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(57) ABSTRACT

Provided herein is a method for diagnosing/prognosing a
metastatic cancer in a subject by measuring and detecting
one or more of CS-ANXA2, DCAMKIL, Lgr5 or CS-
ANAX2 and DCAMKL or CS-ANXA2 and Lgr5 positive
circulating tumor stem cells in the subject’s blood or plasma.
Also provided is a method for distinguishing the presence of
early stage primary cancer from advanced stage metastatic
cancer in the subject by measuring and detecting
AnnexinA2, CS-ANXA2 and DCAMKL-1 or Lgr5 in the
blood or plasma. In addition, there is provided a method for
distinguishing the presence of benign, pre-cancerous tumor-
ous growths or cancerous tumors in the subject by measur-
ing and detecting AnnexinA2 and circulating tumor stem
cells positive for CS-ANXA2 and DCAMKL or
CS-ANXA2 and Lgr5 in the blood or plasma.
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DIAGNOSIS OF BENIGN AND CANCEROUS
GROWTHS BY MEASURING CIRCULATING
TUMOR STEM CELLS AND SERUM
ANNEXINA2

CROSS-REFERENCES TO RELATED
APPLICATION

This nonprovisional application is a continuation of U.S.
patent application Ser. No. 13/135,141, filed Jun. 27, 2011
which claims benefit of priority under 35 U.S.C. § 119(e) of
provisional U.S. Ser. No. 61/398,642, filed Jun. 28, 2010,
and U.S. Ser. No. 61/398,644, filed Jun. 28, 2010, the
entireties of which are hereby incorporated by reference.

FEDERAL FUNDING

This invention was made with government support under
Grant Number RO1CA097959 awarded by the National
Institutes of Health. The government has certain rights in the
invention.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to the fields of
detection and diagnosis and, more specifically, to diagnosis
of the presence of early stage (primary) or late stage (meta-
static) cancerous tumors, using a combinatorial approach of
measuring circulating tumor stem cells and serum
AnnexinA2.

Description of the Related Art

Developing relatively simple, non-invasive methods for
diagnosing the presence of either benign tumors, such as
colonic hyperplasia, adenomatous polyps, or cancerous
tumors, such as adenocarcinomas at different stages of the
disease, has remained a challenge. Early stages of epithelial
cancers are defined as cancerous tumors limited within the
tissues of origin, e.g., primary tumors, while later stages of
cancer represent metastatic growths either within the lymph
nodes or at distant sites away from the primary cancerous
growth, such as metastatic growths in the lung/liver of
colorectal carcinomas. With the advent of sophisticated
proteomics in the past 7 years, investigators discovered that
AnnexinA2 (ANXA2) is increasingly expressed by epithe-
lial tumors in relation to stage of the disease (1-16).
AnnexinA?2 is normally present intracellularly and performs
important functions of cellular trafficking (17). However,
rapidly proliferating tumor cells (especially at leading edges
of tumors) express membrane-associated extracellular, cell-
surface associated AnnexinA2 (CS-ANXA2) (1-3,8,10-16,
18). Other members of Annexin family (Annexin A4,
Annexin A3) are reportedly over-expressed in ovarian can-
cers, and increase chemo resistance (19,20). Both tetrameric
and monomeric forms of AnnexinA2 have been described on
cell surface of endothelial and tumor cells (12,21).

As described above, surface-associated ANXA2 (CS-
ANXA2) is increasingly expressed by many solid tumors,
including colorectal (CRCs) and pancreatic cancers.
ANXA?2 lacks transmembrane domains and is tethered to the
cell surface by binding to a 26Kda transmembrane protein
(11,31). Surface-associated ANXA2 was significantly
increased in colorectal adenomas and adenocarcinomas vs
corresponding normal colonic mucosa (18).

Measuring circulating tumor cells in the blood of patients
is a relatively new concept for diagnosing cancer, and is as
yet in its infancy (52-55). Presence of circulating tumor cells
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likely predicts metastasis, and can be useful for monitoring
recurrence (relapse) of the disease, post-treatment (56-60).
Circulating tumor cells are detected by using many different
methods, including immunocytochemistry (IHC) for epithe-
lial markers such as cytokeratine-19 (CK19), and RT-PCR
analysis for cancer-cell specific transcripts (61,62). Effi-
ciency of such tests are poor, because of the rare presence of
cancer cells within a very large number of blood cells
(1-1000 CTCs in 10° blood cells/ml blood). Negative selec-
tion by excluding blood cells has been used to enumerate
circulating tumor cells (63). Positive selection of circulating
tumor cells using antibodies (Abs) against epithelial cell
surface proteins such as cell adhesion protein EpCAM is
currently being used (64). Circulating tumor cells, positive
for EpCAM, are captured using microfluoridic CTC-Chip
devices (64) and immunomagnetic bead-based methods (18,
57). Isolated circulating tumor cells are confirmed by CK19
staining or Her2 amplification (53,65). Negative staining for
CD45 (a Leukocyte marker) is also used (52). It is postulated
that invasive cancer cells, going through epithelial mesen-
chymal transition (EMT), lose expression of cell surface
EpCAM (66). Thus invasive circuiting tumor cells, with the
highest metastatic potential, may be under-evaluated using
anti-EpCAM Abs (52,66,67). Besides, efficacy of different
EpCAM-Abs for capturing circulating tumor cells differs
significantly (68). Thus, there is a recognized need in the art
for efficient and effective methods of measuring circulating
tumor cells.

The presence of CTCs in the blood will not detect the
presence of benign tumors at a pre-cancerous stage, such as
adenomatous polyps growing in the colon of the patients.
The escape of cancer cells from a pre-cancerous growth,
such as adenomas, is much less likely since the basement
membrane for such tumors is still intact. However, the
pre-cancerous benign tumorous growths are well vascular-
ized with blood vessels, and tumor-specific antigens can be
secreted into the blood supply. Significant levels of
AnnexinA?2 are present in the serum of patients with breast
(2,3), hepatocellular (17), and lung (79) cancers. So while
one can potentially diagnose and predict the presence of
cancerous tumors using the newly described assays for
either circulating tumor cells or cancer specific antigens,
such as Her/neu, PSA or AnnexinA2, no diagnostic tests
have been described to predict the presence of pre-cancer-
ous, benign tumors (such as colon polyps) in the patients.

There is thus a recognized need in the art for effective
methods of detecting the presence of benign pre-cancerous
tumors, before they convert into cancerous growths, as a
preventative measure. The present invention fulfills this
long-standing need and desire in the art.

SUMMARY OF THE INVENTION

The present invention is directed to a method of distin-
guishing the presence of benign, pre-cancerous tumorous
growths in an individual from a subject who lacks the
presence of either benign or cancerous growths by measur-
ing the amount of AnnexinA2 in the blood or serum of the
individual, in combination with measuring the presence of
circulating tumor stem cells, positive for CS-ANXA2 and
stem cell markers DCAMKI and Lgr5 in the blood or
plasma of the individual. Presence of significant levels of
AnnexinA2 in the blood or serum of the subject in the
absence of any detectable circulating tumor stem cells
positive for CS-ANXA2 or DCAMKL or Lgr5 is diagnostic/
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prognostic for the presence of benign, pre-cancerous tumor-
ous growths in the individual, in the absence of cancerous
tumors.

The present invention is also directed to a method of
distinguishing the presence of early stage cancers (primary
cancer) from late stage cancers (metastatic cancers) in a
subject in need of such treatment, comprising the step of
measuring the amount of AnnexinA2 in the blood or serum
of said subject.

The present invention is further directed to a method of
identifying whether a subject has or will have a metastatic
cancer, comprising the step of measuring circulating tumor
stem cells positive for CS-ANXA2 and stem cell markers
DCAMKI.-1 or Lgr5 in blood or plasma of said individual,
wherein the presence of CS-ANXA2+DCAMKL-1 or Lgr5
positive circulating tumor stem cells is diagnostic/prognos-
tic for metastatic cancer or relapse of the cancer disease.

Other and further objects, features, and advantages will be
apparent from the following description of the presently
preferred embodiments of the invention, which are given for
the purpose of disclosure.

BRIEF DESCRIPTIONS OF THE DRAWINGS

So that the matter in which the above-recited features,
advantages and objects of the invention, as well as others
which will become clear, are attained and can be understood
in detail, more particular descriptions of the invention
briefly summarized above may be had by reference to
certain embodiments thereof which are illustrated in the
appended drawings. These drawings form a part of the
specification. It is to be noted, however, that the appended
drawings illustrate preferred embodiments of the invention
and therefore are not to be considered limiting in their scope.

