x1077 M, 1077 M, 5x107* M, 10* M, 5x10™° M,
1077 M, 5x107'°M, 1077 M, 5x 107 ' M, 107" M, 5x 107" M,
1072 M, 5107 M, 1072 M, 5x107* M, 10™* M, 5x 107"
M, 107" M.
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[0133] Antibodies can be fragmented using conventional
techniques and the fragments screened for utility in the same
manner as described above for the whole antibodies. For
example, F(ab'), fragments can be generated by treating anti-
body with pepsin. The resulting F(ab'), fragment can be
treated to reduce disulfide bridges to produce Fab' fragments.
[0134] The invention also contemplates chimeric antibody
derivatives, i.e., antibody molecules that combine a non-hu-
man animal variable region and a human constant region.
Chimeric antibody molecules can include, for example, the
antigen binding domain from an antibody of a mouse, rat, or
other species, with human constant regions. A variety of
approaches for making chimeric antibodies have been
described and can be used to make chimeric antibodies con-
taining the immunoglobulin variable region which recognizes
the selected antigens on the surface of differentiated cells or
tumor cells. See, for example, Morrison et al., 1985; Proc.
Natl. Acad. Sci. U.S.A. 81,6851; Takeda et al., 1983, Nature
314:452; Cabilly et al., U.S. Pat. No. 4,816,567; Boss et al.,
U.S. Pat. No. 4,816,397; Tanaguchi et al., European Patent
Publication EP171496; FEuropean Patent Publication
0173494, United Kingdom patent GB 2177096B.

[0135] Chemical conjugation is based on the use of homo-
and heterobifunctional reagents with B-amino groups or
hinge region thiol groups. Homobifunctional reagents such as
5,5'-Dithiobis(2-nitrobenzoic acid) (DNTB) generate disul-
fide bonds between the two Fabs, and 0-phenylenedimaleim-
ide (O-PDM) generate thioether bonds between the two Fabs
(Brenner et al., 1985, Glennie et al., 1987). Heterobifunc-
tional reagents such as N-succinimidyl-3-(2-pyridylditio)
propionate (SPDP) combine exposed amino groups of anti-
bodies and Fab fragments, regardless of class or isotype (Van
Dijk et al., 1989).

[0136] The antibodies of the invention, i.¢., antibodies that
are useful for treating cancers, as well as other cancer com-
prising cancer stem cells expressing antigens set forth in
Table 1, include derivatives that are modified, i.e., by the
covalent attachment of any type of molecule to the antibody
such that covalent attachment does not prevent the antibody
from binding to the antigens. For example, but not by way of
limitation, the antibody derivatives include antibodies that
have been modified, e.g.. by glycosylation, acetylation, pegy-
lation, phosphorylation, amidation, derivatization by known
protecting/blocking groups, proteolytic cleavage, linkage to a
cellular ligand or other protein, etc. Any of numerous chemi-
cal modifications may be carried out by known techniques,
including, but not limited to specific chemical cleavage,
acetylation, formylation, metabolic synthesis of tunicamycin,
etc. Additionally, the derivative may contain one or more
non-classical amino acids.

[0137] Kits may be provided, where the kit will comprise
staining reagents that are sufficient to differentially identify
the AMLSC described herein. A combination of interest may
include one or more reagents specific for a marker or combi-
nation of markers of the present invention, and may further
include antibodies specific for CD96, CD34, and CD38. The
staining reagents are preferably antibodies, and may be
detectably labeled. Kits may also include tubes, buffers, etc.,
and instructions for use.

[0138] Each publication cited in this specification is hereby
incorporated by reference in its entirety for all purposes.
[0139] It is to be understood that this invention is not lim-
ited to the particular methodology, protocols, cell lines, ani-
mal species or genera, and reagents described, as such may
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vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular embodi-
ments only, and is not intended to limit the scope of the
present invention, which will be limited only by the appended
claims.

[0140] As used herein the singular forms “a”, “and”, and
“the” include plural referents unless the context clearly dic-
tates otherwise. Thus, for example, reference to “a cell”
includes a plurality of such cells and reference to “the culture”
includes reference to one or more cultures and equivalents
thereof known to those skilled in the art, and so forth. All
technical and scientific terms used herein have the same
meaning as commonly understood to one of ordinary skill in
the art to which this invention belongs unless clearly indi-
cated otherwise.

EXPERIMENTAL
Example 1

Identification of Cell Surface Molecules Preferen-
tially Expressed on Human Acute Myeloid Leukemia
Stem Cells Compared to their Normal Counterparts

[0141] Prospective Identification of a Human Multipotent
Progenitor, the Cell of Origin for AML LSC. Identification of
cell surface molecules that are preferentially expressed on
AML LSC would be greatly facilitated by determining the
cell within the normal hematopoietic hierarchy that under-
goes transformation to become an AML LSC. The prevailing
view in the field has been that AML LSC arise out of hemato-
poietic stem cells (HSC), since both stem cell populations are
enriched in Lin-CD344+CD38- cells. However, human HSC
have been shown to express CD90, while AML LSC are
CD90-. Furthermore, HSC from long-term remission t(8;21)
AML patients were found to contain the AML1-ETO trans-
location product, suggesting that the HSC were pre-leukemic,
and that full transformation to AML LSC occurred in a down-
stream progenitor.

[0142] Whileitis certainly possible that HSC are in fact the
cell of origin for AML LSC, and that these cells lose expres-
sion of CD90 as a consequence of transformation, it is also
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possible that AML LSC originate from downstream Lin-
CD344+CD38-CD90- cells. We utilized a NOD/SCID/IL-2R
gamma null (NOG) newborn xenotransplantation model to
assay the function of subpopulations of Lin-CD34+CD38-
cord blood, identified on the basis of CD90 and CD45RA
expression. Lin-CD34+CD38-CD90+ cells produced long-
term multi-lineage engrafiment and formed successful sec-
ondary transplants, and therefore contained HSC. Transplan-
tation of purified Lin-CD34+CD38-CD90-CD45RA- cells
resulted in lower levels of multi-lineage engraftment in pri-
mary recipients, and a statistically significant reduced ability
to form long-term secondary transplants. In fact, with trans-
plantation of 50 purified cells, these cells failed to long-term
engraft, unlike the Lin-CD34+CD38-CD90+ HSC. Thus,
Lin-CD34+CD38-CD90-CD45RA~ cells are multipotent
and possess limited self-renewal ability. These cells are
termed multipotent progenitors (MPP) and represent the pos-
sible cell of origin of AML LSC.

[0143] Use of Gene Expression Profiling to Identify Cell
Surface Molecules Preferentially Expressed on AML LSC
Compared to Their Normal Counterparts, HSC and MPP. Cell
surface molecules preferentially expressed on human acute
myeloid leukemia stem cells (AML LSC) compared to their
normal counterparts have therapeutic applications outlined
below. One strategy to identify such molecules has been to
generate gene expression profiles of AML LSC and normal
HSC and MPP, and compare them for differentially expressed
genes.

[0144] Normal bone marrow HSC and MPP (n=4) and
AML LSC (n=9) were purified by FACS. Total RNA was
prepared, amplified, and hybridized to Affymetrix human
DNA microarrays. Statistical analysis identified 4037 genes
differentially expressed between HSC and LSC, and 4208
genes differentially expressed between MPP and LSC, with
p<0.05 and a False Discovery Rate of 5% (FIG. 1A). Inves-
tigation of these differentially expressed genes identified 288
and 318 cell surface molecules preferentially expressed in
AML LSC by at least 2-fold compared to HSC and MPP,
respectively. Selected members of this list, including many
with the greatest preferential expression in AML LSC are
indicated (FIG. 1B, Table 1).

TABLE 1
Fold
Change Genbank Gene Symbol  Description
94.34 M27331 TRGC2 T cell receptor gamma constant 2
57.47 NM_005816 CD96 CD96 antigen
47.17 AIR62120 MAMDC2 MAM domain containing 2
3236 AF348078  SUCNRI succinate receptor 1
32.05 MI16768 TRGC2 T cell receptor gamma constant 2
30.96 NM_002182 IL1RAP interleukin 1 receptor accessory protein
29.85 M13231 TRGC2 T cell receptor gamma constant 2
27.55 NM_003332 TYROBP TYRO protein tyrosine kinase binding protein
26.88 NM_ 004271 LY86 lymphocyte antigen 86
20.96 NM_014879 P2RY14 purinergic receptor P2Y, G-protein coupled, 14
18.38 BC020749  CD96 CD96 antigen
18.38 NM_ 005048 PTHR2 parathyroid hormone receptor 2
17.73  Al625747 ADRBI1 Adrenergic, beta-1-, receptor
17.36 NM_015376 RASGRP3 RAS guanyl releasing protein 3 (calcium and DAG-
regulated)
16.84 162027 C3AR1 complement component 3a receptor 1
14.49 AW025572 HAVCR2 hepatitis A virus cellular receptor 2
12.48 AF285447  HCST hematopoietic cell signal transducer
11.92 AIRB05323 LGR7 leucine-rich repeat-containing G protein-coupled

receptor 7
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TABLE 1-continued

