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ANTI-CEXCRI COMPOSITIONS AND METHODS

CROSS-REFERENCE TO RELATED APPLECATIONS
The present application claims priority to UK. Provisional Patent Application No.

61/113,458, filed November 11, 2008, hereby mcorporated by reference in its entirety,

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

This invention was made with government support under grant numbers
CAB6233, CATOIRO0, and 5 P 30 CA46592 awarded by the NIH. The government has

certain rights in the invention.

FIELD OF THE INVENTION

The present imvention provides methods of treating cancer by administering an
[L8-CXCR] pathway imbibitor {e.g., an anti-CXCR1 antibody or Repertaxin} alone or in
combination with an additional chemotherapeutic agent such that non-tumerigenic and
tumorigenic cancer cells in a subject are killed. The present invention also provides
compositions and mcthods for detecting the presence of and isolating solid tumor stem

cells in a patient {e.g., based on the presence of CXCRI or FBX 021},

BACKGROUND

Cancer rermains the number two canse of mortality in this country, resuliing in
aver 500,000 deaths per year, Despite advances in detection and treatment, cancer
mortality reroains high, Despite the remarkable progress in inderstanding the
molecilar basis of cancer, this knowledge has not vet been iranslated into effective
therapeutic strategies.

In particular, breast cancer 18 the most commmon cancer n Arserican women,
with approximately one in nine women developing breast cancer in their hifetime.
Unfortunately, metastatic breast cancer 1S still an incurable disease. Most women with

metasiatic breasi eancer succumb 10 the disease.
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Traditional modes of therapy (radiation therapy, chemotherapy, and hormonal
therapy), while useful, have been limited by the emergence of treatment-resistant
cancer cells. Clearly, new approaches are needed to identify targets for treating

metastatic breast cancer and cancer generally.
SUMMARY

In an aspect, there is provided the use of a CXR1 antagonist or a IL8-CXCRI1
signaling pathway antagonist in association with a chemotherapeutic in the

preparation of a medicament for treating a subject having a tumor.

The present disclosure provides methods of treating cancer by administering an
IL8-CXCRI pathway inhibitor (e.g., an anti-CXCR1 antibody or Repertaxin) alone or in
combination with an additional chemotherapeutic agent such that non-tumorigenic and
tumorigenic cancer cells in a subject are killed. The present disclosure also provides
compositions and methods for treating and diagnosing the presence of solid tumor stem

cells in a patient (e.g., based on the presence of CXCR1 or FBXO021).

In some embodiments, the present disclosure provides methods of treating cancer
comprising: administering an IL§-CXCRI1 pathway antagonist and an additional
chemotherapeutic agent to a subject. In certain embodiments, the present disclosure
provides methods of reducing or eliminating cancer stem celis and non-tumorigenic
cancer cells in a subject comprising: administering Repertaxin or derivative thereofto a
subject under conditions such that at least a portion of the cancer stem cells and at least a
portion of the non-tumorigenic cancer cells are killed. In other embodiments, the present
disclosure provides methods of reducing or eliminating cancer stem cells and non-
tumorigenic cancer cells in a subject comprising: administering an IL§-CXCR1 pathway
antagonist and an additional chemotherapeutic agent to a subject under conditions such
that at least a portion of the cancer stem cells and at least a portion of the non-
tumorigenic cancer cells are killed. In particular embodiments, the present disclosure
provides compositions or kits comprising an IL8-CXCR1 pathway antagonist and an

additional chemotherapeutic agent.

In certain embodiments, the IL8-CXCRI pathway antagonist comprises an agent
that specifically blocks the binding of IL8 to CXCRI1. In some embodiments, the agent
binds to (is specific for) CXCRI1, but does not bind to CXCR2. In other embodiments,
the agent binds to CXCR1. In particular embodiments, the agent comprises an anti-

CXCRI1 antibody or antibody fragment. In additional embodiments, the agent comprises
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Repertaxin or a derivative thereof. In further embodimenits, the additional
chemotherapeutic agent comprises an anti-mitotic compound. In certain embodiments,
the anti-mitotic compound is selected from the group consisting of: docetaxel,
doxorubicin, paclitaxel, fluorouracil, vincristine, vinblastine, nocodazole, colchicine,
podophyllotoxin, steganacin, and combretastatin. In other embodiments, the anti-mitotic
compound is a catharalthus alkaloids (e.g., vincristine and vinblastine); or a
benzimidazole carbamates such as nocodazole; or colchicine or related compounds such
as podophyllotoxin, steganacin or combretastatin; or a taxane such as paclitaxel and
docetaxel. In certain embodiments, the additional chemotherapeutic agent comprises

docetaxel.