FIGS. 1A-1B depict the role of ANXA2 in endocytosis of
PG. FIG. 1A: The presence of cell-surface associated
AnnexinA2 (CS-ANXAZ2) on IEC18 cells was confirmed by
FACScan. The fluorescence intensity of cells labeled with
anti-ANXA2-Abs was increased >10 fold compared to cells
labeled with control IgG. FIG. 1B: IEC18 cells, cultured on
glass coverslips, were stimulated with PG for 0-30 min and
labeled with fluorescent Abs against ANXA2 (green) and PG
(red) and imaged at 60x by confocal microscopy. Represen-
tative images at 0, 10 and 30 min are presented in FIG. 1B.

FIGS. 2A-2B are specimens processed for IF staining
with anti-ANXA2-IgG and DAPI and co-localization
PG/ANXA?2 in human colon. FIG. 2A: Paraffin-embedded
sections from representative normal colon, Ad and AdCA
specimens from patients, processed for IF staining with
anti-ANXA2-IgG and DAPI (for nuclear staining) is shown.
FIG. 2B: Co-localization PG/ANXA?2 in human colon. Par-
affin embedded sections of normal human colon and colon
tumors were stained for ANXA2 and Progastrin using spe-
cific Abs and detected by secondary Abs coupled to either
Alexa 488 (Anti-mouse) or 594 (Anti-rabbit). Bottom panels
show magnified view of the marked insets

FIGS. 3A-3D show that PG up-regulates DCAMKI -1
and CD44 expression in colonic crypts of C57B1/J6 mice.
FIG. 3A: C57Bl/J6 Mice were injected with 0 nM, 1 nM and
10 nM recombinant human progastrin (thPG) twice a day for
10 days. Colonic crypts were then isolated from the mice
and measured for their lengths. FIG. 3B: Representative
tissue sections from mid-colons of mice, treated with either
saline (OnM) or 10 nM-rhPG. Dashed lines represent aver-
age length of colonic crypts in the indicated mice. FIG. 3C:
Immunoblots of saline (0 nM) versus 10 nM-rhPG treated
mice are shown. The expression of DCAMKI -1 and CD44
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was analyzed. FIG. 3D: Mouse colon sections from the
saline (OnM) and 10 nM-rhPG treated mice were processed
for immunofluorescence (IF) staining with either anti-
DCAMKL+1-IgG (green) or anti-CD44-1gG (red). Relative
staining/cell for both DCAMKL+1/CD44 is increased in 10
nM PG colonic crypts.

FIGS. 4A-4E show that ANXA?2 expression is required
for the growth/signaling effects of progastrin in vivo. FIG.
4A: Representative immunoblot data demonstrating absence
of AnxA2 expression in colonic crypts of ANXA2-/- mice.
FIG. 4B: Representative tissue sections from mid-colons of
ANXA2+4/+/ANXA2—-/- mice, treated with either saline
(OnM) or 10 nM-rhPG. Dashed lines represent average
length of colonic crypts in the indicated mice. FIG. 4C: To
obtain accurate measurements of colonic-crypt lengths,
colons were processed for preparation of isolated colonic-
crypts, and lengths measured. Each bargraph=mean+SEM
of 30-50 isolated-crypt lengths from 3-5 mice. *=p<0.05
versus control (saline-treated) mice: T=p<0.05 versus respec-
tive ANXA2+/+ levels. FIG. 4D: Isolated colonic crypts
from mid-colons of the indicated genotypes were processed
for immunoblot analysis. Representative blots of 6-8 blots
from 3-4 mice are shown in FIG. 4D. Percent change in the
ratio of p65Ser276:total p65 and f-catenin: -actin, is shown
in FIG. 4E; each group represents mean+SEM of data from
3-5 separate mice. *=p<0.05 versus corresponding-control
(OnM PG) group.

FIGS. 5A-5D show that AnxA2 expression is required for
stimulatory effect of progastrin on CD44/DCAMKIL+1
expression in colonic crypts. Colonic crypts were isolated
from the mice and processed for immunoblot analysis.
Immunoblots from a representative mouse, of a total of 3-5
mouse blots, are shown in FIG. 5A. Immunoblot data from
all the mice are presented in FIG. 5B, as percent change in
the ratio of indicated proteins:f-actin. *=p<0.05 versus
corresponding control (OnM PG) values. FIG. 5C: Mouse
colon sections from the indicated 4 groups of mice were
processed for immunofluorescence staining with either anti-
DCAMKL+1-IgG (green) or anti-CD44-1gG (red). Repre-
sentative enlarged images from stained colonic crypts of
indicated mice are presented in FIG. 5C. Relative staining/
cell for both DCAMKL+1/CD44 is increased in PG-treated
ANXA2+/+ colonic crypts, but no significant differences
were observed in PG-treated ANXA2-/- mice compared to
corresponding controls. The percent cells (within a viewing
field at 20x magnification) positive for either DCAMKIL+1
or CD44 were counted in ten sections from 3-5 mice. Data
are presented as mean+SEM in FIG. 5D. #*=p<0.05 versus
corresponding control mouse sections; T=p<0.05 versus
corresponding ANXA2+/+ levels.

FIGS. 6A-6K shows that over-expression of PG in HEK-
293 cells induced activation of NFkB and f-catenin path-
ways resulting in an increase in stem cells populations. FI1G.
6A: Representative immunoblot data demonstrating full
length PG expression in HEK-mGAS cells vs HEK—C
cells. FIG. 6B: Representative immunoblot data demonstrat-
ing the relative expression of NFkB and its downstream
target cox-2 in HEK-mGAS cells vs HEK—C cells. FIG.
6C: Representative immunoblot data demonstrating the rela-
tive expression of f-catenin, c-myc and cyclin-D1 in HEK-
mGAS cells vs HEK—C cells. FIG. 6D: 3-catenin promoter
activity assay-HEK—C/HEK-mGAS cells, were transfected
with either FOPFlash or TOPFlash plasmids and 24 h after
transfection, promoter-activity was measured in terms of
luciferase-units. FIG. 6E: P65 DNA binding assay-HEK—
C/HEK-mGAS nuclear cell extracts were prepared and
processed for measuring binding of activated-NF-xB in a
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DNA-binding-assay. FIG. 6F: HEK—C/HEK-mGAS cells
growing on cover-slips were stained for the indicated stem
cell marker DCAMKL-1 (FIG. 6F), CD44 (FIG. 6G) and
LGRS (FIG. 6H). Representative immunoblot demonstrat-
ing expression levels of DCAMKI -1 and CD44 in HEK—
C/HEK-mGAS cells are shown in FIGS. 6I-6K.

FIGS. 7A-7F show measurements of ANXA2 in various
cells. FIG. 7A: Western blot (WB) of ANXA?2 in cellular
lysates of HEK—C and HEK-mGAS cells. $-actin was run
as controls. FIGS. 7B-7F are FACS data with antibodies
against indicated proteins from HEK—C and Hek-mGAS
(FIGS. 7B, 7C, 7F), HCT-116 (FIGS. 7D-7F) and KM (FIG.
7F) cell lines. FACS isolation of cells+ve for indicated
proteins is shown in FIGS. 7B, D7, 7E. Sorted cells stained
for ANXA2 are shown in FIG. 7C. % cells sorted for
indicated proteins from different cell lines are shown in FIG.
7F.

FIGS. 8A-8D show that PG over-expression in HEK-
mGAS cells increases tumorigenic and metastatic potential
of the cells in vivo. FIG. 8A: HEK—C and HEK-mGAS
cells were subdermally inoculated into the flank of the
athymic nude mice. As can be seen, HEK-mGAS grew
significantly larger tumors compared to the HEK—C control
cells. FIG. 8B: Table is presented. Only 1 out 6 mice
inoculated with HEK—C cells grew tumors whereas all 6
out 6 mice inoculated with HEK-mGAS cells grew as
tumors. HCT-116, which is a human colorectal cancer cell
line, was used as a positive control. FIG. 8C. HEK-mGAS
cells were inoculated into the spleen of the nude mice. The
spleen was removed 24 hours post inoculation. HEK-mGAS
cells metastasized to the liver (right panel). The liver was
removed and the metastatic growths visualized with the help
of GFP labeled progastrin peptide which binds CS-ANXA2
on the tumor cells. The green patches in the liver shown on
the left-hand panel are positive for the metastasized HEK-
mGAS cells. FIG. 8D: HEK-mGAS cells induced to over-
express luciferase were orthotopically inoculated into the
cecum of the nude mice. The HEK-mGAS-luciferase cells
metastasized to the liver (left panel). HEK-mGAS-luciferase
cells were also inoculated subdermally as a control (right
panel).

FIGS. 9A-9B show metastatic growth of HEK-mGAS in
the lung (FIG. 9A) and liver (FIG. 9B), was visualized by
H&E staining (as shown in the middle panels) and by IF
staining, using anti-ANXA?2 antibodies (lower-most panels).
Note that the surrounding normal tissues were negative for
ANXA2? staining, confirming overexpression of ANXA2 in
the tumor cells, especially at the outer edges of the tumors
and metastatic growths.