Fold
Change Genbank Gene Symbol  Description
11.67 NM_001197 BIK BCL2-interacting killer (apoptosis-inducing)
11.53 NM_018092 NETO2 neuropilin (NRP) and tolloid (TLL)-like 2
11.07 N74607 AQP3 aquaporin 3
10.88 BF439675  CD69 CD69 antigen (p60, early T-cell activation antigen)
10.48 NM_ 001769 CD9 CD?9 antigen (p24)
10.32 AF167343  ILIRAP interleukin 1 receptor accessory protein
9.52 AAB814140  CSorfl® chromosome 5 open reading frame 18
8.77 NM_005582 CDI1R0 CD180 antigen
7.46 AF039686  GPR34 G protein-coupled receptor 34
7.30 AI056776 ITGA6 Integrin, alpha 6
7.19 AI277151 TNFRSF4 tumor necrosis factor receptor superfamily, member 4
6.99 AIT38675 SELPLG Selectin P ligand
6.85 AAR88858 PDE3B Phosphodiesterase 3B, cGMP-inhibited
6.80 AU149572  ADCY2 adenylate cyclase 2 (brain)
6.80 NM_ 002299 LCT lactase
6.58 NM_ 005296 GPR23 G protein-coupled recepter 23
6.45 NM_004106 FCER1G Fc fragment of IgE, high affinity receptor
6.29 Al741056 SELPLG selectin P ligand
6.25 AW406569 MGC15619
6.06 MB81695 ITGAX integrin, alpha X
5.92 NM_003494 DYSF dysferlin
5.85 AIB60212 PAG1 phosphoprotein associated with glycosphingolipid
microdomains 1
5.75 NM_ 013447 EMR2 egf-like module containing, mucin-like, hormone
receptor-like 2
5.62 NM_017806 LIMEL Leck interacting transmembrane adaptor 1
5.62 AK092824 AMN Amnionless homolog (mouse)
5.59 AF345567 GPR174 G protein-coupled receptor 174
5.29 BC041928 ILIRAP Interleukin 1 receptor accessory protein
5.26 103419 FCGR1A Fc fragment of Ig@G, high affinity Ia, receptor (CD64);
Fe-gamma receptor I B2
5.24 BG230586  SLCTA6 solute carrier family 7 (cationic amino acid
transporter, y+ system), member 6
5.18 AF015524  CCRL2 chemokine (C-C motif) receptor-like 2
5.13 AA631143  SLC45A3 solute carrier family 45, member 3
5.10 AJ240085  TRAT1 T cell receptor associated transmembrane adaptor 1
5.05 AW183080 GPR92 G protein-coupled receptor 92
5.03 NM_002120 HLA-DOB major histocompatibility complex, class II, DO beta
5.03 NM_015364 LY96 lymphocyte antigen 96
490 NM_020399 GOPC golgi associated PDZ and coiled-coil motif containing
4.88 AK026133 SEMA4B semaphorin
4.88 BC04l664  VMD2 vitelliform macular dystrophy 2
4.85 NM 152592 Cl4orf49 chromosome 14 open reading frame 49
4.85 AA923524  RASGRP4 RAS guanyl releasing protein 4
4.85 BC008777  ITGAL integrin, alpha 1)
4.67 AF014403  PPAP2A phosphatidic acid phosphatase type 2A
4.65 AK097698  SORCS2 Sortilin-related VPS10 domain containing receptor 2
4.63 X14355 FCGR1A Fc fragment of Ig@G, high affinity Ia, receptor (CD64)
4.55 NM_001629 ALOXSAP arachidonate 3-lipoxygenase-activating protein
4.50 AU155968  Cl8orfl chromosome 18 open reading frame 1
444 AKO075092 HERV-FRD HERV-FRD provirus ancestral Env polyprotein
442 NM_020960 GPR107 G protein-coupled receptor 107
4.37 BC000039  FAM26B family with sequence similarity 26, member B
4.35 NM_ 153701 IL12RB1 interleukin 12 receptor, beta 1
435 Al762344  PTGERL prostaglandin E receptor 1 (subtype EP1),42 kDa
4.31 NM_006459 SPFH1 SPFH domain family, member 1
4.27 NM_003126 SPTAl spectrin, alpha, erythrocytic 1 (elliptocytosis 2)
422 AL518391  AQP1 aquaporin 1 (channel-forming integral protein, 28 kDa)
4.12 AK026188 PCDHGC3 protocadherin gamma subfamily C
4.10 AU146685 EDG2 Endothelial differentiation, lysophosphatidic acid G-
protein-coupled receptor, 2
4.05 BE673587  SLCl14Al Solute carrier family 14 (urea transporter), member 1
(Kidd blood group)
4.02 BF129969  TSPAN2 tetraspanin 2
4,00 AW243272 KCNK3 Potassium channel, subfamily K, member 5
3.98 T68858 DHRS3 Dehydrogenase/reductase (SDR family) member 3
3.94 AIB27849 VTIIA Vesicle transport through interaction with t-SNAREs
homolog 1A (yeast)
3.86 AL134012 NRXN2 Neurexin 2
3.83 BG230614  CD47 CD47 antigen
3.80 AIB69717 MGC15523 MGC15523
3.80 AI458583 SIMP Source of immunodominant MHC-associated

peptides
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TABLE 1-continued

Fold
Change Genbank Gene Symbol  Description

3.79 NM_002183 IL3RA interleukin 3 receptor, alpha (low affinity)

3.79  AA008820 NRXN2 neurexin 2

3.73 NM_000206 IL2RG interleukin 2 receptor

3.72 BC002737  VAMP2 synaptobrevin 2

3.72 BC0038%4  BID BH3 interacting domain death agonist; BH3
interacting domain death agonist

3.68 AI688418 PLXNA2 plexin A2

3.68 BC003105  PTP4A3 protein tyrosine phosphatase type IVA, member 3

3.68 NM_001772 CD33 CD33 antigen (gp67)

3.65 BC007524  SPAGY sperm associated antigen 9

3.64  AI344200 SLC25A35 solute carrier family 25, member 35

3.64 BC005253  KLHL20 kelch-like 20 (Drosophila)

3.60  AI335263 NETO2 neuropilin (NRP) and tolloid (TLL)-like 2

3.58  BF381837  C200rf52 chromosome 20 open reading frame 52

3.51 NM_002886 RAP2A RAP2A

3.50  NM__007063 TBCI1D8 TBC1 domain family, member & (with GRAM domain)

3.45 AK027160 BCL2LI1 BCL2-like 11 (apoptosis facilitator)

3.44 BF055366 EDG2 endothelial differentiation, lysophosphatidic acid G-
protein-coupled receptor, 2

3.42 NM_003608 GPR65 G protein-coupled receptor 63

3.41  AI675453 PLXNA3 plexin A3

3.40 AV734194  DPP8 dipeptidylpeptidase 8

3.38  BC000232  C5orfl8 chromosome 5 open reading frame 18

3.36 BC001956  KIAA1961 KIAAI961 gene

3.34 NM_013332 HIG2 hypoxia-inducible protein 2

3.31 BC029450  SLC33A1 Solute carrier family 33 (acetyl-CoA transporter),
member 1

3.30  AWO008505  Cl8orfl chromosome 18 open reading frame 1

3.29 BF693956  CDA47 CD47 antigen

3.28 BF677986  KIAA1961 KIAAI961 gene

3.27  AI433691 CACNA2D4  calcium channel, voltage-dependent, alpha 2/delta
subunit 4

3.26 AB014573  NPHP4 nephronophthisis 4

3.25 ALS5S8284  LY9 lymphocyte antigen 9

3.25 BG236280  CD86 CD86 antigen

3.24 AA639289  SLC26A7 Solute carrier family 26, member 7

3.24 NM_005211 CSFIR colony stimulating factor 1 receptor

3.24  AI051254 TRPM2 transient receptor potential cation channel, subfamily
M, member 2

3.23 AW292816 ABHD2 abhydrolase domain containing 2

3.23 BC040275 RASGRF1 Ras protein-specific guanine nucleotide-releasing
factor 1

3.22 NM_021911 GABRB2 gamma-aminobutyric acid (GABA) A receptor, beta 2

3.19  Al660619 SLCTA6 solute carrier family 7 (cationic amino acid
transporter, y+ system), member ¢

3.19 NM_001860 SL.C31A2 solute carrier family 31 (copper transporters),
member 2

3.18 NM_015680 C2orf24 chromosome 2 open reading frame 24

3.17 AWO058600 SLC36A1 solute carrier family 36

3.16 AU145049 HIP1 Huntingtin interacting protein 1

3.15 NM_005770 SERF2 small EDRK-rich factor 2

3.15 NM_003566 EEAl Early endosome antigen 1, 162 kD

3.14 NM_020041 SLC2A9 solute carrier family 2 (facilitated glucose
transporter), member 9

314 W90718 SLC24A4 solute carrier family 24

3.13  AM423165 TICAM2 toll-like receptor adaptor molecule 2

3.12  AI674647 SPP12A signal peptide peptidase-like 2A

3.11 NM_004121 GGTLAl gamma-glutamyltransferase-like activity 1

3.10 NM_ 004546 NDUFB2 NADH dehydrogenase (ubiquinone) 1 beta
subcomplex, 2, 8 kDa

3.05 X15786 RET ret proto-oncogene (multiple endocrine neoplasia and
medullary thyroid carcinoma 1, Hirschsprung
disease)

3.05 AFIR1660  MPZL1 myelin protein zero-like 1

3.05 BG230614 CD47 CD47 antigen (Rh-related antigen, integrin-
associated signal transducer)

3.00 AIS71996 STAM?2 signal transducing adaptor molecule (SH3 domain
and ITAM motif) 2

2,99 NM_000201 ICAM1 intercellular adhesion molecule 1 (CD54), human
rhinovirus receptor

2.93 NM_025244 TSGA10 testis specific, 10

2.93 AU147538 PRKCE Protein kinase C, epsilon

2.92 NM_024576 OGFRL1 opicid growth factor receptor-like 1
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TABLE 1-continued

Fold
Change Genbank Gene Symbol  Description

2,91 AD480SS ABCC4 ATP-binding cassette, sub-family C (CFTR/MRP),
member 4

2.86  AA503877  CEPT1 Choline/ethanolamine phosphotransferase 1

2.84 BC030993  FLJ21127 Hypothetical protein FLJ21127

2.82 AAR29818 LY8¢ Lymphocyte antigen 86

2.82 NM_001859 SLC31A1 solute carrier family 31 (copper transporters),
member 1

2.81 M74721 CD79A CD79A antigen (immunoglobulin-associated alpha)

2.79  AI9R6112 MGAT4B Mannosyl (alpha-1,3-)-glycoprotein beta-1,4-N-
acetylglucosaminyltransferase, isoenzyme B

2.79 NM_030930 UNC93B1 unc-93 homolog Bl (C. elegans); unc-93 homolog
Bl (C. elegans)

2.79  X74039 PLAUR plasminogen activator, urokinase receptor

2.78 BF514291  LY8¢ Lymphocyte antigen 86

2.75 BC005253  KLHL20 kelch-like 20 (Drosophila)

2.73 AB036432 AGER advanced glycosylation end product-specific receptor

271 NM_007245 ATXN2L ataxin 2-like

2.71 NM_016072 GOLT1B golgi transport 1 homolog B (S. cerevisiae)

271 Al453548 ZDHHC8 zinc finger, DHHC-type containing &

2,70  AI636233 TMEMS transmembrane protein 8 {five membrane-spanning
domains)

2.69 BE502509  T3JAM TRAFS3 interacting protein 3

2,69 AW117765 PEX13 peroxisome biogenesis factor 13

2,69 AW052216 IL17RB Interleukin 17 receptor B

2.67 NM_003853 IL18RAP interleukin 18 receptor accessory protein

2.66 NM_002490 NDUFA6 NADH dehydrogenase (ubiquinone) 1 alpha
subcomplex, 6, 14 kDa

2.65 NM_016639 TNFRSF12A  tumor necrosis factor receptor superfamily, member
12A

2.65 AI363185 FLJ20255 Hypothetical protein FLJ20255

2.65 NM_052931 SLAMF6 SLAM family member 6

2.65 AWS571669 TNFRSF19L  tumor necrosis factor receptor superfamily, member
19-like

2.64 AA654142 CEECAMI cerebral endothelial cell adhesion molecule 1

2,62 AW510783  TMEM63A transmembrane protein 63A

2,61 W95007 ACSL4 Acyl-CoA synthetase long-chain family member 4

2.60 S76475 NTRX3 neurotrophic tyrosine kinase, receptor, type 3

2.60 AI130713 SIGLEC7 sialic acid binding Ig-like lectin 7

2.56 NM_003775 EDG6 endothelial differentiation, G-protein-coupled receptor 6

2.55  AI978986 MAMDC4 MAM domain containing 4

2.54 AF010447 MRI1 major histocompatibility complex, class I-related

2,54 NM_006068 TLR6 toll-like receptor 6

2.53 AF041811 NTRX3 neurotrophic tyrosine kinase, recepter, type 3

2.53 AW953521  SERF2; HYPK small EDRK-rich factor 2; Huntingtin interacting
protein K

2,51 AW293276 CD53 CD53 antigen

249 AKO023058 PLXNA2 Plexin A2

249  Al125204 Cé6orf128 chromosome 6 open reading frame 128

2,49 NM_000392 ABCC2 ATP-binding cassette, sub-family C (CFTR/MRP),
member 2

246 BC032474  TIRAP toll-interleukin 1 receptor (TIR) domain containing
adaptor protein

2.44 NM_031211 IMAA SLC7AS pseudogene

244  AI797836  CD5 CD5 antigen (p56-62)

241 W72082 CIQR1 complement component 1

2.40 AA708616 DPP9 dipeptidylpeptidase 9

240 BM987094 DLGAP4 discs, large (Drosophila) homolog-associated protein 4

240 AL713719  LOC283501 ATPase, Class VI, type 11A

2.39  Al628734  PRLR prolactin receptor

2.39 NM_012110 CHIC2 cysteine-rich hydrophobic domain 2

2.38 AK022002 TFR2 transferrin receptor 2

2.37 NM_001555 IGSF1 immunoglobulin superfamily, member 1

236 AA426091  Cl9orfl5 chromosome 19 open reading frame 15

2.36 BES47542  GOPC golgi associated PDZ, and coiled-coil motif containing

2.36 NM_004231 ATP6VIF ATPase, H+ transporting, lysosomal 14 kDa, V1
subunit F

236  AJ130712  SIGLECY sialic acid binding Ig-like lectin 7

2.36  NM_017905 TMCO3 transmembrane and coiled-coil domains 3

2.35 AB054985 CACNBI calcium channel, voltage-dependent, beta 1 subunit

2.35 NM_005003 NDUFABI NADH dehydrogenase (ubiquinone) 1, alpha/beta

subcomplex, 1, 8 kDa
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TABLE 1-continued