In particular embodiments, the subject has a type of cancer that, when treated
with a chemotherapeutic, has increased levels of IL-8 production (e.g., which causes an
increase in cancer stem cell number of motility). In some embodiments, the subject has a
type of cancer selected from the group consisting of: prostate cancer, ovarian cancer,
breast cancer, melanoma, non-small cell lung cancer, small-cell lung cancer, and

esophageal adenocarcinoma.

In other embodiments, the present disclosure provides methods of detecting solid
tumor stem cells comprising; a) providing: i) a sample taken from a tumor of a subject,
and ii) an antibody, or antibody fragment (or other binding molecule), specific for the
CXCR1 protein or FBXO21 protein (or another protein from Table 1); and b) contacting
the tissue sample with the antibody, or antibody fragment, under conditions such that the

presence or absence of CXCR1+ or FBX021+ solid tumor stem cells are detected.

In particular embodiments, the antibody, or antibody fragment, is conjugated to a
signal molecule. In further embodiments, the signal molecule comprises a fluorescent
molecule. In other embodiments, the signal molecule comprises an enzyme that can
catalyze a color producing reaction in the presence of a colorimetric substrate. In certain
embodiments, the method further comprises contacting the sample with a secondary
antibody, or secondary antibody fragment, specific for the antibody or antibody fragment.
In other embodiments, the secondary antibody, or secondary antibody fragment,
comprises a signal molecule. In particular embodiments, no other proteins or nucleic

acids are assayed in order to determine the presence or absence of the CXCR1 or
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FBXO021+ solid tumor stem cells. In additional embodiments, the tumor is selected from
the group consisting of: a prostate cancer tumor, an ovarian cancer tumor, a breast cancer
tumor, a melanoma, a non-small cell lung cancer tumor, a small-cell lung cancer tumor,

and an esophageal adenocarcinoma tumor.

In some embodiments, the present disclosure provides methods of enriching for a
population of solid tumor stem cells comprising: a) disassociating a solid tumor to
generate disassociated cells; b) contacting the disassociated cells with a reagent that binds
CXCR1 or FBX021 (or other protein from Table 1); and c) selecting cells that bind to
the reagent under conditions such that an a population enriched for solid tumor stem cells

is generated.

In certain embodiments, no additional reagents are employed in order to generate
the population enriched for solid tumor stem cells. In some embodiments, the tumor is
selected from the group consisting of: a prostate cancer tumor, an ovarian cancer tumor, a
breast cancer tumor, a melanoma, a non-small cell lung cancer tumor, a small-cell lung
cancer tumor, and an esophageal adenocarcinoma tumor. In further embodiments, the
reagent is an antibody or antibody fragment (e.g., Fab fragment). In additional
embodiments, the reagent is conjugated to a fluorochrome or magnetic particles. In other
embodiments, the selecting cells is performed by flow cytometry, fluorescence activated

cell sorting, panning, affinity column separation, or magnetic selection.

In particular embodiments, the present disclosure provides an enriched

population of solid tumor stem cells isolated by the methods described herein.