FIGS. 10A-10E: Expression of Stem Cell Markers in
HCT-116 cells. FIG. 10A: Immunoblots demonstrating
expression of DCAMKI -1, CD44 and LGRS in HCT-116
cells. FIG. 10B: Cells positive for the markers ranged
between 1-3% which is representative of cancer stem cell
populations in a cell line. FIGS. 10C-10E: HCT-116 cells
were FACSsorted for stem cell markers DCAMKL-1 (FIG.
10C), CD44 (FIG. 10D) and LGRS (FIG. 10E).

FIG. 11 depicts the growth of tumorospheres from colon
cancer cell lines. DLD-1, HT-29 and HCT-116 cells were
grown as tumorospheres in low-attachment plates and
imaged with a white light microscopy at 10x magnification.
Cells were treated every 2-3 days with DMEM/F12, con-
taining growth supplements.

FIG. 12 depicts HCT-116 cells enriched for specific stem
cell populations by FACS and grown as tumorospheres.
HCT-116 cells were enriched with either DCAMKIL-1,
CD44 or LGRS by FACS analysis. Cells positive for the

5

10

20

25

30

35

40

45

55

60

65

6

specific markers were then grown as tumorospheres for 10
days in low-attachment plates and imaged with a white light
microscopy at 4x magnification.

FIG. 13 shows the differential localization of cancer stem
cells, positive for DCAMKL-1, CD44 and LGRS, in the
tumorospheres. HCT-116 cells were grown as tumoro-
spheres. On day 10, tumorospheres were fixed with 10%
formalin and store at 4° C. overnight. The following day,
tumorospheres were transferred to an agar solution and
processed for paraffin imbedding and sectioning. Immuno-
fluorescence was performed on sections for the specific
markers DCAMKIL-1, CD44 and LGRS5. DCAMKL-1 and
LGRS stained cells were present in the outer periphery of the
spheres whereas CD44 cells were stained throughout the
sphere. DAPI was used to stain the nucleus of the cells.

FIGS. 14A-14C show cells expressing CS-ANXA2 are
also positive for stem cell markers. HEK-mGAS cells were
FACSorted with AnnexinA2 Antibody. ANXA2+ and
ANXA2-cells were cytospun onto glass slides and stained
by immunofluorescence for AnnexinA2, DCAMKL, CD44
(FIGS. 14A-14B) and LGRS (FIG. 140C).

FIGS. 15A-15C are a diagnostic scheme for isolating
nucleated epithelial cells from the blood. FIG. 15A: Blood
is collected into a lithium heparin tube and centrifuged at
1500 rpm (500 g) for 5 min. the supernatant (containing the
white blood cells) was FACSorted using anti-CD45 anti-
bodies, a marker for white blood cells. FACSorted CD45+
and CD45-cells were then cytospun and stained with anti-
CD45-antibodies to confirm efficacy of the sorting method
for depleting the blood of white blood cells (WBC). The
pelleted cells containing red blood cells and nucleated
epithelial cells were also FACSorted using anti-CD45 anti-
bodies to eliminate any contamination of CD45 (WBC)
positive cells. CD45-population was cytospun onto glass
slides and stained by IF for DCAMKI.-1, CD44 and LGRS.
DAPI was used to stain all nucleated cells which enabled us
to differentiate between red blood cells and epithelial cells.
FIG. 15B: % cells positive for the specific markers were
analyzed in the blood of either normal nude mice (N) (which
were not bearing any tumors), or from mice bearing primary
subdermal xenografts tumors (PT) or mice bearing meta-
static tumors (Met). The total number of circulating tumor
stem cells/ml blood, positive for the 4 indicated markers,
increased progressively from very low levels in mice with
no tumors, to significant levels in mice with only primary
tumors. The numbers of DCAMKIL-1, Lgr5, CS-AnnexinA2
and CD44 positive CTCs were highest in mice bearing
metastatic tumors. Interestingly the increase in CTCs posi-
tive for CS-AnnexinA2 staining was most significant in
mice with metastatic tumors compared to mice with only
primary tumors, suggesting that high numbers of
CS-ANXA2 positive CTCs may be a selective marker for
metastatic disease. The increase in the total numbers of
LGRS positive CTCS was also proportional to the status of
the disease in the mice. C. Importantly, CTCs positive for
CS-AnnexinA2 were also positive for the stem cell markers,
DCAMKIL-1 (FIG. 15C). These data show that CS-An-
nexinA2 expression in CTCs may mark for cells which are
highly metastatic, and thus positive selection of CTCs with
CS-AnnexinA2 along with DCAMKUL-1 or Lgr5, will likely
provide the most accurate information regarding numbers of
Circulating Tumor Stem Cells (CTSCs). Since CTSCs can
seed and grow tumors at distant sites more potently than the
generic CTCs, this assay will be superior to other assays
currently available in the market.

FIG. 16 is a confirmation of depletion of WBC by the
simple method described in FIG. 15A. Blood from patients
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or mice was fractionated as described in FIG. 15A. In the top
panel, the supernatant containing CD45+ population was
cytospun and stained for CD45 by IF to visualize the
presence of white blood cells. In the lower panel, the CD45+
population from the pellet, which should be depleted of
white blood cells, was cytospun and stained for CD45 by IF.
Data reveals relative absence of CD45+ cells in the pellet
confirming that this simple method of fractionation and
FACS sorting effectively depleted the pelleted plasma
sample of WBC.

FIG. 17 shows representative images demonstrating the
presence of circulating tumor stem cells (CTSCs) in the
blood which positively stained for ANXA2 in the CD45-
fraction of the pellet, prepared as described in FIG. 15A.

FIG. 18 shows representative images demonstrating the
presence of circulating tumor stem cells (CTSCs) in the
blood which positively stained for DCAMKL-1 in the
CD45- fraction of the pellet, prepared as described in FIG.
15A.

FIG. 19 shows representative images demonstrating the
presence of circulating tumor stem cells (CTSCs) in the
blood which positively stained for Lgr5 in the CD45-
fraction of the pellet, prepared as described in FIG. 15A.

FIG. 20 shows representative images demonstrating the
presence of circulating tumor stem cells (CTSCs) in the
blood which positively stained for CD44 in the CD45-
fraction of the pellet, prepared as described in FIG. 15A.

FIG. 21 is a schematic representation of steps taken to
isolate Circulating Tumor Stem Cells using antibodies
coupled to magnetic micro-beads. *=Abs coupled to mag-
netic micro-beads from Miltenyi Biotech.

FIGS. 22A-22E show measurements of ANXA2. FIGS.
22A-22: Standard curves (FIGS. 22B, 22D) of hANXA2 by
quantitative immunoblot analysis (FIGS. 22A, 22C) in 2
concentration ranges. FIG. 22E: Relative concentrations of
ANXA? in the conditioned medium (CM) of indicated cell
lines measured by Immunoblot analysis as described in the
text.

FIGS. 23A-23D show measurements of ANXA2 in
humans. FIG. 23A: Relative levels of ANXA?2 in the serum
of either normal (N) patients or patients with benign pre-
cancerous growths (Hyperplastic growths, Hp; Adenoma-
tous growths, Ads) or cancerous growths (Adenocarcino-
mas, AAdCAs) in the colon. FIG. 23B: Scatter plot of ANXA2
concentrations measured in patients with the indicated
growths is presented. FIGS. 23C-23D: Relative levels of
serum ANXA2 in nude mice from two separate sets of
experiments. Nude mice were either sham operated and
served as control normal mice, or the nude mice were
inoculated subdermally with cancer cells to grow primary
xenografts tumors or were inoculated in the spleen to grow
metastatic tumors. Control mice were negative for serum
ANXAZ2. Control mice were negative for serum ANXA2 in
both experiments. Mice with metastatic growths had 2-4
fold higher levels of serum annexinA2/ml blood compared
to mice bearing only primary subdermal xenografts, indi-
cating that presence of very high levels of serum annexinA2
may reflect the presence of advanced metastatic cancers.

FIG. 24 shows the results of an Elisa assay using non-
immune human serum, spiked with increasing concentra-
tions of rhANXAZ2. Polyclonal Ab against ANXA2 was
coated at a dilution of 1:500 at 4° C. overnight. The wells
were then washed off to remove excess ANXA2 and incu-
bated with serum samples spiked with ANXA2 at various
concentrations for 2 h at room temperature. The unbound
ANXA?2 in the serum samples were washed off and the
plates incubated with Mab against ANXA?2 for 1.5 h. Bound
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8
Ab was detected by incubation with Anti-mouse-HRP Ab at
a dilution of 1:1000 for 1 h at RT followed by washing and
color development by TMB reagent. Human serum from
patients was diluted 1:20 before processing as described for
standards.