Fold
Change Genbank Gene Symbol  Description

2.35 NM_001251 CD68 CD68 antigen

2.35  AA7T00869  PSCD2 Pleckstrin homology, Sec? and coiled-coil domains 2
(cytohesin-2)

2.35 194903 CDh44 CD44 antigen (homing function and Indian blood
group systen)

2.35 NM_003841 TNFRSF10C  tumor necrosis factor receptor superfamily, member
10c¢, decoy without an intracellular domain

2.33 NM_004541 NDUFA1 NADH dehydrogenase (ubiquinone) 1 alpha
subcomplex, 1, 7.5 kDa

2.33 BE367130 KLRKX1 Killer cell lectin-like receptor subfamily K, member 1

2.31 NM_017460 CYP3A4 cytochrome P450, family 3, subfamily A, polypeptide 4

2.31 AI339536 DsC1 Desmocollin 1

2.31 NM_001783 CD79A CD79A antigen (immunoglobulin-associated alpha);
CD79A antigen (immunoglobulin-associated alpha)

230 AA333161  VTIA vesicle transport through interaction with t-SNAREs
homolog 1A (yeast)

2.30 AW134823 CD6 CD6 antigen; CD6 antigen

2.30 AL137537  ATP8B2 ATPase, Class [, type 8B, member 2

2.29 AI671983 SLC2A9 solute carrier family 2 (facilitated glucose
transporter), member 9

2.29 AA018187  C22orf3 chromosome 22 open reading frame 3

2.29 ALI117415  ADAM33 ADAM metallopeptidase domain 33

2.29 NM_002588 PCDHGC3 protocadherin gamma subfamily C

2.29 NM_ 020960 GPR107 G protein-coupled receptor 107

2.29 AK074635 GENX-3414  Genethonin 1

2.29 BE138575 ITGBS Integrin, beta 5

2.28 NM_003830 SIGLECS sialic acid binding Ig-like lectin 5; sialic acid binding
Ig-like lectin 5

2.28 NM_013319 UBIAD1 TbiA prenyltransferase domain containing 1

2.28 M63889 FGFR1 fibroblast growth factor receptor 1 (fis-related
tyrosine kinase 2, Pfeiffer syndrome)

2.27 H6T156 MSCP Solute carrier family 25, member 37

2.27 BC006215  SMEK2 KIAA1387 protein; KIAA1387 protein

2.27 ALI109653  SLITRK2 SLIT and NTRK-like family, member 2

2.27 NM_007011 ABHD2 abhydrolase domain containing 2

226 AI767210  MGC11332 Hypothetical protein MGC11332

2.26 BF723605  NRCAM Neuronal cell adhesion molecule

2.26 RO8129 CDAOgR T-cell immunomodulatory protein

2.26 AF052059  SELIL sel-1 suppressor of lin-12-like (C. elegans)

2.26 NM_005729 PPIF peptidylprolyl isomerase F (cyclophilin F)

2.25 BES858032  ARI2LI ADP-ribosylation factor-like 2-like 1

2.25  AI950390 Cl4orfl18 Chromosome 14 open reading frame 118

2.24 NM_017767 SLC39A4 solute carrier family 39 (zine transporter), member 4

2,24 ALI110273  SPTANL Spectrin, alpha, non-erythroeytic 1 (alpha-fodrin)

2.24  Al077660 CDAOR T-cell immunomedulatory protein

2.23 AA488687  SLCTALll solute carrier family 7, (cationic amino acid
transporter, y+ system) member 11

2.23 NM_000634 IL8RA interleukin 8 receptor, alpha

2,22 AL390177  MGC34032 Solute carrier family 44, member S

2.21 NM_001531 MR1 major histocompatibility complex, class I-related

2.21 NM_003183 ADAMI17 ADAM metallopeptidase domain 17 (tumor necrosis
factor, alpha, converting enzyme)

2,20 AC003999  SCAP2 src family associated phosphoprotein 2

2,20 BC014416  SLC33Al solute carrier family 33 (acetyl-CoA transporter),
member 1

2,20 AF226731  ADORA3 adenosine A3 receptor

2.19  AI608725 ICAM1 intercellular adhesion molecule 1 (CD54), human
rhinovirus receptor

2.19 U41163 SLC6AR; solute carrier family 6 (neurotransmitter transporter,

FLI43855 creatine), member 8; similar to sodium- and chloride-

dependent creatine transporter

2,19 AU147799  LRRC15 leucine rich repeat containing 15

2.18  AW337166 LOC255104 Transmembrane and coiled-coil domains 4

2.18  NM_006505 PVR poliovirus receptor

2.18 AI638420  CLIC4 chloride intracellular channel 4

2.18  Al167482 SCUBE3 Signal peptide, CUB domain, EGF-like 3

2.18 AI739514 HAS3 hyaluronan synthase 3

2.18 NM_005971 FXYD3 FXYD domain containing ion transport regulator 3

2.17 AL022398  TRAF3IP3 TRAF3 interacting protein 3

2.17  U90940 FCGR2C Fc fragment of IgG, low affinity Ilc, receptor for
(CD32)

2.16 BC023540  SORCS1 Sortilin-relared VPS10 domain containing receptor 1

2.16 AV713913  OSTM1 osteopetrosis associated transmembrane protein 1
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Fold
Change Genbank Gene Symbol  Description
2.15 NM_024505 NOX5 NADPH oxidase, EF-hand calcium binding domain 5
2.15 BC006178  SEC22L3 SEC22 vesicle trafficking protein-like 3 (S. cerevisiae);
SEC22 vesicle trafficking protein-like 3 (S. cerevisiae)
2.15 BGI151527  GRIKS glutamate receptor, ionotropic, kalnate 3
2.14 AW001754 NEGRI1 neuronal growth regulator 1
2.14 NM_013979 BNIP1 BCL2/adenovirus E1B 19 kDa interacting protein 1
2.14 NM_018643 TREM1 triggering receptor expressed on myeloid cells 1
2.12 NM_005284 GPR6 G protein-coupled receptor 6
2.11 AA454190 ZDHHC20 zine finger, DHHC-type containing 20
2.11 AB048796 TMPRSS13 transmembrane protease, serine 13
2.11 AL044520 NYD-SP21 testes development-related NYD-SP21
2.11 BE463930 TMAPI Matrix-remodelling associated 7
2.10 NM_152264 SLC39A13 solute carrier family 39 (zine transporter), member 13
2.08 AL530874 EPHB2 EPH receptor B2
2.07 NM_018668 VPS33B vacuolar protein sorting 33B (yeast)
2.07 NM_024531 GPRI72A G protein-coupled receptor 172A
2.07 NM_023038 ADAMI19 ADAM metallopeptidase domain 19 (meltrin beta)
2.07 BCO001281  TNFRSF10B  tumor necrosis factor receptor superfamily, member
10b
2.07 AF217749  PCDHB9 protocadherin beta 9
2.06 AB030077 FGFR2 fibroblast growth factor receptor 2 (bacteria-
expressed kinase, keratinocyte growth factor
receptor, craniofacial dysostosis 1, Crouzon
syndrome, Pfeiffer syndrome, Jackson-Weiss
syndrome)
2.06 AL137432  SUSDI sushi domain containing 1
2.05 NM_004518 KCNQ2 potassium voltage-gated channel, KQT-like
subfamily, member 2
2.04  AI672363 VPS33B vacuolar protein sorting 33B (yeast)
2.4 NM_006671 SLCI1A7 solute carrier family 1 (glutamate transporter),
member 7
2.03 AA215519 DLGAP1 Discs, large (Drosophila) homolog-associated protein 1
2.02 NM_004648 PTPNS1 protein tyrosine phosphatase, non-receptor type
substrate 1
2.02 NM_002564 P2RY2 purinergic receptor P2Y, G-protein coupled, 2
2.01 BF511678  SCUBE3 Signal peptide, CUB domain, EGF-like 3
2.01 BC013385 CLEC7A C-type lectin domain famuly 7, member A
TABLE 2
Fold
Change Genbank Gene Symbol  Description
57.47 NM_005816 CD96 CD96 antigen
3236 AF348078  SUCNRI succinate receptor 1
30.96 NM_002182 ILIRAP interleukin 1 receptor accessory protein
27.55 NM_003332 TYROBP TYRO protein tyrosine kinase binding protein
26.88 NM_004271 LY86 lymphocyte antigen 86
2096 NM_014879 P2RY14 purinergic receptor P2Y, G-protein coupled, 14
18.38 NM__005048 PTHR2 parathyroid hormone receptor 2
17.73 Al625747  ADRBI1 Adrenergic, beta-1-, receptor
17.36 NM_ 015376 RASGRP3 RAS guanyl releasing protein 3 (calcium and
DAG-regulated)
16.84 U62027 C3AR1 complement component 3a receptor 1
14.49 AW025572 HAVCR2 hepatitis A virus cellular receptor 2
12.48 AF285447  HCST hematopoietic cell signal transducer
11.92  AIB05323 LGR7 leucine-rich repeat-containing G protein-coupled
receptor 7
11.67 NM_001197 BIK BCL2-interacting killer (apoptosis-inducing)
11.53 NM_018092 NETO2 neuropilin (NRP) and tolloid (TLL)-like 2
11.07 N74607 AQP3 aquaporin 3
10.48 NM_001769 CD9 CD?9 antigen (p24)
8.77 NM_ 005582 CD180 CD180 antigen
7.46 AF039686  GPR34 G protein-coupled receptor 34
7.19 AI277151 TNFRSF4 tumor necrosis factor receptor superfamily,
member 4
6.85 AAR88858 PDE3B Phosphodiesterase 3B, cGMP-inhibited
6.80 AU149572  ADCY2 adenylate cyclase 2 (brain)
6.80 NM_002299 LCT lactase
6.58 NM_005296 GPR23 G protein-coupled receptor 23
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TABLE 2-continued