In some embodiments, the present disclosure provides isolated populations of
cancer stem cells that are: a) tumorigenic; and b) CXCR1+ or FBXO21+. In certain
embodiments, the cancer stem cells are cancer stem cells selected from the group
consisting of: prostate cancer stem cells, ovarian cancer stem cells, breast cancer stem
cells, skin cancer stem cells, non-small cell lung cancer stem cells, small-cell lung cancer
stem cells, and esophageal adenocarcinoma stem cells. In other embodiments, the
population comprises at least 60% cancer stem cells and less than 40% non-tumorigenic
tumor cells. In further embodiments, the cancer stem cells: are enriched at least two-fold
compared to unfractionated non-tumorigenic tumor cells (e.g., 2-fold, 3-fold, 4-fold, 5-
fold, ..., 10-fold, ... 100-fold, ... 1000-fold).
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In some embodiments, the present disclosure provides methods for obtaining from
a tumor a cellular composition comprising cancer stem cells and non-tumorigenic tumor
cells, wherein at least 60% are tumorigenic stem cells and 40% or less are non-
tumorigenic tumor cells, the method comprising: a) obtaining a dissociated mixture of
tumor cells from a tumor; b) separating the mixture of tumor cells into a first fraction
comprising at least 60% cancer stem cells and 40% or less non-tumorigenic tumor cells
and a second fraction of tumor cells depleted of cancer stem cells wherein the separating
is by contacting the mixture with a reagent against CXCR1 or FBX021; and c)
demonstrating the first fraction to be tumorigenic by: 1) serial injection into a first host
animal and the second fraction to be non-tumorigenic by serial injection into a second
host animal. In certain embodiments, the separating is performed by flow cytometry,
fluorescence activated cell sorting (FACS), panning, affinity chromatography or
magnetic selection. In some embodiments, the separating is performed by fluorescence

activated cell sorters (FACS) analysis.

In particular embodiments, the present disclosure provides methods for selecting a
treatment for a patient having a solid tumor, comprising: (a) obtaining a sample from the
patient; (b) identifying the presence of CXCR1+ or FBXO021+ solid tumor stem cell in
the sample; and (c) selecting a treatment for the patient that targets CXCR1+ or
FBXO21+ solid tumor stem cells (e.g., selecting the use of an anti-CXCR1 antibody or
antibody fragment). In certain embodiments, the CXCR1+ or FBX021+ solid tumor
stem cells are cancer stem cells selected from the group consisting of: prostate cancer
stem cells, ovarian cancer stem cells, breast cancer stem cells, skin cancer stem cells,
non-small cell lung cancer stem cells, small-cell lung cancer stem cells, and esophageal

adenocarcinoma stem cells,

In some embodiments, the present disclosure provides methods for screening a
compound, comprising: a) exposing a sample comprising a CXCR1+ or FBX021+
cancer stem cell to a candidate anti-neoplastic compound, wherein the candidate anti-
neoplastic compound comprises a CXCR1 or FBXO2! antagonist or a IL§-CXCR1
signaling pathway antagonist; and b) detecting a change in the cell in response to the

compound.
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In certain embodiments, the sample comprises a non-adherent mammosphere. In
further embodiments, the CXCR1 or FBX021 antagonist, or IL§-CXCR1 signaling
pathway antagonist comprises an antibody or antibody fragment. In some embodiments,
the CXCR1 antagonist is a derivative of Repartaxin. In other embodiments, the detecting
comprises detecting cell death of the tumorigenic breast cell. In further embodiments, the
methods further comprise identifying the candidate anti-neoplastic agent as capable of

killing tumorigenic cells as well as non-tumorigenic cancer cells.

In some embodiments, the present disclosure provides methods for determining
the capability of a test compound to inhibit tumorigenesis of solid tumor stem cells
comprising: a) obtaining enriched solid tumor stem cells, wherein the solid tumor stem
cells: 1) are enriched at least two-fold compared to unfractionated tumor cells; and ii)
express CXCR1 or FBXO21; b) exposing a first set, but not a second set, of the solid
tumor stem cells to a test compound; ¢) injecting the first set of the solid tumor stem cells
into a first host animal and injecting the second set of solid tumor stem cells into a second
host animal; and d) comparing a tumor, if present, in the first animal with a tamor formed
in the second animal in order to determine if the test compound inhibits tumor formation.
In particular embodiments, the test compound is a CXCR1 or FBX021 inhibitor, or a
IL8-CXCR]1 inhibitor pathway inhibitor.

In further embodiments, the present disclosure provides methods for determining
the capability of a test compound to inhibit tumorigenesis of solid tumor stem cells
comprising: a) obtaining a sample comprising at least 60% solid tumor stem cells,
wherein the solid tumor stem cells express CXCR1 or FBXO21; b) injecting the solid
tumor stem cells into first and second host animals; ¢) treating the first host animal with a
test compound, and not treating the second host animal with the test compound; and d)
comparing a tumor, if present, in the first animal with a tumor formed in the second
animal in order to determine if the test compound inhibits tumor formation. In other
embodiments, the test compound is a CXCR1 or FBXO21 inhibitor or an IL8-CXCR1
pathway inhibitor.
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DESCRIPTION OF FIGURES