DETAILED DESCRIPTION OF THE
INVENTION

The practice of the present invention will employ, unless
otherwise indicated, conventional methods of chemistry,
biochemistry, molecular biology, immunology and pharma-
cology, within the skill of the art. Such techniques are
explained fully in the literature. See, e.g., Remington’s
Pharmaceutical Sciences, 18th Edition (Easton, Pa.: Mack
Publishing Company, 1990); Methods In Enzymology (S.
Colowick and N. Kaplan, eds., Academic Press, Inc.); and
Handbook of Experimental Immunology, Vols. I-IV (D. M.
Weir and C. C. Blackwell, eds., 1986, Blackwell Scientific
Publications); Sambrook, et al., Molecular Cloning: A Labo-
ratory Manual (2nd Edition, 1989); Handbook of Surface
and Colloidal Chemistry (Birdi, K. S. ed., CRC Press, 1997);
Short Protocols in Molecular Biology, 4th ed. (Ausubel et al.
eds., 1999, John Wiley & Sons); Molecular Biology Tech-
niques: An Intensive Laboratory Course (Ream et al., eds.,
1998, Academic Press); PCR (Introduction to Biotechniques
Series), 2nd ed. (Newton & Graham eds., 1997, Springer
Verlag); Peters and Dalrymple, Fields Virology, 2nd ed.,
Fields et al. (eds.) (B.N. Raven Press, New York, N.Y.). All
publications, patents and patent applications cited herein,
whether supra or infra, are hereby incorporated by reference
in their entirety.

As used herein the specification, “a” or “an” may mean
one or more. As used herein in the claim(s), when used in
conjunction with the word “comprising”, the words “a” or
“an” may mean one or more than one.

As used herein “another” or “other” may mean at least a
second or more of the same or different claim element or
components thereof. Similarly, the word “or” is intended to
include “and” unless the context clearly indicates otherwise.
“Comprise” means “include.”

As used herein, the term “subject” or individual refers to
any target of the treatment. Preferably, the subject is a
mammal, more preferably, the subject is a human.

It is further to be understood that all base sizes or amino
acid sizes, and all molecular weight or molecular mass
values, given for nucleic acids or polypeptides are approxi-
mate, and are provided for description.

Although methods and materials similar or equivalents to
those described herein can be used in the practice or testing
of the present disclosure, suitable methods and materials are
described below. In case of conflict, the present specifica-
tion, including explanations of terms, will control. In addi-
tion, the materials, methods, and examples are illustrative
only and not intended to be limiting. Furthermore, unless
otherwise required by context, singular terms shall include
pluralities and plural terms shall include the singular.

In one embodiment of the present invention, there is
provided a method of distinguishing an individual who may
be positive for the presence of pre-cancerous, benign tumor-
ous growths (such as colonic polyps), from a subject who is
free of any benign or cancerous tumorous growths, as a
screening procedure, comprising the step of measuring the
amount of AnnexinA2 in the blood or serum of said subject.

In another embodiment of the present invention, there is
provided a method of distinguishing a subject who may be
positive for either early stage (primary) cancerous growths
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or late stage (metastatic) cancer growths, comprising the
step of measuring the amount of AnnexinA2 in the blood or
serum of said subject. AnnexinA2 may be measured by a
technique known to a person having ordinary skill in this art,
such as for example but not limited to, an anti-ANXA2
antibody. Preferably, the anti-ANXA2 antibody is anti-
ANXA2 antibody IgG.

In another embodiment of the present invention, there is
provided a method of identifying whether a subject is
positive for metastatic cancerous growths or relapse of the
cancer disease, post-treatment, comprising the step of mea-
suring circulating metastatic tumor stem cells in blood or
plasma of said subject. Generally, invasive/metastatic circu-
lating tumor cells are positive for membrane-associated
ANXA2 (CS-ANXA2).

It is contemplated that the sensitivity or accuracy of the
CTC assay is enhanced by combining negative selection
with positive selection using antibodies against newly iden-
tified proteins, as described below. It is envisioned that this
method could be useful in diagnosing the presence of any
epithelial cancer at different stages of the disease, and will
be specially applicable to identifying the presence of col-
orectal cancers at different stages of the disease, as well as
pancreatic, ovarian, renal and epithelial cancers. The pres-
ence of circulating metastatic tumor stem cells in the blood
or plasma of the subject is identified by measuring the
presence of CS-ANXA2 and DCAMIL.-1 or Lgr5 positive
circulating tumor stem cells, which is diagnostic/prognostic
for the presence of metastatic cancerous tumors.

In one aspect, the cancer is a recurrence of cancer,
post-treatment. CS-ANXA2+DCAMKI -1 or Lgr5 may be
measured with any technique known in the art although
measurement with an antibody is preferred. Representative
antibodies include but are not limited to anti-ANXA2 IgG
antibody, anti-DCAMKL IgG antibody or an anti-Lgr5 IgG
antibody. In a most preferred aspect of this method, the
cancer is colorectal but the method may also be applied to
colorectal, pancreatic, ovarian, renal and epithelial cancers.

The following examples are given for the purpose of
illustrating various embodiments of the invention and are
not meant to limit the present invention in any fashion.

Example 1

Autocrine and Endocrine Growth Factors Mediate Tumori-
genic Effects on Epithelial Cells by Binding Cell-Surface
Associated AnnexinA2 (CS-ANXA2)

Non-amidated precursor forms of gastrins, called progas-
trin peptides (PG), are potent mitogens, and exert prolifera-
tive/anti-apoptotic/co-carcinogenic and tumorigenic effects
on normal and cancerous intestinal, pancreatic and lung
epithelial cells (22-29). Cell surface associated ANXA2
(CS-ANXA?2) functions as a high affinity, non-conventional
receptor protein for PG peptides (30), and is required for
mediating the growth promoting effects of PG on epithelial
cells from the intestine, embryonic kidney and pancreatic
cancers, in vitro (27,30) and in vivo (31). Data demonstrat-
ing the presence of CS-ANXA2 on intestinal epithelial cells
is presented in FIGS. 1A-1B. The fluorescence intensity of
cells labeled with anti-ANXAZ2-antibodies (Abs) was
increased >10-fold compared to cells labeled with control
IgG (FIG. 1A), confirming the presence of CS-ANXA2 on
intestinal epithelial cells (IEC-18) (32). CS-ANXA2 was
reported on embryonic kidney epithelial cells (31) which
respond to growth promoting and tumorigenic effects of PG
peptides (33). When target cells such as intestinal epithelial
cells are stimulated with PG, at initial time points of 0 min,
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the PG peptide is tightly associated with CS-ANXA2 (FIG.
1B, upper panel), followed by rapid internalization of
PG/ANXA2 complexes via the endocytotic pathway into
early endosomes (FIG. 1B, middle panel) (34). However, by
30 min the internalized progastrin peptide is completely
degraded (FIG. 1B, lower panel). Endocytotic internaliza-
tion of PG/ANXA2 complexes is required for mediating
signaling and growth effects of PG (34). Similarly, internal-
ization of PG/ANXA2 complexes was also measured in
transformed epithelial cells (31). In order to examine a
physiological and pathological relevance of these findings,
additional studies were conducted with tissue samples from
patients positive for colonic adenomas and colonic adeno-
carcinomas. Paraffin-embedded sections from representative
patient samples of normal colons, benign colonic adenomas
(Ad) and cancerous colonic adenocarcinomas (AdCA) were
processed for immunoflouroscense (IF) staining with anti-
ANXA2-1gG and DAP1 (for nuclear staining), as shown in
FIG. 2A. Normal colonic samples were poorly stained for
ANXA2, while adenomas and adenocarcinomas are increas-
ingly stained with ANXAZ2, confirming that ANXA2 expres-
sion is significantly increased during colon carcinogenesis.
Gastrin gene and progastrin expression has also been simi-
larly demonstrated to be significantly increased during colon
carcinogenesis (26), and PG peptide strongly co-localized
with ANXA?2 in the colonic adenoma and adenocarcinoma
samples from patients (FIG. 2B). These studies thus confirm
the presence of cell surface associated ANXA2 (CS-
ANXAZ2) on colonic tumor cells, which appear to correlate
with the stage of the disease.

Example 2

AnnexinA2 Expression is Required for Measuring an
Increase in Stem Cell Populations

The proliferative and tumorigenic effects of PG peptides
are associated with the significant increase in the stem cell
populations within colonic crypts of mice (31). A significant
increase in the length of the colonic crypts in response to
1-10 nM PG was confirmed in C57Bl/J6 mice (FIGS.
3A-3B), as reported with transgenic FVB/N mice (25). The
concentrations of stem cell markers, CD44 and DCAMKI-1
were significantly increased in colonic crypts of mice treated
with 10 nM PG (FIG. 3C), and the total number of cells
positive for CD44 and DCAMKIL+1 markers were also
significantly increased in the colonic crypts of PG-treated
mice (FIG. 3D). ANXA2 knockout (ANXA2~") mice were
used to examine if ANXA2 expression was required for
mediating the proliferative effects of PG on the colonic
crypts of mice. The ANXA2™~ mice were confirmed by
Western Blot analysis (FIG. 4A). Unlike the wild type
ANXA2** mice, the ANXA2™~ mice were non-responsive
to the growth promoting effects of PG (FIGS. 4B-4C).