Fold
Change Genbank Gene Symbol  Description
6.45 NM_004106 FCERIG Fe fragment of IgE, high affinity I, receptor for;
gamma polypeptide
6.25 AW406569 MGC15619 hypothetical protein MGC15619
6.06  M81695 ITGAX integrin, alpha X {antigen CD11C (p150), alpha
polypeptide)
5.92 NM_003494 DYSF dysferlin, limb girdle muscular dystrophy 2B
(autosomal recessive)
5.75 NM_013447 EMR2 egf-like module containing, mucin-like, hormone
receptor-like 2
5.62 NM_017806 LIMEL Lek interacting transmembrane adaptor 1
5.62  AK092824  AMN Amnionless homolog (mouse)
5.59 AF345567  GPR174 G protein-coupled recepter 174
5.26 103419 FCGR1A; Fo fragment of IgG, high affinity Ia, receptor
LOC440607 (CD64); Fc-gamma receptor I B2
5.18 AF015524  CCRL2 chemokine (C-C motif) receptor-like 2
5.13 AA631143  SLC45A3 solute carrier family 45, member 3
510 AJ240085  TRAT1 T cell receptor associated transmembrane
adaptor 1
5.05 AWI183080 GPR92 G protein-coupled receptor 92
5.03 NM_002120 HLA-DOB major histocompatibility complex, class IT, DO
beta
5.03 NM_015364 LY96 lymphocyte antigen 96
TABLE 3
Fold
Change Genbank Gene Symbol Description
57.47 NM_005816 CD96 CD96 antigen
32,36 AF348078  SUCNRI succinate receptor 1
30.96 NM 002182 ILIRAP interleukin 1 receptor accessory protein
27.55 NM_ 003332 TYROBP TYRO protein tyrosine kinase binding protein
26.88 NM 004271 LY86 lymphocyte antigen 86
20.96 NM_ 014879 P2RY14 purinergic receptor P2Y, G-protein coupled, 14
18.38 NM_005048 PTHR2 parathyroid hormone receptor 2
17.73  Al625747 ADRBI1 Adrenergic, beta-1-, receptor
17.36 NM_015376 RASGRP3  RAS guanyl releasing protein 3 (calcium and
DAG-regulated)
16.84 U62027 C3AR1 complement component 3a receptor 1
1449 AW025572 HAVCR2 hepatitis A virus cellular receptor 2
1248 AF285447  HCST hematopoietic cell signal transducer
11.92  AIR05323 LGR7 leucine-rich repeat-containing G protein-coupled
receptor 7
11.67 NM_001197 BIK BCL2-interacting killer (apoptosis-inducing)
11.53 NM_018092 NETO2 neuropilin (NRP) and tolloid (TLL)-like 2
11.07 N74607 AQP3 aquaporin 3
10.88 BF439675  CD69 CD69 antigen (p60, early T-cell activation antigen)
1048 NM_001769 CDY CDY antigen (p24)
9.52 AAR14140  C5orfl8 chromosome 5 open reading frame 18
8.77 NM_005582 CDI1R0 CD180 antigen
7.46 AF039686  GPR34 G protein-coupled receptor 34
7.30 AI056776  ITGA6 Integrin, alpha 6
7.19 AI277151 TNFRSF4  tumor necrosis factor receptor superfamily,
member 4
6.99 AIT38675 SELPLG Selectin P ligand
6.85 AAR88858 PDE3B Phosphodiesterase 3B, cGMP-inhibited
6.80 AU149572  ADCY?2 adenylate cyclase 2 (brain)
6.80 NM_002299 LCT lactase
6.58 NM_005296 GPR23 G protein-coupled receptor 23
645 NM 004106 FCERIG Fe fragment of IgE, high affinity I, receptor for;
gamma polypeptide
6.25 AW406569 MGC15619  hypothetical protein MGC15619
6.06 M81695 ITGAX integrin, alpha X (antigen CD11C (p150), alpha
polypeptide)
5.92 NM_003494 DYSF dysferlin, limb girdle muscular dystrophy 2B
(autosomal recessive)
5.85 AIB60212 PAG1 phosphoprotein associated with glycosphingolipid
microdomains 1
5.75 NM_013447 EMR2 egf-like module containing, mucin-like, hormone

receptor-like 2
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TABLE 3-continued

Fold

Change Genbank

Gene Symbol Description

5.03
4.90

4.85
4.85
4.85
4.67
4.65

4.63

4.55
4.50
4.44
4.42
4.37
4.35
4.35
4.31
4.27
4.22

4.12
4.10

4.02
4.00
3.98

3.94

3.86
3.83

3.80
3.80

3.79
3.79
3.73

3.68
3.68
3.68
3.66

3.65

NM_017806
AK092824
AF345567
103419

BG230586

AF015524
AA631143
AJ240085

AW183080
NM_002120

NM_015364
NM_020399

AK026133

BC041664

NM_152592
AA923524
BCO08777
AF014403
AK097698

X14355

NM_001629
AU155968
AK075092
NM_020960
BC000039
NM_153701
AI762344
NM_006459
NM_003126
AL518391

AK026188
AU146685

BE673587
BF129969
AW243272
T68858
AIR27849

AL134012
BG230614

AIB69717
AI458583

NM_002183
AA608820
NM_000206

BC002737
BC005884
AI688418
BC003105
NM 001772
AI955119

BC007524
AI344200

LIME1
AMN
GPR174
FCGRIA;
LOC440607
SLCTAG

CCRL2
SLC45A3
TRAT1

GPR92
HLA-DOB

LY96
GOPC

SEMA4B

VMD?2

Cl4orfd9
RASGRP4
ITGAL
PPAP2A
SORCS2

FCGRIA

ALOX5AP
C18orfl
HERV-FRD
GPR107
FAM26B
IL12RB1
PTGER1
SPFH1
SPTAL
AQP1L

PCDHGC3
EDG2

SLCI14AI
TSPAN2
KCNKS3S
DHRS3
VTIIA

NRXN2
CD47

MGC15523
SIMP

IL3RA
NRXN2
IL2RG

VAMP2
BID
PLXNA2
PTP4A3
CD33
VAMP2

SPAGY
SLC25A35

Lek interacting transmembrane adaptor 1
Amnicnless homolog (mouse)

G protein-coupled receptor 174

Fe fragment of IgG, high affinity la, receptor
(CD64); Fe-gamma receptor [ B2

solute carrier family 7 (cationic amino acid
transporter, y+ system), member 6

chemokine (C-C motif) receptor-like 2

solute carrier family 45, member 3

T cell receptor associated transmembrane
adaptor 1

G protein-coupled receptor 92

major histocompatibility complex, class IT, DO
beta

lymphocyte antigen 96

golgi associated PDZ and coiled-coil motif
containing

sema domain, immunoglobulin domain (Ig),
transmembrane domain (TM) and short
cytoplasmic domain, (semaphorin) 4B
vitelliform macular dystrophy 2 (Best disease,
bestrophin)

chromosome 14 open reading frame 49

RAS guanyl releasing protein 4

integrin, alpha L. {antigen CD11 A (p180)
phosphatidic acid phosphatase type 2A
Sortilin-related VPS10 domain containing receptor
2

Fc fragment of IgG, high affinity Ia, receptor
(CD64)

arachidonate 5-lipoxygenase-activating protein
chromosome 18 open reading frame 1
HERV-FRD provirus ancestral Env polyprotein
G protein-coupled receptor 107

family with sequence similarity 26, member B
interleukin 12 receptor, beta 1

prostaglandin E receptor 1 (subtype EP1),42 kDa
SPFH domain family, member 1

spectrin, alpha, erythrocytic 1 (elliptocytosis 2)
aquaporin 1 (channel-forming integral protein,
28 kDa)

protocadherin gamma subfamily C

Endothelial differentiation, lysophosphatidic acid
G-protein-coupled receptor, 2

Solute carrier family 14 (urea transporter),
member 1 (Kidd blood group)

tetraspanin 2

Potassium channel, subfamily X, member 5
Dehydrogenase/reductase (SDR family) member
3

Vesicle transport through interaction with t-
SNAREs homolog 1A (yeast)

Neurexin 2

CD47 antigen {Rh-related antigen, integrin-
associated signal transducer)

hypothetical protein MGC15523

Source of immunodominant MHC-associated
peptides

interleukin 3 receptor, alpha (low affinity)
neurexin 2

interleukin 2 receptor, gamma (severe combined
immunodeficiency)

vesicle-associated membrane protein 2
(synaptobrevin 2)

BH3 interacting domain death agonist; BH3
interacting domain death agonist

plexin A2

protein tyrosine phosphatase type IVA, member 3
CD33 antigen (gp67)

vesicle-associated membrane protein 2
(synaptobrevin 2)

spetm associated antigen 9

solute carrier family 25, member 35
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Fold

Change Genbank

Gene Symbol Description

3.64
3.58
3.51

3.42
341
3.40
3.36
3.34
331

3.28
3.27

3.26
3.25
3.25

3.24
3.24

3.18
3.17

3.16
315
3.15
3.14

3.13
3.12
3.1
3.10

3.05

3.05
3.00

BC005253
BF381837
NM_002886

NM_007063

AK027160
BF055366

NM_003608
AI675453
AV734194
BC001956
NM_013332
BC029450

BF677986
AI433691

AB014573
AL582804
BG236280

AA639289
NM_005211

AI051254

AW292816
BC040275

NM_021911
AI660619
NM_001860

NM_015680
AW058600

AU145049

NM_005770
NM_003566
NM_020041

W90718

AI423165
AI6740647
NM_004121
NM_004546

X15786

AF181660
AI571996

NM_000201

NM_025244
AU147538
NM_024576
AI248055

AA503877
BC030993
NM_001859

KLHL20
C200rf52
RAP2A;
RAP2B
TBCIDR

BCL2L11
EDG2

GPR65
PLXNA3
DPP8
KIAA1961
HIG2
SLC33A1

KIAA1961
CACNA2D4

NPHP4
LY9
CD86

SLC26A7
CSFIR

TRPM2

ABHD2
RASGRF1

GABRB2
SLCTA6
SLC31A2

Clorf24
SLC36A1

HIP1
SERF2
EEAL
SLC2A9

SLC24A4

TICAM2
SPPL2A

GGTLAI
NDUFB2

RET

MPZL1
STAM2

ICAM1

TSGA10
PRKCE
OGFRL1
ABCC4

CEPT1
FLJ21127
SLC31A1

kelch-like 20 (Drosophila)

chromosome 20 open reading frame 52

RAP2A, member of RAS oncogene family;
RAP2B, member of RAS oncogene family

TBC1 domain family, member & (with GRAM
domain)

BCL2-like 11 (apoptosis facilitator)

endothelial differentiation, lyscphosphatidic acid
G-protein-coupled receptor, 2

G protein-coupled receptor 65

plexin A3

dipeptidylpeptidase 8

KIAA1961 gene

hypoxia-inducible protein 2

Solute carrier family 33 (acetyl-CoA transporter),
member 1

KIAA1961 gene

calcium channel, voltage-dependent, alpha 2/delta
subunit 4

nephronophthisis 4

lymphocyte antigen 9

CD86 antigen (CD28 antigen ligand 2, B7-2
antigen)

Solute carrier family 26, member 7

colony stimulating factor 1 receptor, formerly
McDonough feline sarcoma viral (v-fms)
oncogene homolog; colony stimulating factor 1
receptor, formerly McDonough feline sarcoma
viral (v-fms) oncogene homolog

transient receptor potential cation channel,
subfamily M, member 2

abhydrolase domain containing 2

Ras protein-specific guanine nucleotide-releasing
factor 1

gamma-aminobutyric acid (GABA) A receptor,
beta 2

solute carrier family 7 (cationic amino acid
transporter, y+ system), member 6

solute carrier family 31 (copper transporters),
member 2

chromosome 2 open reading frame 24

solute carrier family 36 (proton/amino acid
symporter), member 1

Huntingtin interacting protein 1

small EDRK-rich factor 2

Farly endosome antigen 1, 162kD

solute carrier family 2 (facilitated glucose
transporter), member 9

solute carrier family 24
(sodium/potassium/calcium exchanger), member
4

toll-like receptor adaptor molecule 2

signal peptide peptidase-like 2A
gamma-glutamyltransferase-like activity 1
NADH dehydrogenase (ubiquinone) 1 beta
subcomplex, 2, 8 kDa

ret proto-oncogene (multiple endocrine neoplasia
and medullary thyroid carcinoma 1, Hirschsprung
disease)

myelin protein zero-like 1

signal transducing adaptor molecule (SH3 domain
and ITAM motif) 2

intercellular adhesion molecule 1 (CD54), human
rhinovirus receptor

testis specific, 10

Protein kinase C, epsilon

opioid growth factor receptor-like 1

ATP-binding cassette, sub-family C (CFTR/MRP),
member 4

Choline/ethanolamine phosphotransferase 1
Hypothetical protein FLJ21127

solute carrier family 31 (copper transporters),
member 1
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TABLE 3-continued
Fold
Change Genbank Gene Symbol Description
2.81 M74721 CD79A CD79A antigen (immunoglobulin-associated

alpha)
2.79  AI986112 MGAT4B Mannosyl (alpha-1,3-)-glycoprotein beta-1,4-N-
acetylglucosaminyltransferase, isoenzyme B
2.79 NM_030930 UNC93B1  unc-93 homolog Bl (C. elegans); unc-93
homolog B1 (C. elegans)