Figure I shows the ALDEFLUGR-positive cell populations from breast cancer
cell fines (MDA-MB-433, SUM1 59} have cancer stem cell properties. A-B, G-H.
Representative flow cytometry analysis of ALDH enzymatic activity in MDA-MB-433
{A-B) and SUMI159 eells {G-F). The ALDEFLUOR assay was performed as described
in Example 1 below. {(C, 1) The ALDEFLUOR-positive population was capable of
generating tumors in NOD/SCID mice which recapifulated the phenotypic
heterogeneity of the imiial tumor, {F, L) Tumor growth carves were piotted for
different numbers of cells injected (for MIDA-MEB-453; 50,000 cells, 5,000 cells, and
500 cells and for SUMI159: 100,000 cells, 16,000 cells, and 1,000 cells) and for each
population (ALDEFLUOR-positive, ALDEFLUOR-negative, unseparated}. Tumor
growth kinetics correlated with the latency and size of tumor formation and the number
of ALDEFLUOR-posttive cells (F, L}, (D, ¥} H&E staining of ALDEFLUOR-positive
cells” injection site, revealing presence of tumor cells (D MDA-MB-453
ALDEFLUOR-positive cells” inection site, and J;: SUMS9 ALDEFLUOR-positive
cells” imjection site). (E. K} The ALDEFLUOR negative cells” injection site contained
only residual Matrigel, apoptotic cells, and mouse tissue {E: MDA-MB-453
ALDEFLUOR-negative cells” injoction site, and K: SUMSS ALDEFLUOR -negative
cells’ injection site). Data represent mean + SD.

Figure 2 shows classification of the ALDEFLUOR-positive and ALDEFLUOR-
negative populations isolated from breast cell lines based on the “cancer stem cell
signature”. Tigure 2A. Hierarchical clostering of 16 samplos based on a 413-gene
expression signature. Each row of the data matrix represents a gene and each colomn
represends a sarnple. Note the separation between ALDEFLUOR-postutive (underlined
names) and negative sampies (non-underlined names) with the 413 genes for 15 out of
the 16 samples. Some genes inchided in the signature are referenced by their HUGO
abbreviation as used in “‘Enfrez Gene’ (Genes down-regulated in the ALDEFLUQR-
positive populations ave labeled in green and genes up-regulated in the ALDEFLUOR-
positive populations are labeled in vred). Fig. 2B-C. To confirm the gene expression
results, in a set of five breast cancer cell lines sorted for the ALDEFLUOR phenotype,

the expression of five discriminator genes overexpressed in ALDEFLUOR-positive

i



populations (CXCRUILERA, FBXO21, NFYA, NOTCH? and RADS L) were
measured by quantitative RT-PCR. The guantitative RT-PCR expression levels of
CXCRT and FBXO21 are presented in this figure. Gene expression levels measured by
quantitative RT-PCR confinm the results obtained using DNA microarrays with an
increase of CXCRY and FBXO21 mRNA level in the ALDEFLUOR-positive

N

population compared to the ALDEFLUOR-negative population (p<0.05).

Figure 3 shows the role of the ILE/CXCRI axis in the regulation of breast
cancer stem celis. A, Cells expressing CXCRI are contained in the ALDEFLUOR-
positive poputation. The ALDEFLUOR-positive and -negative population from four
different breast cell lines (HCC1954, SUMI39, MDA-MB-433, Br{a-MZ-01) were
isolated by FACS, fixed, and analyzed for the expression of CXCR1 protein by
inununostaining and FACS analysis. ALDEFLUOR-positive cells were highly
enriched in CXCR1-positive cells compared to the ALDEFLUOR -negative population,
B. Effect of IL8 treatment on tumorosphere formation of three different cell lines
{HCC1954, SUMI139, MDA-MB-453). 1L8 treatment increased the formation of
primary and secondary tumorospheres in a dose-dependent mamner. C. Effect of 1LE
treatment on the ALDEFLUOR-positive population of four different cell lines cultured
in adherent conditions. IL¥ increased the ALDEFLUOR-positive population in a dose-
dependent manner it each of the four cell lines analyzed (¥ p<0.05/ *¥ p<0.01,
statigtically significant differences from the control group).