Two strong transcriptional factors, NFkB and f-catenin
are significantly up-regulated in response to PG stimulation
in vitro and in vivo (23,27,36), and using the ANXA2™"~
mice in the absence of ANXA?2 expression, NFkB (p65°°27%)
and P-catenin (B-cat) were not up-regulated in response to
PG (FIGS. 4D-4E) (31). Similarly ANXA2 expression was
required for mediating the effects of PG peptides on stem
cell populations (31). Both the concentration (FIGS. 5A-5B)
and total number of cells (FIGS. 5C-5D) positive for the
stem cell markers DCAMKL+1 and CD44 failed to be
up-regulated in response to PG in mice knocked down for
the expression of ANXA2, while the wild type ANXA2
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expressing mice (ANXA2**) were strongly up-regulated for
stem cell populations in response to PG stimulation (31).

Example 3

Tumorigenic Transformation of Kidney Epithelial Cells by
Over-Expression of PG, is Associated with Significant Up-
Regulation of ANXA2 and Stem Cell Marker Proteins

In order to further examine the tumorigenic and co-
carcinogenic effects of PG/ANXA2, non-transformed
embryonic kidney epithelial cells (HEK-293) were used
since these cells are very easy to clone and are responsive to
growth effects of PG peptides. Clones of HEK-293 cells
were generated which either expressed the control vector
(HEK—C) or the human gastrin gene vector (HEK-mGAS).
The clones over-expressing gastrin gene were confirmed to
be over-expressing the PG peptide (9Kd) (FIG. 6A). Over-
expression of PG in HEK-293 cells induced activation of
NFkB and B-catenin pathways (including p65727%, COX-
11, B-catenin, c-Myec, cyclin D1) (FIGS. 6B-6E) (31). Over-
expression of PG in HEK-293 cells also up-regulated the
expression of stem cell markers DCAMKL-1, CD44 and
Lgr5 in the HEK-mGAS vs the HEK—C cells as shown in
FIGS. 6F-6K (31). ANXA2 expression levels were also
significantly increased in HEK-mGAS vs HEK—C cells
(FIG. 7A).

In the next set of studies, HEK—C and HEK-mGAS cells
were FACSorted for enriching cell populations expressing
either cell surface associated ANXA2 (FIGS. 7B-7C) or cell
populations enriched in the expression of the extracellular
domain of stem cell markers DCAMKI -1 and Lgr5 (FIGS.
7D-7E). Several colon cancer cell lines were similarly
FACSorted and the % cells positive for ANXA2, DCAMKL
and Lgr5 in the different cell lines is presented in FIG. 7F.
As can be seen from the data presented in FIGS. 7A-7F,
over-expression of autocrine growth factors in HEK-mGAS
cells resulted in a significant up-regulation in the cell
populations positive for not only ANXAZ2 but also stem cell
markers DCAMKIL and Lgr5. Surprisingly the colon cancer
cell line HCT-116 which is known to express autocrine PG,
albeit at much lower levels than the HEK-mGAS cells, had
significantly lower % of cells that were positive for the
indicated stem cell markers. KM 1214 cells are highly meta-
static while KM12C colon cancer cells are not as metastatic,
and once again there were some differences in the % cells
that were positive for ANXA2, suggesting that cell surface
expression of ANXA?2 and other stem cell markers may be
required for imparting a metastatic potential to these cells. In
order to confirm this possibility, an athymic nude mice
xenograft assay, as published (37,38), was used for exam-
ining the tumorigenic and metastatic potential of HEK-
mGAS cells which were not only over-expressing progastrin
peptides but also over-expressing ANXA2 and other stem
cell markers (FIGS. 6 A-6K and 7A-7F). Athymic nude mice
were inoculated subdermally, on either side of the flank, with
equal number of HEK—C, HEK-mGAS and HCT-116 (co-
lon cancer cell line).

Representative tumor growths from mice inoculated with
HEK—C and HEK-mGAS cells are shown in FIG. 8A.
Majority of the mice inoculated with HEK—C cells did not
grow tumors, and only 1 out of 6 tumors developed in these
mice (FIG. 8B). On the other hand, all the mice inoculated
with either HEK-mGAS or HCT-116 cells developed tumors
of almost equivalent size (FIG. 8B). These data confirmed
that over-expression of PG/ANXA?2 and stem cell markers
in HEK-mGAS cells may have imparted a tumorigenic
potential to these cells (33). Two other models were used to

10

15

20

25

30

35

40

45

50

55

60

65

12

confirm these findings wherein cells were inoculated either
in the spleen (FIG. 8C) to develop metastatic tumors or were
inoculated orthotopically in the cecum, which can also result
in metastasis to the liver (FIG. 8D). HEK-mGAS cells
over-expressing PG and ANXA?2 formed distinct metastatic
tumors in the liver and the lung (FIGS. 8C-8D, FIGS.
9A-9B). The metastatic growths in the liver were further
confirmed by using GFP-labeled PG, which specifically
binds cell surface associated ANXA2 present in the liver
mets (right hand panel in FIG. 8C) (33). Thus, the outer
edges of the metastatic tumors express elevated levels of
CS-ANXA2 and potentially represent the highly metastatic
component of the cancer cell populations. The latter possi-
bility was further confirmed by staining paraffin-embedded
sections of lung and liver tissues from the mice that had been
inoculated with intrasplenic HEK-mGAS cells, which visu-
ally contained the metastatic masses (FIGS. 9A-9B). Both
the lung and the liver metastatic tumor masses were once
again positive for ANXA2 in circular pockets suggesting
that the highly metastatic population may be growing out-
wards towards the edges of these tumors. Thus, the presence
of CS-ANXA?2 on cancer cells likely marks a highly meta-
static population of cells and is a useful marker for detecting
circulating cancer cells which are in the process of invading
and migrating to distant sites for seeding metastatic tumors.
Mice were also inoculated with HEK-mGAS cells which
were engineered to over-express the luciferase vector down-
stream of a lentiviral vector, so that the growth of these
tumors could be monitored in vivo using a bioluminescence
machine, as shown in FIG. 8D. Within one month of
inoculating the cecum of the mice one could observe the
presence of metastatic growths along with the primary
growths in the cecum of these mice (FIG. 8D). Thus the
importance of CS-ANXA2 and stem cell marker proteins
(DCAMKIL/Lgr5) in the tumorigenic and metastatic poten-
tial of transformed and cancer cells is demonstrated.

Example 4

Stem Cell Populations in Colon Cancer Cells

A hallmark of cancer stem cells is the ability to give rise
to rapidly proliferating progenitor cells which can either
differentiate or continue to proliferate. The cancer stem cells
are believed to divide asymmetrically and give rise to a
daughter progenitor cell and a quiescent cancer stem cell in
order to continue to provide the seed for the growth of
tumors. The cancer stem cell population may thus either
continue to divide asymmetrically or become quiescent like
a dormant seed which can be revived to form tumors. Thus
the presence of cancer stem cell populations can represent a
major challenge for treatment purposes.

Several stem cell markers have been described (39-50),
which likely mark both the quiescent and actively prolifer-
ating cancer stem cell populations. The markers DCAMKI.-
1, CD44 and Lgr5 were used for examining the stem cell
populations in colon cancer cells (51).

A very small % of cells (~1-3%) are positive for
DCAMKI.-1, CD44 and Lgr5 as shown in FIGS. 10A-10E.
Stem cells have the unique feature and ability to grow as
tumorospheres in non-adherent cell culture conditions in the
presence of specific growth factors (46). The tumorosphere
bioassay method was used for enriching stem cell popula-
tions from several colon cancer cell lines and representative
data are presented in FIG. 11. As can be seen, spheres of
many different sizes can grow with a distinct perimeter
around them using the tumorosphere method. Depending on
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the population of cancer stem cells, different cell lines can
form these spheres at different rates as shown in FIG. 11.

In order to confirm that the stem cell markers chosen can
select for stem cell populations that can grow as tumoro-
spheres in non-adherent cultures, populations of stem cells
from HCT-116 cells were enriched using FACSorting for
DCAMKIL1, CD44 and LgrS5, and these cells were grown as
tumorospheres. Cells enriched for the specific populations
were able to give rise to tumorospheres in vitro (FIG. 12),
suggesting that all three cell populations may represent the
stem/progenitor cell populations. The tumorospheres from
non-sorted colon cancer cells were processed for staining for
the stem cell markers, and it was found that while
DCAMKI.1 and Lgr5 are primarily located at the outer
edges of the tumorospheres, CD44 marked almost all the
cells in this sphere, suggesting that the DCAMKI.1 and Lgr5
may mark for the pluripotent cancer stem cell populations
(quiescent or dividing) while CD44 may mark for the
rapidly proliferating stem/progenitor cell populations (FIG.
13).