2.79 X74039 PLAUR plasminogen activator, urokinase receptor

2.75 BC005253  KLHL20 kelch-like 20 (Drosophila)

2.73 AB036432 AGER advanced glycosylation end product-specific
receptor

271 NM_007245 ATXN2L ataxin 2-like

2.71 NM_016072 GOLT1B golgi transport 1 homolog B (S. cerevisiae)

2.71 AI453548  ZDHHCR zine finger, DHHC-type containing 8

2,70 Al636233 TMEMS transmembrane protein 8 (five membrane-
spanning domains)

2,69 BE302509  T3JAM TRAF?3 interacting protein 3

2.69 AWI117765 PEX13 peroxisome biogenesis factor 13

2.69 AW052216 IL17RB Interleukin 17 receptor B

2.67 NM_003853 IL18RAP interleukin 18 receptor accessory protein

2.66 NM_002490 NDUFAG6 NADH dehydrogenase (ubiquinone) 1 alpha
subcomplex, 6, 14 kDa

2.65 NM_016639 TNFRSF12A tumor necrosis factor receptor superfamily,
member 12A

2.65 AI363185 FLI20255 Hypothetical protein FLJ20255

2,65 NM_052931 SLAMF6 SLAM family member 6

2.65 AW571669 TNFRSF19L tumor necrosis factor receptor superfamily,
member 19-like

2.64 AA654142 CEECAMI cerebral endothelial cell adhesion molecule 1

2.62 AWS510783 TMEMG63A  transmembrane protein 63A

2.61 W93007 ACS14 Acyl-CoA synthetase long-chain family member 4

2.60 876475 NTRK3 neurotrophic tyrosine kinase, receptor, type 3

2,60  AJ130713 SIGLEC7 sialic acid binding Ig-like lectin 7

2.56 NM 003775 EDG6 endothelial differentiation, G-protein-coupled

receptor 6

2,55 AI978986  MAMDC4  MAM domain containing 4

2.54  AF010447 MRI1 major histocompatibility complex, class I-related

2.54 NM_006068 TLR6 toll-like receptor 6

2.53 AF041811 NTRX3 neurotrophic tyrosine kinase, receptor, type 3

2.53 AW953521 SERF2; small EDRK-rich factor 2; Huntingtin interacting
HYPK protein K

2.51 AW293276 CD53 CD53 antigen

2.49 AK023058  PLXNA2 Plexin A2
249  AIl25204  Céorfl28 chromosome 6 open reading frame 128
2,49 NM 000392 ABCC2 ATP-binding cassette, sub-family C (CFTR/MRP),

member 2

246 BC032474  TIRAP toll-interleukin 1 receptor (TIR) domain containing
adaptor protein

2.44 NM_ 031211 IMAA; SLC7AS pseudogene; SLC7AS pseudogene;

LOC388221; NPIP-like locus; NPIP-like locus; hypothetical
LOC440345; protein LOC440345; hypothetical protein
LOC440354; 1L0OC440345; PI-3-kinase-related kinase SMG-1
1.00595101; pseudogene; PI-3-kinase-related kinase SMG-1
LOC641298  pseudogene; PI-3-kinase-related kinase SMG-1
pseudogene; PI-3-kinase-related kinase SMG-1
pseudogene; PI-3-kinase-related kinase SMG-1-
like locus; PI-3-kinase-related kinase SMG-1-

like locus
2.44  AIT97836  CD3 CD5 antigen (p56-62)
241 W72082 CIQR1 complement component 1, q subcomponent,

receptor 1; complement component 1, g
subcomponent, receptor 1

240 AA708616 DFPP9 dipeptidylpeptidase 9

240 BM987094 DLGAP4 discs, large (Drosophila) homolog-associated
protein 4

240 AL713719 LOC283501 ATPase, Class VI, type 11A

2.39  AI628734 PRLR prolactin receptor

2,39 NML_O12110 CHIC2 cysteine-rich hydrophobic domain 2

2.38  AK022002 TFR2 transferrin receptor 2

2.37 NM_001555 IGSF1 immunoglobulin superfamily, member 1

2.36 AA426091  Cl9orfls chromosome 19 open reading frame 15

2.36 BE347542  GOPC golgi associated PDZ and coiled-coil motif

containing
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Fold

Change Genbank

Gene Symbol Description

2.35

2.33

2.33

NM_004231

AJ130712
NM_017905
AB054985

NM_005003

NM_001251
AAT00869

U94903

NM_003841

NM_004541
BE567130
NM_017460

AI339536
NM_001783

AA333161

AW 134823
AL137537
AI671983

AA018187
AL117415
NM_002588

NM_020960
AK074635
BE138575
NM_003830

NM_013319
M63889

H67156
BC006215
AL109653
NM_007011
AI767210
BF723605
RO8129
AF052059
NM_005729

ATP6VIF

SIGLEC7
TMCO3
CACNBIL

NDUFABL1

CD68
PSCD2

CD44

TNFRSF10C

NDUFA1
KLRK1
CYP3A4

DSCl1
CD79A

VTIIA

CD6
ATP8B2
SLC2A9

C220rf3
ADAM33
PCDHGC3;
PCDHGB4;
PCDHGAS;
PCDHGA12;
PCDHGCS;
PCDHGCH4;
PCDHGB7;
PCDHGBS;
PCDHGBS;
PCDHGB3;
PCDHGBZ;
PCDHGBI;
PCDHGAL1;
PCDHGAL10;
PCDHGAS;
PCDHGAT;
PCDHGAS;
PCDHGAS;
PCDHGA4;
PCDHGA3;
PCDHGA2;
PCDHGAL
GPR107
GENX-3414
ITGBS
SIGLEC3

UBIAD1
FGFR1

MSCP
SMEK?2
SLITRK2
ABHD2
MGC11332
NRCAM
CDAO8
SELIL
PPIF

ATPase, H+ transporting, lysosomal 14 kDa, V1
subunit F

sialic acid binding Ig-like lectin 7
transmembrane and coiled-coil domains 3
calcium channel, voltage-dependent, beta 1
subunit

NADH dehydrogenase (ubiquinone) 1, alpha/beta
subcomplex, 1, 8 kDa

CD68 antigen

Pleckstrin homology, Sec7 and coiled-coil
domains 2 (cytohesin-2)

CD44 antigen (homing function and Indian blood
group systein)

tumor necrosis factor receptor superfamily,
member 10¢, decoy without an intracellular
domain

NADH dehydrogenase (ubiquinone) 1 alpha
subcomplex, 1, 7.5 kDa

Killer cell lectin-like receptor subfamily K, member
1

cytochrome P450, family 3, subfamily A,
polypeptide 4

Desmocollin 1

CD79A antigen (immunoglobulin-associated
alpha); CD79A antigen (immunoglobulin-
associated alpha)

vesicle transport through interaction with t-
SNARESs homolog 1A (yeast)

CD6 antigen; CD6 antigen

ATPase, Class I, type 8B, member 2

solute carrier family 2 (facilitated glucose
transporter), member 9

chromosome 22 open reading frame 3
ADAM metallopeptidase domain 33
protocadherin gamma subfamily C, 3;
protocadherin gamma subfamily B, 4;
protocadherin gamma subfamily A, 8;
protocadherin gamma subfamily A, 12;
protocadherin gamma subfamily C, 5;
protocadherin gamma subfamily C, 4;
protocadherin gamma subfamily B, 7;
protocadherin gamma subfamily B, 6;
protocadherin gamma subfamily B, 5;
protocadherin gamma subfamily B, 3;
protocadherin gamma subfamily B, 2;
protocadherin gamma subfamily B, 1;
protocadherin gamma subfamily A, 11;
protocadherin gamma subfamily A, 10;
protocadherin gamma subfamily A, 9;
protocadherin gamma subfamily A, 7;
protocadherin gamma subfamily A, 6;
protocadherin gamma subfamily A, 5;
protocadherin gamma subfamily A, 4;
protocadherin gamma subfamily A, 3;
protocadherin gamma subfamily A, 2;
protocadherin gamma subfamily A, 1

G protein-coupled receptor 107

Genethonin 1

Integrin, beta 5

sialic acid binding Ig-like lectin 5; sialic acid
binding Ig-like lectin 5

UbiA prenyltransferase domain containing 1
fibroblast growth factor receptor 1 (fis-related
tyrosine kinase 2, Pfeiffer syndrome)

Solute carrier family 25, member 37
KIAAL387 protein; KIAA1387 protein
SLIT and NTRK-like family, member 2
abhydrolase domain containing 2
Hypothetical protein MGC11332

Neuronal cell adhesion molecule

T-cell immunomodulatory protein

sel-1 suppressor of lin-12-like (C. elegans)
peptidylprolyl isomerase F (cyclophilin F)
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TABLE 3-continued

Fold

Change Genbank

Gene Symbol Description

2.25
2.25
2.24

2.24
2.24
2.23

2.23
2.22
2.21
2.21

BE858032
AI950390
NM_017767

AL110273
AI077660
AA488687

NM_000634
AL390177

NM_001531
NM_003183

AC003999
BC014416

AF226731
AI608725

U41163

AU147799
AW337166
NM_006505
AI638420
AI167482
AIT739514
NM_005971
AL022398
U90940

BC023540
AVT13913
NM_024505

BC006178

BG151527
AW001754
NM_013979
NM_018643
NM_005284
AA454190
AB048796
AL044520
BE463930
NM_152264

AL530874
NM_018668
NM_024531
NM_023038
BC001281

AF217749
AB030077

AL137432
NM_004518

AI672363
NM_006671

AA215519

ARI2LL
Cl4orfl18
SLC39A4

SPTANI
CDAO8
SLCTALL

IL8RA
MGC34032
MR1
ADAM17

SCAP2
SLC33A1

ADORA3
ICAM1

SLC6AS;
FLJ43855

LRRCI15
LOC255104
PVR

CLIC4
SCUBE3
HAS3
FXYD3
TRAF3IP3
FCGR2C

SORCS1
OSTM1
NOX5

SEC22L3

GRIKS
NEGR1
BNIP1
TREM1
GPR6
ZDHHC20
TMPRSS13
NYD-SP21
TMAP1
SLC39A13

EPHB2
VPS33B
GPRI72A
ADAMI19
TNFRSF10B

PCDHB9
FGFR2

SUSD1
KCNQ2

VPS33B
SLC1A7

DLGAP1

ADP-ribosylation factor-like 2-like 1
Chromosome 14 open reading frame 118

solute carrier family 39 (zine transporter), member
4

Spectrin, alpha, non-erythroeytic 1 (alpha-fodrin)
T-cell immunomeodulatory protein

solute carrier family 7, (cationic amino acid
transporter, y+ system) member 11

interleukin 8 receptor, alpha

Solute carrier family 44, member 5

major histocompatibility complex, class I-related
ADAM metallopeptidase domain 17 (tumor
necrosis factor, alpha, converting enzyme)

sre family associated phosphoprotein 2

solute carrier family 33 (acetyl-CoA transporter),
member 1

adenosine A3 receptor

intercellular adhesion molecule 1 (CD54), human
rhinovirus receptor

solute carrier family 6 (neurotransmitter
transporter, creatine), member 8; similar to
sodium- and chloride-dependent creatine
transporter

leucine rich repeat containing 15

Transmembrane and coiled-coil domains 4
poliovirus receptor

chloride intracellular channel 4

Signal peptide, CUB domain, EGF-like 3
hyaluronan synthase 3

FXYD domain containing ion transport regulator 3
TRAF3 interacting protein 3

Fe fragment of IgG, low affinity ITc, receptor for
(CD32)