Figare 4 shows ALDEFLUOR-positive cells display increased metastatic
potential. A, The IL&/CXCRI axis 1s involved in cancer stexn cell nvasion. The role of

the TLE/CXCRI axis in movasion was assessed by 2 Matngel invasion assay using serum

ALDEFLUOR-positive cells were 6+ (o 20-fold more invasive than ALDEFLUOR-
negative cells (p<0.01). When using IL8 (100 ng/ml) as ativactant, it was observed that
a stgnificant increase of ALDEFLUOR-~positive cells were invading through Mairigel
compared to serom as attractant {(p<(.035). In contrast IL8 had no effect on the nvasive
capacily of the ALDEFLUOR-pegative population. B-M. The ALDEFLUOR -positive
poputation displaved increased metastatic potential. B-D, Quantification of the

normalized photon flug measwred at weekly intervals following incculation of 100,000
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tuciferase infected cells from each group (ALDEFLUOR-positive, ALDEFLUOR-
negative, unseparated). E-J Detection of metastasis utilizing the bioluminescence
imaging software (E, G, I: Mice facing down; F, H, I Mice facing up). Mice
inoenlated with ALDEFLUOR-posttive cells developed several metastasis jocalized at
different sites {bone, muscle, lung, soft tissuc) and displayed a higher photon flux
emission than mice inoculated with unseparated cells, which developed no more than
one metastasis per mouse. In contrast, mice inoculated with ALDEFLUOR-negative
cells developed only an oceasional small metastasis, which was lited to fvmph nodes.
K-M. Histologic confirmation, by H&E staining, of metastasis in bone (K}, soft tissue
{L} and muscle (M) resulting from injection of ALDEFLUOR-positive cells,

Figure 5 shows the cffect of CXCRI inhibition on tumor cells viability (Fig.
SA3 as well as on cancer ster cell viability (Fig. 5B).

Figure 6 shows that Repertaxin treatment induces a bystander effect mediated
by the FAS/FAS ligand signaling, and specifically shows that the cell growth imhibition
induced by the Repertaxin treatment was partially rescued by the addition of a FAS
antagonist and that the cells treated with a FAS agonist displayed a similar cell growth
inhibition than the cells treated with Repertuxin,

Figure 7 shows the activation of FAK, AKT and FOXOASJ activation without
Repertaxin treatment (7TA) and in the presence of Repertaxin (7B),

Figure 8 shows the effect of Repertaxin, docetaxel, or the combination thereof on
one breast cancer celi line (84, SUMI59) and three hurvan breast cancer xenografts
generated from difforent pationts (8B, MC1; 8C, UM2; and 8D, UM3).

Figure 9 shows the effect of Repertaxin, docetaxel, or the corgbination freaiment
on the cancer stem cell population as assessed by the ALDEFLUOR assay on various
cells limes mcluding SUMUESS (BA), MCT (9B), UMZ (9C), UM3 (9D).

Figure 16 shows the effect of Repertaxin, docetaxel or the combination on serial
dilutions of primary tumors (10A. SUM159, 10B. MCL, 10C. UMZ2, 10D, UM3) that
were implanted in the mamiary fat pad of secondary NOD-SCID mice,

Figure 11 shows that Repertaxin treatment reduces the metastatic potential of
SUMIS9 cell line. Figure LA shows a quantification of the normalized photon flux

measured at weekly intervals following imoculation with intracardiec administered SUM
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139 cells. Metastasis formation was monitored using biolurnineseence inaging (11B:
Mice treated with saline solution; 1 1C: Mice treated with Repertaxin).

Figure 12 shows representations of the overlap between the ALDEFLUOR-
positive subpopulation and the CXCR1-positive subpopulation {top) or CXCR2-
positive subpoputation (bottom) of SUM 59 cells. B-C. SUMI59 cells were caltured in
adberent conditions and treated with repertaxin (100nM) or two specific blocking
antibodies for CXCRT { 10pg/ml) or CXCRI (10ug/ml). Afier three days, the effect on
the cancer stem cell population was analyzed using the ALDEFLUOR assay (B) cell
viability was accessed after five days of treatment using the MTT assay (C). A
significant reduction of the ALDEFLUOR-positive population and cell viability was
observed following treatment with repertaxin or anti-CXCR1 antibody. In contrast no
sﬁgnii’icam effect was observed with anti-CXCR2 antibody. D. After 4 days of