Example 5

Transformed/Cancer Cells Expressing CS-ANXA2 are Also
Positive for Stem Cell Markers DCAMKL1, LgrS and CD44

As described above, cancer cell populations enriched in
the expression of extracellular domains for DCAMKI 1,
Lgr5S and CD44 represent cancer stem cell populations
which can either actively divide and proliferate or perhaps
remain more quiescent (FIGS. 10A-10E, 11-13). At the same
time it was demonstrated that tumorigenic/metastatic cells
over-expressing CS-ANXA?2 may mark for cancer stem cells
with a high metastatic potential (FIGS. 8A-8D, 9A-9B).
Whether cells enriched for ANXA2 are also positive for the
stem cell markers was examined. Cancer cells were FAC-
Sorted with anti-ANXA2-IgG for enriching cell populations
positive or negative for CS-ANXAZ2. Cells negative or
positive for CS-ANXA?2 were cytospun on slides and further
stained for the stem cell markers, as shown in FIGS. 14A, B.
Cells positive for CS-ANXA2 were also positive for either
the extracellular domain of DCAMKL1 (FIGS. 14A-14B) or
extracellular domain of the variant forms of CD44 (FIG.
14A-14B) or extracellular domain of Lgr5 (FIG. 14C). On
the other hand cells that were negative for the expression of
CS-ANXA2 expressed very low levels of DCAMKIL1 and
CD44 (FIGS. 14A-14B) and Lgr5 (FIG. 14C). Data from
several cells analyzed as described for FIGS. 14A-14C are
presented in a tabulated form in Table 1. The % cells positive
for DCAML-1, CD44 and LGRS in ANXA2+ and ANXA2-
cells, FACSorted from a representative colon cancer cell line
are presented in a tabulated form.

TABLE 1

Cells expressing CS-ANXA?2 are also positive for stem cell markers
Cancer Cells Sorted with Anti-ANXA2 Antibodies
5 Sorted Cells Stained for Stem Cell Markers

ANXA2(+) Cells ANXA2(+) Cells

CD44 40.6 =4 1532
DCAMKL1 5318 2033
LGRS 388 £6 18.7 =

Thus the results presented herein provide proof of prin-
ciple data that strongly supports the notion that cancer stem
cell populations positive for ANXA2/LgrS/DCAMKIL-1
represent the seed cells which can invade and migrate
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through the lymphatic and blood vasculature for initiating
metastatic growths in the body.

Example 6

Circulating Tumor Cells as a Diagnostic Marker for the
Presence of Metastatic Cancer Disease

Measuring circulating tumor cells (CTCs) in the blood of
patients is a relatively new concept for diagnosing cancer
(52-55). Presence of CTCs likely predicts metastasis, and
can be useful for monitoring recurrence (relapse) of the
disease, post-treatment (56-60). CTCs are detected by using
many different methods, including immunocytochemistry
(IHC) for epithelial markers such as cytokeratine-19
(CK19), and RT-PCR analysis for cancer-cell specific tran-
scripts (61,62). Efficiency of such tests are poor, because of
the rare presence of cancer cells within a very large number
of blood cells (1-1000 CTCs in 10° blood cells/ml blood).
Negative selection by excluding blood cells has been used to
enumerate CTCs (63). Positive selection of CTCs using
antibodies (Abs) against epithelial cell surface proteins such
as cell adhesion protein EpCAM is currently being used
(64). CTCs, positive for EpCAM, are captured using micro-
fluoridic CTC-Chip devices (64) and immunomagnetic
bead-based methods (18,57). Isolated CTCs are confirmed
by CK19 staining or Her2 amplification (53,65). Negative
staining for CD45 (a Leukocyte marker) is also used (52). It
is postulated that invasive cancer cells, going through epi-
thelial mesenchymal transition (EMT), lose expression of
cell surface EpCAM (66). Thus invasive CTCs, with the
highest metastatic potential, may be under-evaluated using
anti-EpCAM Abs (52,66,67). Besides, efficacy of different
EpCAM-Abs for capturing CTCs differs significantly (68).
In order to improve accuracy and sensitivity of CTC assays,
expression of cancer cell specific antigens such as PSA (for
prostate cancers) (57) or Her2-neu (for breast cancers) (65)
are used to analyze captured CTCs. A non-specific adhesion
assay (58) and a combination of E-selectin+EpCAM were
also developed (69). As described above, the present inven-
tion shows that the sensitivity/accuracy of the CTC assay
can be significantly enhanced by combining negative selec-
tion with positive selection using antibodies against newly
identified stem cell markers associated with either quiescent
or proliferating cancer stem cell populations as further
described below.

As described above, surface associated ANXA2 is
increasingly expressed by many solid tumors, including
colorectal (CRCs) and pancreatic cancers. ANXA2 lacks
transmembrane domains and is tethered to the cell surface
by binding to a 26KDa transmembrane protein (11, 31). The
present invention shows that membrane-associated ANXA2
is increasingly expressed on transformed (tumorigenic)
HEK-mGAS cells vs non-transformed (HEK—C) epithelial
cells (FIGS. 7A-7F). CRC cells were isolated with anti-
ANXA2-1gG using FACSorting (FIGS. 7A-7F). Surface-
associated ANXA?2 levels are significantly increased in
colorectal Ads and AdCAs vs corresponding normal colonic
mucosa (FIGS. 2A-2B). Therefore, invasive/metastatic
CTCs are positive for membrane-associated ANXA2 (CS-
ANXA2), and that positive selection with anti-ANXA2-Abs
rather than anti-EpCAM-Abs significantly increases sensi-
tivity of the CTC assay.

The present invention shows that the presence of Circu-
lating Tumor Stem Cells (CTSCs) can be expected to be
diagnostic for recurrent/metastatic disease. Several cancer
stem cell markers currently used include CD44/CD133
proteins (48,70-72). However, CD44 and/or CD133 nega-
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tive cancer cells also give rise to tumorospheres/tumors in
vitro and in vivo (73,74), suggesting that these markers may
not represent cancer stem cells. CD133 expression is inde-
pendent of malignant phenotype (75), and a poor marker for
survival (76). However, CD133 is a better marker than
VEGF and EGFR for predicting metastatic disease (77).
More recently, Lgr5S and DCAMKIL+1 were discovered as
colonic crypt stem cell markers (39-43), and likely play an
important role in tumorigenesis, as well (31,43-45). Both
Lgr5 and DCAMKL+1 have intra-cellular, transmembrane
and extracellular domains. The present invention demon-
strates successful isolation of stem/progenitor cells, positive
for DCAMKL+1 and Lgr5 by FACSorting (FIGS. 7A-7F,
10A-10E) from human colon cancer and HEK-mGAS cell
lines. Spheroidal growths, known to be selective for the
growth of stem cells (tumorospheres), were examined with
either non-sorted (FIGS. 11,13) or DCAMKI/Lgr5/CD44
sorted (FIG. 12) human colon cancer (HCT-116) cell line.
DCAMKIL.-specific-siRNA disintegrated the tumorospheres
(49), suggesting a functional role of DCAMKLI in main-
taining tumorigenic potential of colon cancer cells.
DCAMKIL1 and LgrS5 positive cells were present only on the
periphery, while CD44 cells were dispersed throughout the
tumorospheres (FIG. 13) suggesting that DCAMKI./Lgr5
may represent true stem cells.

Example 7

Circulating Tumor Cells (CTCs) Positive for ANXAZ2,
DCAMKIL+1, Lgr5 and CD44 are Present in the Blood of
Mice Bearing Metastatic Growths