Sortilin-related VPS10 domain containing receptor
1

osteopetrosis associated transmembrane protein

1

NADPH oxidase, EF-hand calcium binding
domain 5

SEC22 vesicle trafficking protein-like 3 (S.
cerevisiae); SEC22 vesicle trafficking protein-like
3(S. cerevisiae)

glutamate receptor, ionotropic, kainate 5
neuronal growth regulator 1

BCL2/adenovirus E1B 19 kDa interacting protein 1
triggering recepter expressed on myeloid cells 1
G protein-coupled receptor 6

zine finger, DHHC-type containing 20
transmembrane protease, serine 13

testes development-related NYD-SP21
Matrix-remodelling associated 7

solute carrier family 39 (zine transporter), member
13

EPH receptor B2

vacuolar protein sorting 33B (yeast)

G protein-coupled receptor 172A

ADAM metallopeptidase domain 19 (meltrin beta)
tumor necrosis factor receptor superfamily,
member 10b

protocadherin beta 9

fibroblast growth factor receptor 2 (bacteria-
expressed kinase, keratinocyte growth factor
receptor, craniofacial dysostosis 1, Crouzon
syndrome, Pfeiffer syndrome, Jackson-Weiss
syndrome)

sushi domain containing 1

potassium voltage-gated channel, KQT-like
subfamily, member 2

vacuolar protein sorting 33B (yeast)

solute carrier family 1 (glutamate transporter),
member 7

Discs, large (Drosophila) homolog-associated
protein 1
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TABLE 3-continued

Jan. 20, 2011

Fold

Change Genbank Gene Symbol Description

2.02 NM_004648 PTPNS1
substrate 1
2.02 NM_002564 P2RY2
2.01 BF511678  SCUBE3
2.01 BCO013385 CLEC7A

protein tyrosine phosphatase, non-receptor type

purinergic receptor P2Y, G-protein coupled, 2
Signal peptide, CUB domain, EGF-like 3
C-type lectin domain family 7, member A

[0145] CD47 Facilitates Engraftment, Inhibits Phagocyto-
sis, and is More Highly Expressed on AML LSC. It has long
been recognized that the innate immune system, through
natural killer (NK) effector cells, functions in the elimination
of non-self and aberrant cells. NK cells eliminate target cells
recognized by a variety of NK cell-activating receptors that
bind ligands present on many normal cells; however, expres-
sion of self major histocompatibility complex (MHC) class |
molecules can protect a cell by binding to NK inhibitory
receptors.

[0146] Theseinhibitory receptors often contain immunore-
ceptor tyrosine-based inhibitory (ITIM) motifs that recruit
and activate the SHP-1 and SHP-2 tyrosine phosphatases,
which in turn inhibit signal transduction from the activating
receptors. Accumulating evidence indicates that monocyte-
derived effector cells, such as macrophages and dendritic
cells, are also involved in the elimination of non-self and
aberrant cells, mediated by a number of activating receptors.
These effector cells also express the inhibitory receptor, sig-
nal regulatory protein alpha (SIRPa), which contains an
ITIM motif able to recruit and activate the SHP-1 and SHP-2
phosphatases resulting in inhibition of phagocytosis. Several
studies have identified CD47 as the ligand for SIRPa.. CD47
1s a widely expressed transmembrane protein, originally iden-
tifled as integrin associated protein (IAP) due to its physical
association with several integrins.

[0147] CD47 has been implicated in a number of processes
including platelet activation, cell motility and adhesion, and
leukocyte adhesion, migration, and phagocytosis. The CD47-
SIRPa interaction has been implicated in the inhibition of
phagocytosis from a number of studies. First, CD47-defi-
cient, but not wild type, mouse red blood cells (RBCs) were
rapidly cleared from the bloodstream by splenic macrophages
when transfused into wild type mice, and this effect was
dependent on the CD47-SIRPa. interaction. CD47-deficient,
but not wild type, lymphocytes and bone marrow cells were
also rapidly cleared upon transplantation into congenic wild
type recipients through macrophage and dendritic cell-medi-
ated phagocytosis. Additional evidence suggested that the
CD47-SIRPa interaction can inhibit phagocytosis stimulated
by the recognition of IgG or complement opsonized cells.
Thus, CD47 functions as a critical regulator of macrophage
and dendritic cell phagocytosis by binding to SIRPa and
delivering a dominant inhibitory signal.

[0148] Wedetermined expression of CD47 on human AML
LSC and normal HSC by flow cytometry. HSC (Lin-CD34+
CD38-CD90+) from three samples of normal human mobi-
lized peripheral blood and AML LSC (Lin-CD34+CD38-
CD90-) from seven samples of human AML were analyzed
for surface expression of CD47 (FIG. 2). CD47 was
expressed at low levels on the surface of normal HSC; how-
ever. on average, it was approximately 5-fold more highly
expressed on AML LSC, as well as bulk leukemic blasts.

[0149] Anti-Human CD47 Monoclonal Antibody Stimu-
lates Phagocytosis and Inhibits Engraftment of AML LSC. In
order to test the model that CD47 overexpression on AML
LSC prevents phagocytosis of these cells through its interac-
tion with SIRPa. on effector cells, we have utilized a mono-
clonal antibody directed against CD47 known to disrupt the
CD47-SIRPa interaction. The hybridoma producing a
mouse-anti-human CD47 monoclonal antibody, termed
B6H12, was obtained from ATCC and used to produce puri-
fied antibody. First, we conducted in vitro phagocytosis
assays. Primary human AML LSC were purified by FACS
from two samples of human AML, and then loaded with the
fluorescent dye CFSE. These cells were incubated with
mouse bone marrow-derived macrophages and monitored
using immunofluorescence microscopy (FIG. 2) and flow
cytometry (FIG. 3) to identify phagocytosed cells. In both
cases, no phagocytosis was observed in the presence of an
isotype control antibody; however, significant phagocytosis
was detected with the addition of the anti-CD47 antibody.
Thus, blockage of human CD47 with a monoclonal antibody
is capable of stimulating the phagocytosis of these cells by
mouse macrophages.

[0150] We next investigated the ability of the anti-CD47
antibody to inhibit AML LSC engraftment in vivo. Two pri-
mary human AML samples were either untreated or coated
with the anti-CD47 antibody prior to transplantation into
NOG newborn mice. 13 weeks later, the mice were sacrificed
and analyzed for human leukemia bone marrow engraftment
by flow cytometry (FIG. 5). The control mice demonstrated
leukemic engraftment while mice transplanted with the anti-
CD47-coated cells showed little to no engraftment. These
data indicate that blockade of human CD47 with a mono-
clonal antibody is able to inhibit AML LSC engraftment.
[0151] CD96 is a Human Acute Myeloid Leukemia Stem
Cell-Specific Cell Surface Molecule. CD96, originally
termed Tactile, was first identified as a T cell surface molecule
that is highly upregulated upon T cell activation. CD96 is
expressed at low levels on resting T and NK cells and is
strongly upregulated upon stimulation in both cell types. It is
not expressed on other hematopoietic cells, and examination
of its expression pattern showed that it is only otherwise
present on some intestinal epithelia. The cytoplasmic domain
of CD96 contains a putative [TIM motif, but it is not know if
this functions in signal transduction. CD96 promotes adhe-
sion of NK cells to target cells expressing CD153, resulting in
stimulation of cytotoxicity of activated NK cells.

[0152] Preferential Cell Surface Expression of Molecules
Identified from Gene Expression Analysis. Beyond CD47 and
CD96, several of the molecules listed in FIG. 2B are known to
be expressed on AML LSC, including: CD123, CD44, and
CD33. The remaining molecules have not been previously
reported or identified as preferentially expressed on human
AML LSC compared to their normal counterparts. We have
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examined cell surface expression of two of these molecules
by flow cytometry to determine if there is preferential expres-
sion on AML LSC compared to normal HSC.

[0153] In order to evaluate the other candidate genes in
FIG. 1B, we screened this list for those molecules not likely to
be expressed on normal HSC based on raw array expression
values. Next, using published reports, we investigated the
tissue expression pattern of these genes, in order to identify
those with very restricted patterns of expression for which
monoclonal antibodies would have few targets besides the
leukemia cells. Based on these methods, two promising genes
were identified: Parathyroid Hormone Receptor 2 and Hepa-
titis A Virus Cellular Receptor 2 (also known as TIM-3: T cell
immunoglobulin mucin 3). Parathyroid Hormone Receptor 2
(PTHR2) is normally expressed in the pancreas and in some
areas of the central nervous system. Its primary ligand is a
peptide termed tuberoinfundibular peptide 39 (TIP39). Hepa-
titis A Virus Cellular Receptor 2 (HAVCR2) is normally
expressed on a subset of T lymphocytes. Its primary ligand is
a molecule named Galectin-9.

[0154] Validation of additional sequences utilize specific
antibodies and testing by flow cytometry, with comparison to
normal multipotent progenitor cells.

Example 2

[0155] CD99is asurface glycoprotein with highest expres-
sion on T cells where it may function in cellular adhesion.
CD99 expression on HSC (Lin-CD34+CD38-CD90+) from
three samples of normal human cord blood and AML LSC
(Lin-CD34+CD38-CD90-) from seven samples of human
AML was determined by flow cytometry (FIG. 6). CD99 was
expressed at low levels on the surface of normal HSC; how-
ever. on average, it is approximately 5-fold more highly
expressed on AML LSC. CD97 is normally expressed on
most mature hematopoietic cells and is upregulated on acti-
vated lymphocytes where it may function in cellular migra-
tion and adhesion. Gene expression profiling indicates low to
absent expression of CD97 in HSC and MPP, with approxi-
mately 10-fold higher expression in AML LSC. CD97
expression on normal cord blood HSC and AML LSC was
examined by flow cytometry and found to be absent on HSC
and high on 5 out of 7 AML LSC samples (FIG. 7).

[0156] We examined the surface expression of CD97,
CD99, CD180, and TIM3 (HAVCR?2) on several samples of
HSC (from both normal bone marrow and cord blood) and
multiple samples of de novo human AML, using flow cytom-
etry. We found increased expression of each of these mol-
ecules on AML LSC with low to absent expression on HSC
(FIGS. 8-10). We also investigated the expression of PTH2R
in bone marrow HSC and AML LSC using quantitative real-
time PCR, as no monoclonal antibody validated for flow
cytometry is available for this antigen. We found no expres-
sion of PTHR2 in HSC with increased expression in AML
LSC.

Example 3

Prospective Separation of Normal and [eukemic
Stem Cells Based on Differential Expression of
TIM-3, a Novel Human AML Stem Cell Marker

[0157] Hematopoietic tissues in acute myeloid leukemia
(AML) patients contain both leukemia stem cells (LSC) and
residual normal hematopoietic stem cells (HSC). The ability
10 prospectively separate residual HSC from LSC facilitates
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scientific and clinical investigation, including purging for
autologous hematopoietic cell transplants. We report here the
identification of TIM-3 as a novel AML stem cell surface
marker that is highly expressed on multiple specimens of
AML LSC, but not on normal bone marrow HSC. TIM-3
expression was detected in all cytogenetic subgroups of
AML, but was significantly higher in AML-associated with
core binding factor translocations or mutations in CEBPA. By
assessing engraftment in NOD/SCID/IL2Ry-null mice, we
determined that normal bone marrow HSC do not express
TIM-3, whereas LSC from multiple AML specimens express
high levels of TIM-3. Finally, TIM-3 expression enabled the
prospective separation of HSC from LSC in multiple primary
human AML samples.

[0158] Cell surface proteins preferentially expressed on
AML LSC compared to normal HSC, include CD123, CD44,
CLL-1, CD96, and CD47. Such antigens have important
clinical applications including: targeting with therapeutic
monoclonal antibodies, monitoring of minimal residual dis-
ease by flow cytometry, and prospective separation of LSC
and HSC. Monoclonal antibodies targeting several of these
antigens have shown promise in pre-clinical models and are
in active clinical development. Increased expression of
CLL-1 within the Lin-CD34+CD38- compartment predicted
relapse in two AML patients in remission, suggesting a role
for LSC surface markers in monitoring minimal residual dis-
ease. Thus far, prospective separation of LSC from HSC has
only been reported for a single patient on the basis of differ-
ential expression of CD47.

[0159] Here we report the identification of a novel AML
stem cell surface marker, T-cell immunoglobulin mucin-3
(TIM-3). TIM-3 is normally expressed on Th1-T cells, den-
dritic cells, and monocytes. We found that TIM-3 is highly
expressed on multiple specimens of AML LSC but not on
normal bone marrow HSC. Significantly, differential expres-
sion of TIM-3 enabled the prospective separation of LSC
from HSC in multiple primary human AML samples.

Results

[0160] TIM-3 Is More Highly Expressed on AML LSC
Than on Normal Bone Marrow HSC. We identified increased
expression of TIM-3 in primary human AML LSC compared
to normal bone marrow HSC. On this basis, we investigated
cell surface expression of TIM-3 protein in AML by flow
cytometry. TIM-3 was more highly expressed on multiple
specimens of Lin-CD34+CD38- AML LSC compared to
normal bone marrow HSC; however, TIM-3 expression was
not significantly different between bulk AML cells and the
LSC-enriched fraction (FIG. 11A, B). Moreover, a greater
percentage of Lin-CD34+CD38- cells expressed TIM-3 in
multiple specimens of AML than in normal bone marrow
(FIG. 11C). TIM-3 was expressed on 18 out of 20 patient
specimens examined, which consisted of diverse clinical and
molecular subtypes.

[0161] Because TIM-3 expression was similar on bulk
AML cells and the LSC-enriched fraction, we used bulk AML
gene expression data from a previously described cohort of
526 adult AML patients to examine TIM-3 expression across
cytogenetic and molecularly-defined subgroups of AML.
Across cytogenetic subgroups, TIM-3 was more highly
expressed in AML associated with core binding factor trans-
locations, t(8;21)(q22;922) and idt(16), but was still detected
in samples from other subtypes. In NKAML, no significant
associations were identified between TIM-3 expression and
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either FLT3-ITD or NPMlc mutations; however, higher
TIM-3 expression was detected in the presence of mutations
in one or both copies of CEBPA.

[0162] TIM-3 Is Not Expressed On Functional Normal
Bone Marrow HSC. TIM-3 expression was detected on a
minority of cells within the Lin-CD34+CD38- compartment
of normal bone marrow by flow cytometry. To investigate the
function of TIM-3 expressing cells in this HSC-enriched frac-
tion, we used fluorescence-activated cell sorting (FACS) to
purify Lin-CD34+CD38-TIM-3+ and Lin-CD34+CD38-
TIM-3- subpopulations of normal bone marrow (FIG. 11D)
and assessed each subpopulation by transplantation into
NOD/SCID/IL2Ry*# (NSG) mice. Consistent with HSC
function, Lin-CD34+CD38-TIM-3- normal bone marrow
cells engrafted long-term lympho-myeloid hematopoiesis, as
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indicated by the presence of human CD45+CD19+ lymphoid
cells and human CD45+CD33+ myeloid cells in the bone
marrow 12 weeks post-transplant (FIG. 11E). However, at an
equal cell dose, Lin-CD34+CD38-TIM-3+ normal bone
marrow cells did not engraft lympho-myeloid hematopoiesis,
but did engraft one mouse with lymphoid-restricted human
CD45+CD19+ cells (FIG. 11E), suggesting that this popula-
tion may contain a downstream multipotent or lymphoid-
restricted progenitor. Similar results were obtained with a
second normal bone marrow specimen. In total, 5 out of 7
mice transplanted with Lin-CD34+CD38-TIM3- cells
exhibited HSC function compared to 0 out of 6 mice trans-
planted with Lin-CD34+CD38-TIM3+ cells (Table 4A).
These results indicate that TIM-3 is not expressed on func-
tional normal bone marrow HSC.

TABLE 4

Summary of in vivo engraftment in NSG mice from (A) normal human

bone marrow and (B) primary human AML samples.
Lin-CD34+CD38-TIM-3- cells were not detected in AML

samples denoted with an (*). (C) Success of prospective isolation of
TIM-3- normal HSC from 6 AML samples with residual normal

hematopoietic engraftment detected in NSG mice and 1 AML sample

with residual normal hemaropoietic methyleellulose colony formation

activity (¥).
A
Lympho- Lymphoid-
Cell Myeloid HSC restricted
NBM Sample  Cell Population Dose Engraftment Engrafiment
NBMOS Lin-CD34+CD38-TIM-3+ 600 0/3 1/3
Lin-CD34+CD38-TIM-3- 600 2/3 13
NBMO6 Lin-CD34+CD38-TIM-3+ 1230 0/3 0/3
Lin-CD34+CD38-TIM-3- 5500 272 0/2
1230 172 12
Summary Lin-CD34+CD38-TIM-3+ 0/6 1/6
Lin-CD34+CD38-TIM-3- 3/7 217
B.
Cell Leukemic Secondary
AML Sample  Cell Population Dose Engraftment Engraftment
SU001* Lin-CD34+CD38-TIM-3+ 344,000 3/3
SU004* Lin-CD34+CD38-TIM-3+ 240,000 3/3
SU018 Lin-CD34+TIM-3+ 350,000 22
Lin-CD34+TIM-3- 12,000 22 22
12,000 0/2
SU028* Lin-CD34+CD38-TIM-3+ 350,000 2/2
22,000 4/4 4/4
SU030 Lin-CD34+CD38-TIM-3+ 200,000 22
Lin-CD34+CD38-TIM-3- 20,000 22
400 0/4
Summary Lin-CD34+(CD38-)TIM-3+ 20720 6/6
Lin-CD34+(CD38-)TIM-3- 0/6
C.
Prospective Separation of
AML Sample Residual Normal HSC TIM-3- HSC
SU008 Yes No
SU014 Yes No
SU030 Yes Yes
SU031 Yes Yes
SU035 Yes No
SU036 Yes No
SUb43 Yes” Yes
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[0163] TIM-3 Is Highly Expressed On Functional AML
Stem Cells. We next investigated whether TIM-3 was
expressed on functional AML stem cells from five patient
samples, as defined by the capacity to transplant long-term
leukemic engraftment in NSG mice. In three of these five
cases, all Lin-CD34+CD38- cells were TIM-3+, and each
Lin-CD34+CD34-TIM-3+ cell population engrafted NSG
mice with leukemia (Table 4B). In one AML sample with
heterogeneous TIM-3 expression, FACS-purified Lin-
CD34+TIM-3+ cells were able to transplant the disease into
primary and secondary NSG recipients, whereas an equal
dose of Lin-CD34+TIM-3- cells failed to transplant the dis-
ease (FIGS. 11F,G). Similarly, functional LSC were con-
tained within the Lin-CD34+CD38-TIM-3+ fraction but
absent from the Lin-CD34+CD38-TIM-3- fraction of a sec-
ond sample (FIG. 13). In summary, LSC were restricted to the
TIM-3+ fraction of the Lin-CD34+ or Lin-CD34+CD38-
compartment in all five engrafting AML samples tested
(Table 4B). These results indicate that TIM-3 is highly
expressed on functional AML LSC from multiple patients.

[0164] Prospective Separation of Normal HSC From LSC
in a Series of AML Patients. We identified seven primary
AML specimens with a high percentage of leukemia cells
(mean and median blast counts of 80% and 86% respectively)
which exhibited evidence of residual normal hematopoietic
stem/progenitor function, as assessed by engraftment of lym-
pho-myeloid hematopoiesis in NSG mice and/or normal
erythro-myeloid colony-forming activity in complete meth-
ylcellulose (Table 4C). Because we detected TIM-3 expres-
sion on functional AML LSC, but not normal bone marrow
HSC, we investigated the ability of differential TIM-3 expres-
sion to discriminate residual normal HSC from LSC in the
same patient sample, and permit the prospective separation of
these critical stem cell populations.

[0165] Three of these seven samples had rare TIM-3-
populations which constituted between 0.04% and 3.7% of
the Lin-CD34+CD38- compartment (FIGS. 12A,D and
13A). In each case, Lin-CD34+CD38-TIM3- and Lin-
CD34+CD38-TIM3+ cells were isolated by FACS and func-
tionally assayed by transplantation in NSG mice and/or
colony formation in complete methylcellulose. Each rare
TIM3- population exhibited normal HSC function with long-
term lympho-myeloid engraftment in vivo (FIGS. 12B and
13C) and/or normal methylcellulose colony formation in
vitro (FIGS. 12E and 13B). To further investigate the rela-
tionship between these residual functionally normal HSC and
the leukemic clone, Lin-CD34+CD38-TIM3- FACS-puri-
fied cells, methylcellulose colonies derived from this popu-
lation, and bone marrow cells from NSG mice engrafted with
this population were assessed for the presence of known
molecular mutations present in the leukemia (FLT3-ITD or
inv(16)). In each case, the molecular mutation was detected in
the TIM3+ cells but not in the rare TIM-3- cells (FIGS. 12C,F
and 13D).

[0166] Invivoleukemic engraftment was not observed with
wo of these samples (SU031 and SU043) despite transplan-
tation of greater than 10° cells in NSG mice (Table 4B),
consistent with the previously reported inability of some pri-
mary human AML specimens to engraft in immunodeficient
mice. In contrast, the third sample (SU030) exhibited both
normal hematopoietic and leukemic engraftment in NSG
mice in vivo. In this case, Lin-CD34+CD38-TIM3- cells
engrafted FLT3-ITD-negative long-term lympho-myeloid
hematopoiesis, whereas Lin-CD34+CD38-TIM3+ cells
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engrafted FLT3-ITD-positive long-term myeloid-restricted
leukemic engraftment (FIG. 13C,D). Thus, differential
TIM-3 expression discriminates residual normal HSC from
LSC in these three AML patient samples (Table 4C), permit-
ting the prospective separation of these critical stem cell
populations.