The present invention teaches that invasive/metastatic
CTCs are positive for membrane associated ANXA2 (CS-
ANXA2) and newly identified specific stem cell markers
(DCAMKL+1, Lgr5) and the progenitor cancer stem cell
marker CD44. Blood was obtained from 3 different groups
of' mice. Mice in group 1 were sham operated and inoculated
with only heat inactivated tumor cells and thus did not grow
as tumors. Mice in group 2 were inoculated with 5x10°
colon cancer cells on either side of the flank subdermally.
Mice in group 3 were inoculated with an equal number of
cancer cells in the spleen. Mice in group 3 were inoculated
in the spleen and subjected to splenectomy 24 h after
inoculation to avoid metastasis into the peritoneum and
massive tumorous growths within the spleen itself. In model
3, post-intrasplenic inoculation, it is known that metastatic
cancer cells rapidly migrate to the liver and lungs of the mice
as shown in FIGS. 8C, 8D and 9A-9B. Mice were eutha-
nized 2 weeks after the inoculation and blood collected from
the 3 groups of mice (n=5/group). Blood thus collected was
processed as diagrammatically presented in FIGS. 15A-15C.
Briefly, ~1 ml blood collected in lithium heparin tube from
2 mice each was centrifuged at ~500 g (1500 rpm) for 5 min
at 4° C. and the cells in the supernatant (primarily containing
lymphocytes or white blood cells) and cells in the pellet
(primarily containing non-nucleated red blood cells and
nucleated epithelial cells) were subjected to FACSorting
with anti-CD45 antibody, which is known to selectively sort
for lymphocytes. The supernatant containing the buffy frac-
tion was >98.9% positive for CD45+ cells, as confirmed by
immunofluorescence (IF) staining with CD45 antibody, and
only 1.1% of the cells in the supernatant were negative for
CDA45 staining (FIGS. 15A-15B, 16). On the other hand,
cells within the pellet were largely negative for CD45
staining (>99%) and only 0.3% of these cells were still
positive for the presence of lymphocytes (FIGS. 15A-15B,
16). The successful separation of white blood cells from the
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epithelial cells using the simple centrifugation and FAC-
Sorting method, which is relatively cheap and easy to
perform, is presented more clearly in FIG. 16. This method,
while not 100% accurate, is suitable for screening purposes
in large populations especially in underdeveloped countries.
The pelleted cells that were FACSorted to be negative for
CD45 staining were then cytospun on glass slides and
immunostained for ANXA2, DCAMKL-1, CD44 and Lgr5
as diagrammatically presented in FIG. 15A. The total num-
ber of cells that were positive for the four metastatic/stem
cell markers in ~1 ml blood from the 3 groups of mice,
labeled N (group 1, normal control mice), PT (group 2,
positive for primary tumors growing as sub dermal xeno-
grafts), and MT (group 3, positive for metastatic tumors
growing in liver or lungs), are presented in FIG. 15B.

Representative staining for ANXA2 (FIG. 17),
DCAMKIL-1 (FIG. 18), Lgr5 (FIG. 19) and CD44 (FIG. 20)
are shown for the CD45 negative fraction in the pellets; cells
were co-stained with DAP1. As can be seen from data
presented in FIGS. 17-20, only the nucleated epithelial cells
in this fraction were positive for the indicated stem cell
markers (DCAMKI/Lgr5/CD44) and metastatic markers
(ANXA2), confirming the accuracy of this method. None of
the non-nucleated cells (RBC) were positive for any of these
markers. Even though, the pelleted fraction was predomi-
nantly (>99%) composed of RBC, one could easily identify
the presence of nucleated circulating cancerous epithelial
cells which were positive for ANXA2, DCAMKL, CD44
and LgrS. Importantly, CS-ANXA2 positive circulating
tumor cells were also positive for DCAMKL (FIG. 15C).

Based on data presented in FIG. 15B, even the normal
blood samples were positive for a minute fraction of cells
that were increasingly positive for Lgr5 (0.2x107%), ANXA2
(0.4x107°), and CD44 (0.6x107%), but importantly none
were positive for DCAMKIL-1. These results suggest that the
method used for fractionation, as shown in FIG. 15A, was
not 100% effective in removing all the CD45+ cells, as
confirmed by staining of the cells in this fraction with
anti-CD45-antibody in the pelleted fraction of the blood
plasma (FIG. 16). It is known that some lymphocytes also
express CD44 and ANXA?2 on their cell membranes, which
may account for the presence of a minute fraction of CD44
and ANXA? positive cells in the pellets of blood plasma,
perhaps representing a slight contamination with sticky
lymphocytes. It is possible that some lymphocytes may also
be expressing LgrS (perhaps in the hematopoietic stem cell
populations), which may account for the very few Lgr5
positive cells in the plasma pellets. But importantly no cells
in the plasma pellets from normal blood were positive for
DCAMKL-1.

Thus identification of DCAMKL+1 stained cells in the
pelleted fraction of plasma will likely represent true cancer
stem cell epithelial populations in the blood. Mice in the
second group (PT), positive for subdermally located primary
xenografts tumors, were increasingly positive for the indi-
cated markers in the order of DCAMKI<Lgr5<
ANXA2<CD44, providing further evidence that staining
with the stem cell marker DCAMKL may be a more robust
identification marker for circulating cancer stem cells, fol-
lowed by Lgr5 and ANXA2. CD44 appeared to be the least
robust marker based on these results, especially for purposes
of differentiating between the absence of tumors vs presence
of primary/metastatic growths. Importantly, the numbers of
DCAMKL+1, Lgr5, CS-ANXA2 and CD44 positive CTCs
were highest in mice bearing metastatic tumors (FIG. 15B).
Interestingly, the increase in CTCs positive for CS-ANXA2
staining was most significant in mice with metastatic tumors
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compared to mice with only primary tumors, suggesting that
high numbers of CS-ANXA2 positive CTCs may be a
selective marker for metastatic disease. The increase in the
total number of Lgr5 positive CTCs was also proportionate
to the status of the disease in the mice. Importantly, CTCs
positive for CS-ANXA2 were also positive for stem cell
markers, DCAMKL-1 (FIG. 15C). Thus the data presented
in FIGS. 15B-15C, demonstrate that CS-ANXA?2 expression
in CTCs may mark for cells which are highly metastatic, and
thus positive selection of CTCs with CS-ANXA2 along with
DCAMKI.-1 or Lgr5, will likely provide the most accurate
information regarding the numbers of circulating tumor stem
cells (CTSCs). Since CTSCs can seed and grow tumors at
distant sites more potently than the generic CTCs, this assay
is superior to other assays. Based on the results presented in
FIGS. 15A-15C, 16-20, the presence of nucleated epithelial
cells in the pelleted fraction of the plasma samples obtained
from a patient (depleted for lymphocytes with anti-CD45
antibodies) can be best assessed by staining with antibodies
against ANXA2+DCAMKI -1 (and/or Lgr5).

The simple method of analysis presented above for detect-
ing circulating tumor stem cells as a simple laboratory-based
non-invasive diagnostic assay for the presence of primary vs
metastatic cancerous disease can be further improved by
using magnetic micro beads which are coated with specific
antibodies against either RBC or white blood cells (CD45)
or the stem cell/metastatic markers as diagrammatically
presented in the scheme in FIG. 21. The methods presented
in FIG. 21 are simpler but require expensive day-to-day
tools such as the magnetic micro beads coupled to various
antibodies. Many of these beads are available from com-
mercial sources for depleting the blood samples of RBC and
white blood cells. Beads coupled to ANXA2 and stem cell
marker antibodies are not commercially available but can be
easily generated using the specific antibodies available from
many sources including our laboratory. It is expected that
this method will work just as well or perhaps better than the
simplistic method described in FIG. 15A. Results presented
in FIGS. 14A-14C, 15A-15C and 16-21 provide strong
evidence that the progression of the cancer disease to an
advanced stage of cancer due to metastasis and/or recurrence
of cancer, post-treatment (relapse), will be reflected by a
significant increase in the population of invasive (ANXA2
positive)/circulating cancer stem cells (DCAMKIL/Lgr5
positive).

To further validate the use of the markers, blood samples
from patients free of any tumorous growths and patients who
are positive for benign colonic adenomatous tumors and
cancers (adenocarcinomas) were also analyzed. In all cases,
patients positive for adenocarcinomas have significantly
higher populations of CTCs positive for ANXA2 and stem
cell markers DCAMKI.-1/Lgr5, compared to that in the
blood of healthy patients and patients with only benign
adenomatous growths. Blood spiked with NIH3T3 fibroblast
cells was used as negative controls.

Thus the presence of DCAMKIL-1/Lgr5/ANXA2 positive
circulating tumor cells is diagnostic/prognostic for the pres-
ence of primary vs metastatic cancer disease and predicts
relapse of the disease in patients who had surgical removal
or treatment for the cancer previously.

Example 8

Diagnosis of Benign Pre-Cancerous Disease by Measuring
AnnexinA?2 in the Serum or Plasma

While the detection of circulating cancer stem cells, as
described above, will be diagnostic/prognostic for the pres-
ence of primary vs metastatic cancer disease, it may not be
as robust for detecting the presence of benign tumors (at a
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pre-cancerous stage), such as adenomatous polyps growing
in the colon of the patients. The escape of a cancer stem cell
or a rapidly dividing tumor cell going through epithelial
mesenchymal transition is less likely from a pre-cancerous
lesion such as a colonic adenomatous tumor, since the
basement membrane in such tumors is still intact. However,
the pre-cancerous benign tumorous growths are well vascu-
larized with blood vessels, and tumor-specific antigens can
be secreted into the blood supply, albeit at low concentra-
tions. In recent years it has been discovered that significant
levels of ANXA2 are present in the serum of patients with
breast (2,3), hepatacellular (78) and lung (79) cancers.
However, it is not known if individuals positive for benign,
pre-cancerous tumorous growths (such as adenomas in the
colons, also called colonic polyps, or in situ pancreatic
lesions, or benign pre-cancerous growths in the kidneys,
lungs and ovaries) are positive for detectable levels of
ANXA?2 in the blood or serum of the individual. For the first
time, the presence of significant levels of ANXA2 in the
blood and serum of patients who were positive for pre-
cancerous benign tumors in their colons is shown.