[0167] Wereport here the identification of TIM-3 as a novel
AML stem cell surface marker that is highly expressed on
multiple specimens of AML LSC, but not on normal bone
marrow HSC. TIM-3 expression was detected in all cytoge-
netic subgroups of AML, but was significantly higher in
AML-associated with core binding factor translocations or
mutations in CEBPA. By assessing engraftment in NSG mice,
we determined that normal bone marrow HSC do not express
TIM-3, whereas LSC from multiple AML specimens express
high levels of TIM-3. Finally, TIM-3 expression enabled the
prospective separation of HSC from L.SC in three out of seven
AML samples with residual normal HSC function.

[0168] TIM-3 is normally expressed on Thl-T cells, den-
dritic cells, and monocytes, where downstream signal trans-
duction is induced by cross-linking with its ligand Galectin-9
(GAL-9). The GAL-9/TIM-3 axis is a potent regulator of
adaptive and innate immune responses. TIM-3 is expressed at
low levels on naive T cells, but is increased upon T cell
activation and differentiation into Thl cells. GAL-9 binding
to TIM-3 on Th1 cells results in activation of NFkB and
eventually apoptotic cell death, and in this way TIM-3 serves
to dampen Th1 immune responses. In dendritic cells, TIM-3
signal transduction also stimulates NFkB activity, which
leads to dendritic cell activation rather than apoptosis. Cur-
rently, the signal transduction pathways downstream of
TIM-3 are unknown, but GAL-9 binding to TIM-3 can result
in tyrosine phosphorylation of TIM-3.

[0169] Elevated TIM-3 expression may directly contribute
to AML pathogenesis through either a cell-intrinsic mecha-
nism or by disrupting anti-AML leukocyte activity. One
potential cell-intrinsic mechanism involves stimulation of
NFkB activity downstream of TIM-3 signal transduction in
LSC. NFkB is active in AML LSC, and several pharmaco-
logic inhibitors have been shown to have efficacy against
primary LSC. Alternatively, TIM-3 may contribute to leuke-
mogenesis by decreasing the concentration of unbound
GAL-9 in the leukemic microenvironment. Attenuating
GAL-9/TIM-3 signaling in infiltrating immune cells may
result in decreased macrophage and dendritic cell pro-inflam-
matory signaling and activation. We recently demonstrated
that phagocytic cells of the innate immune system, including
macrophages and dendritic cells, play a key role in leukemic
pathogenesis, and that most AML LSC have increased
expression of CD47 to avoid phagocytosis. Thus, attenuation
of GAL-9/TIM-3 signaling may be an additional mechanism
to inhibit the innate immune response to AML.

[0170] Inaddition to a potential role in leukemic pathogen-
esis, TIM-3 is an excellent candidate for AML LSC-targeted
therapeutic monoclonal antibodies. The absence of TIM-3
expression on functional normal bone marrow HSC and
residual HSC in AML samples, in contrast to high expression
on multiple samples of AML LSC, provides the rationale for
developing such antibodies. Recently, we demonstrated that a
blocking monoclonal antibody directed against CD47, a pro-
tein overexpressed on LSC, eliminated AML LSC by stimu-
lating phagocytosis through Fe receptor-independent mecha-
nisms. In this context, anti-TIM-3 antibodies able to bind and
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activate Fc receptors synergize with anti-CD47 antibodies to
induce more effective phagocytic elimination of AML LSC.
[0171] A major result from the current study is the prospec-
tive separation of residual HSC from AML LSC based on
differential expression of TIM-3. Such prospective separation
has several clinical applications. Autologous hematopoietic
cell transplantation (AHCT) has been utilized in the treatment
of AML, including investigation of protocols employing ex
vivo chemotherapy to eradicate residual leukemic cells in the
autograft. AHCT has fallen out of mainstream clinical prac-
tice due to equivalence to conventional chemotherapy. How-
ever, purification of LSC-depleted functionally normal HSC
may improve AHCT outcomes and broaden the use of AHCT
to patients who do not achieve complete remission. Second,
the ability to differentiate HSC and LSC by flow cytometry
enables evaluation of LSC-targeted therapeutics and predic-
tion of relapse based upon minimal residual disease monitor-
ing at the level of the LSC. This possibility is supported by the
demonstration that increased expression of the LSC marker
CLL-1 in the CD34+CD38- bone marrow fraction from two
AML patients in remission correlated with relapse.

[0172] Lastly, prospective separation of residual function-
ally normal HSC from LSC based on TIM-3 expression fur-
ther provides an opportunity to map the accumulation of
mutations leading to AML. Because leukemogenesis
involves the multistep accumulation of rare mutations, pre-
leukemic mutations likely accumulate in self-renewing HSC.
Ultimately, the novel ability to prospectively isolate function-
ally normal HSC from AML patients could enable the direct
identification of pre-leukemic mutations and may serve as an
entry point into observing the accumulation of leukemogenic
events in pre-leukemic HSC.

Materials and Methods

[0173] Human Samples. Normal human bone marrow
mononuclear cells were purchased from AlICells Inc. (Em-
eryville, Calif., USA). Human AML. samples were obtained
from patients at the Stanford Medical Center with informed
consent, according to IRB-approved protocols (Stanford
IRB# 76935 and 6453).

[0174] Animal Care. All mouse experiments were con-
ducted according to an TACUC-approved protocol and in
adherence to the NIH Guide for the Care and Use of Labora-
tory Animals.

[0175] Flow Cytometry Analysis and Cell Sorting. A panel
of antibodies was used for analysis and sorting of AML LSC
(Lin-CD34+CD38-) and HSC (Lin-CD34+CD38-CD90+)
as previously described. For AML samiples, the lineage con-
sisted of CD3, CD19, and CD20. TIM-3 antibody clone
344823 (R&D Systems, Minneapolis, Minn., USA) was

Jan. 20, 2011

used. Human CD34-positive cells were enriched from normal
bone marrow by magnetic selection (StemCell Technologies,
Vancouver, BC, Canada).

[0176] Methylcellulose Colony Assay. Erythro-myeloid
colony formation was assayed by culturing hematopoietic
cells in complete methylcellulose (Methocult GF+ H4435,
Stem Cell Technologies). Colony formation was assayed
after 14 days in culture by microscopy. Colony types scored
were: CFU-GEMM, colony forming unit—granulocyte,
erythrocyte, monocyte, megakaryocyte, BFU-E, blast form-
ing unit—erythrocyte, CFU-E, colony forming unit—eryth-
rocyte, and CFU-GM——colony forming unit—granulocyte,
monocyte.

[0177] NSG Xenotransplantation Assay. FACS-purified
cell populations were transplanted into newborn NOD/SCID/
IL2Ry-null (NSG) mice conditioned with 100 rads of irradia-
tion. After twelve weeks, mice were sacrificed and peripheral
blood and bone marrow were analyzed for human myeloid
engraftment (hCD45+CD33+) and human lymphoid engraft-
ment (hCD45+CD19+). For secondary transplantation,
whole mouse bone marrow cells from primary mice contain-
ing 10,000 human leukemic cells were transplanted into irra-
diated newborn NSG mice and analyzed for engraftment 12
weeks later by flow cytometry.

[0178] Microarray Analysis of TIM-3 Expression. Raw
Affymetrix CEL files (n=526) were downloaded from NCBI
GEO (GSE14468) and normalized using MASS in Biocon-
ductor. Arrays were scaled to median intensity of 500 and
transformed to log2 values. We used a custom CDF (Chip
Definition File) to map array 22-mers to Refseq mRNA
accessions (44). TIM3/HAVCR2 was represented by the
probe summarization corresponding to Refseq accession
NM_ 032782. NKAML samples (n=219) were identified as
having “Normal” karvotype and non-M3 (acute promyelo-
cytic leukemia) FAB subtype. Boxplots of TIM3 expression
were generated in R across all karyotypes (n=526), and across
FLT3-ITD, NPM1, and CEBPA mutation groups for
NKAML (n=219). Association of TIM3 to karyotypic groups
and mutational status was evaluated by ANOVA.

[0179] PCR analysis for inv(16) and FLT3-ITD. Total RNA
was isolated by Rneasy Micro Kit (Qiagen). cDNA was
reverse transcribed with SuperScript 111 First-Strand Synthe-
sis Kit (Invitrogen). Inv(16) was detected by PCR with the
following primers: CBFB-C (F) 5-GGGCTGTCTG-
GAGTTTGATG-3' and MYH11-B2 (R) 5-TCCTCTTCTC-
CTCATTCTGCTC-3". Genomic DNA was isolated by Gen-
tra Puregene Cell Kit (Qiagen). FLT3-ITD was detected by
PCR with the following primers: FLT3 11F (F) 5'-GCAATT-
TAGGTATGAAAGCCAGC-3' and FLT3  12R(R)
5-CTTTCAGCATTTTGACGGCAACC-3'.

SEQUENCE LISTING

«<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer



US 2011/0015090 Al

Jan. 20, 2011

-continued

<400> SEQUENCE: 1

gggctgtety gagtttgatg

<210> SEQ ID NO 2

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 2

teetettete cteattetge te

<210> SEQ ID NO 3

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: synthetic primer

<400> SEQUENCE: 3

gcaatttagg tatgaaagcc agce

<210> SEQ ID NO 4

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: synthetic primer
<400> SEQUENCE: 4

ctttcageat tttgacggca acc

20

22

23

23

What is claimed is:

1. A method for characterizing an acute myeloid leukemia
from a patient, the method comprising:

contacting a patient sample with reagents specific for a

differentially expressed marker or combination of mark-
ers set forth in Table 1;

quantitating the number of marker expressing cancer cells,

wherein the presence of marker expressing cancer cells is

indicative of the presence of AML stem cells (AMLSC).

2. The method of claim 1, wherein the quantitating is
performed by flow cytometry.

3. The method of claim 1, wherein the quantitating is
performed by immunohistochemistry.

4. The method of claim 1, wherein the sample is a blood
sample.

5. The method of claim 1, wherein the patient has been
diagnosed as having AML.

6. The method of claim 5, wherein the patient is undergoing
treatment for AML.

7. The method according to claim 1, wherein said patient is
a human.

8. The method of claim 1, wherein the marker is selected
from CD97, CD99, CD180 and TIM3.

9. A kit for use in the method of claim 1.

10. A method of screening a candidate chemotherapeutic
agent for effectiveness against an AMLSC, the method com-
prising:

contacting an AMLSC expressing a polypeptide set forthin

Table 1 with a candidate agent, and

determining the effectiveness of said agent against said
AMLSC.

11. A method of targeting or depleting AML cancer stem
cells, the method comprising contacting reagent blood cells
with an agent that specifically binds a marker or combination
of markers set forth in Table 1 in order to target or deplete
AMLSC.

12. The method of claim 11, wherein the agent is an anti-
body.

13. The method of claim 11, wherein the marker is selected
from CD97, CD99, CD180 and TIM3.

14. The method of claim 12, wherein the agent is a bispe-
cific antibody that binds two markers set forth in Table 1.

15. A therapeutic formulation for use in the method of
claim 11.

16. A method for the diagnosis or staging of AML, the
method comprising:

determining the upregulation of expression of a genetic

sequence selected from those listed in Table 1.

17. The method according to claim 16 wherein said deter-
mining comprises detecting increased or decreased amounts
of mRNA or polypeptide in a sample of cancer cells.

18. The method according to claim 16, wherein expression
is determined by hybridization to an array.

19. The method according to claim 18, wherein said array
comprises two or more sequences set forth in Table 1.

®o% ok % %
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