Example 9

Cancer Cells/Tumors are the Source of Circulating ANXA2
The present invention shows that cancer cells/tumors are
the source of circulating ANXA2 in the blood/serum of
individuals. To examine this, conditioned medium (CM)
from either colorectal cancer (CRC) or transformed (tum-
origenic) epithelial cells (HEK-mGAS) were analyzed. In
studies significant concentrations of ANXA2 were measured
in conditioned medium (CM) of colorectal cancer and
transformed HEK-mGAS cells; non-tumorigenic epithelial
cells (HEK—C) were negative (FIG. 22E). Similarly,
ANXA2 was measured in secretions of metaplastic bron-
chial epithelial cells, as an early marker of tumorigenesis
(80). Serum was also obtained from patients diagnosed with
either hyperplastic (Hp) growths, adenomas (Ads) (pre-
cancerous benign tumorous growths) or adenocarcinomas
(AdCAs) in the colons. Serum from the latter patients was
positive for progressively increasing levels of serum
ANXA2 (FIGS. 23A-23B). Similarly, athymic nude mice
bearing primary vs metastatic cancers were increasingly
positive for serum ANXA2 (FIGS. 23C-23D), while non-
tumor bearing mice were negative. The data presented in
FIGS. 22A-22E and 23A-23D were either derived by West-
ern Blot analysis or Elisa method of analysis. FIGS. 22A-
22D demonstrate standard curves using the Western Blot
method while FIG. 24 demonstrates a standard curve using
an Elisa assay. To obtain clean-cut results the serum samples
were subjected to processing with molecular cutoff mem-
branes using 50Kda and 5Kda membranes to enrich for
36Kda ANXA2 molecule and desalt the samples. The
samples were also analyzed using MRM or SRM methods
for measuring the tryptic fragments of ANXA2, known to be
present in the serum of pateints (based on data presented in
Peptide Atlas). However the SRM and MRM methods were
much less sensitive and required very high concentrations of
ANXA? in the blood before they could be detected.

Example 10

Diagnosis of Benign Vs Primary Vs Metastic Cancerous
Growths, Using Combinatorial Approaches of Analyzing
Circulating Cancer Stem Cells and Serum AnnexinA2

The present invention discloses that one may predict the
presence of benign (pre-cancerous) growths in a patient by
analyzing the levels of serum annexinA2, while predicting
the presence of primary vs metastatic cancer disease may be
better achieved by analyzing the presence of circulating
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cancer stem cells using the robust marker, DCAMKIL-1,
along with annexinA2 which appears to mark for invasive
cells; Lgr5 can be used as an additional confirmatory marker.
Thus combining the use of all these tests provides a robust
assay for separating normal patients (free of benign precan-
cerous growths such as colonic polyps) from patients who
may have only the benign disease and patients who may
have either primary stage of cancer from a patient who may
have a more advanced (metastatic) stage of cancer. At the
present time there are no blood based assays which can
separate the patients with the various stages of the disease as
described above, especially for colo-rectal cancers.

Example 11

Summary

The present invention describes the development of a
relatively simple, blood-based, non-invasive method for
diagnosing the presence of primary vs metastatic cancers
using the presence of circulating tumor stem cells positive
for ANXA2/DCAMKIL/Lgr5. It is becoming increasingly
evident that tumor cells express elevated levels of membrane
associated proteins such as Her-2/neu proteins which pro-
vide valuable targets for diagnostic/prognostic/treatment
purposes in breast cancer. Accumulating evidence suggests
that surface associated ANXA2 may serve a similar role for
colorectal, pancreatic and lung cancers. An emerging con-
cept is that some of these membrane-associated proteins
may also be released into the circulation, providing a non-
invasive diagnostic tool for cancers as described for ANXA2
in the present patent application. Measuring the number of
circulating tumor cells (CTCs) is another emerging diag-
nostic tool. Based on the recent identification of tumor
surface associated ANXA2 and specific stem cell markers
which are elevated in colorectal cancers, one can improve
the sensitivity and specificity of a Circulating Tumor Cell
(CTC) assay by isolating CTCs from plasma samples with
antibodies directed against the newly identified stem cell
markers and surface associated ANXAZ2. This strategy rep-
resents an innovative use of recently identified proteins,
which will significantly enhance the ability to predict recur-
rence of metastatic disease, post-treatment.

The present invention thus has many innovative features,
which will allow significant improvement in non-invasive
methods for diagnosing the presence of primary and meta-
static growths from many different cancers including col-
orectal cancers and pancreatic cancers. Based on these
results, CTCs will be positive for extracellular membrane-
associated ANXA2 (CS-ANXA2), and that positive selec-
tion with anti-ANXA2-Abs will significantly increase the
sensitivity of the assays for measuring CTCs in cancer
patients. Since recurrence of cancer, post-treatment is likely
due to reactivation of dormant/quiescent cancer stem cells,
presence of invasive/circulating tumor stem cells (CTSCs),
positive for stem cell markers DCAMKL-1/Lgr5 and CS-
ANXA2 will be diagnostic/prognostic for re-emergence of
the metastatic disease. Currently tumor specific antigens,
such as PSA and CEA are used to monitor response of
patients to systemic treatments. These methods however are
not fool-proof and can provide erroneous data. Analysis of
CTCs using the methods described herein can significantly
augment the validity of the above assays.

Results obtained from pre-clinical mouse models and
patient samples provides strong evidence that negative
selection using methods to remove white blood cells and
RBCs and positive selection with specific antibodies against
ANXA2 and/or specific stem cell markers (DCAMKIL.-1/
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Lgr5) will significantly increase the specificity and robust-

ness of an assay for diagnosing and predicting the presence

of primary vs metastatic disease and/or relapse. At the

present time there are no serum-based diagnostic tests

available to predict the presence of benign tumorous

growths such as colorectal adenomatous polyps, and the

patients have to be subjected to a relatively expensive

colonoscopy procedure which requires specific skills and a

well-equipped clinic. In the current application strong evi-

dence is provided that the presence of significant levels of

ANXA? in the serum samples of patients is diagnostic for

the presence of tumorous growths (benign or cancerous),

and could potentially replace the more expensive colonos-

copy method in certain settings. In addition, combining the

methods of analyzing blood samples for the presence of both

circulating tumor stem cells and concentrations of ANXA2

likely provides a robust diagnostic assay for predicting the

presence of benign vs cancerous growths in the patient. A

screening assay of this type, which is non-invasive and

laboratory based, is useful for identifying patients who may

need additional tests for confirming the presence of benign

and/or cancerous growths.
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skilled in the art will readily appreciate that the present
invention is well adapted to carry out the objects and obtain
the ends and advantages mentioned, as well as those inherent
therein. It will be apparent to those skilled in the art that
various modifications and variations can be made in prac-
ticing the present invention without departing from the spirit
or scope of the invention. Changes therein and other uses
will occur to those skilled in the art which are encompassed
within the spirit of the invention as defined by the scope of
the claims.

What is claimed is:

1. A method for identifying circulating tumor cells, the
method comprising:

processing a subject’s blood sample by centrifugation to

result in a first population comprising nucleated epi-
thelial cells and a population comprising white blood
cells;

depleting CD45+ cells from the first population to result

in a second population substantially depleted of CD45+
cells;

concentrating the CD45+ depleted population and immu-

nostaining with an anti-CD45 antibody to confirm the
relative absence of CD45+ cells;
measuring CD44 positive cells in the concentrated CD45+
depleted population by contacting the population with
an anti-CD44 antibody, and wherein a cell positive for
CD44 in the depleted population is a circulating tumor
cell.
2. The method of claim 1 wherein the immunostaining
comprises immunostaining of cells present on a slide.
3. The method of claim 1 further comprising detecting the
presence of epithelial cells in the concentrated population by
immunostaining for an epithelial marker.
4. The method of claim 3 wherein the epithelial marker is
CK19.
5. The method of claim 4 wherein CK19 is measured
using antibody.
6. The method of claim 1 wherein the tumor cells are
colorectal tumor cells.
7. A method of identifying circulating tumor cells, the
method comprising removing red blood cells from a sub-
ject’s blood sample to result in a first population including
white blood cells and epithelial cells;
depleting white blood cells from the first population by
positive selection of CD45+ cells to result in a second
population substantially depleted of CD45+ cells;

measuring CD44 positive cells in the CD45+ depleted
second population by contacting the population with an
anti-CD44 antibody, wherein a cell positive for CD44
in the second population is a circulating tumor cell and
wherein the depletion of the white blood cells and the
measurement of CD44 positive cells comprise the use
of antibody-coupled magnetic beads.

8. The method of claim 7 wherein the removal of red
blood cells comprises the use of antibody-coupled magnetic
beads.

9. The method of claim 7 wherein the tumor cells are
colorectal tumor cells.
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