catment, the number of apoptotic cells was evaluated utilizing a TUNEL assay. 36%
apoptotic cells (stained in green) were detected in repertaxin treated cefls compared to
the controls where mostly viable celis (stained in blue) were present, E-F. To determine
whether cell death was mediated via a bystander effect. CXCR L-positive and CXCRI-
negative populations were flow sorted and each population treated with various
concentrations of repertaxin (2}, A deerease in cell vigbility in CXCR 1 -positive and
vnsoried populations were detected whereas no effect was observed in the CXCRI-
negative population (B}, Dialyzed conditioned medium (dCM) from CXCR 1 -positive
cells treated for three days with repertaxin was utilized to treat sorted CXCR 1-positive,
CXCRI-negative, or unsorted populations. Serial dilutions of dialyzed conditioned
medivm were utilized (Control, dCM 14, dCM 172, dCM 3/4, dCM). After two days of
treatment, cell viability was evaluated prilizing the MTT assay. A massive decrease o
cell viability was observed in both CXCR 1 -negative and unseparated populations
whereas ne effect was observed in the CXCRI-positive population {F).

Figure 13 shows tumoerigenicity of the ALDEFLUOR -positive/CKCR | -positive
and ALDEFLUOR-positive/CXCR 1 -negative cell populations from SUMISS cell line.
A. Twor growth curves were plotted for different numbers of cells injected (50,000
ceils, 5,000 cells, 1,000 cells, and 500 celisy and for each population (ALDEFLUOR-
positive/CXCR-positive, ALDEFLUOR-positive/CXCR 1 -pegative). Both cell

10
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populations generated tumors. Turmor growth Kinetics correlated with the latency and
size of tumor formation and the number of cells injected. B-C. Tumors generated by the
ALDEFLUOR-positive/CXCRE-postrive population reconstituied the phenotypie
heterogeneity of the inttial tumor upon serial passages whereas the ALDEFLUOR-
positive/CXCR1-negative population gave rise to tumors containing ounly
ALDEFLUOR-positive/CXTR [ -negative celis. We transplanted both cell population
for three passages.

Figure 14 shows the effect of CXUR1 blockade on tumorsphere formation,

SUM 159 and HCC1954 cells were cultured in adherent conditions and treated for three
days with repertaxin (100nM), an anti-CXCR1 blocking antibody (10ug/ml), or an anti-
CXCR2 blocking antibody (10ug/mi}). After three days of treatment, cells were
detached and cultured i suspension. The number of tumorspheres formed after 5 days
of culture were evaluated. Similar results were observed for the both cell lines with
significant decrease in primary and secondary tumorosphere formation in the repertaxin
and anti CXCR1-treated conditions compared to controls. In confrast, anti-CXCR2
blocking antibody had no effect on tumorosphere formation.

Figure 15 shows the effect of repertaxin treatment on cell viability of SUMI59,
HCC1954, and MDA-MB-453 cell lines. Three different cell fines (SUM159,
HCC1954, MDA-MB-453) were cultured in adherent conditions and treated with
repertaxin (F00uM). Cell viability was evaluated afier one, three, and five days of
treatmpent using the MTT assay. A decrease i cell viability was observed afier 3 days
of treatment for SUM1359 and HCC1954 cell line. However, repertaxin did not effect
the viability of MDA-MB 433 cells.

Figure 16 shows the effect of CXCRI blockade on the ALDEFLUOR-positive
population in vitro. A-B. FICC1954 (A) and MDA-MB-433 (B) cells were cultured in
adherent conditions and treated with repertaxin {( 1000M) or two specific blocking
antibodies for CXCRT (10pg/ml) or CXCR2 (10ug/ml). After three days, the effect on
the cancer stem cell population was analyzed using the ALDEFLIUOR assay. For
HOC 1954, a significant reduction of the ALDEFLUOR-positive population and celi

viability was observed following treatment with repertaxin or anti-CXCR1 antibody. In
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contrast no significant effect was observed with anti-CXCR2 antibody (A). For MDA-
MB-453, np any effect on the ALDEFLUOR -positive population was observed (B).

Figure 17 shows repertaxin treatment induces a bystander effect mediated by
FAS/FAS-ligand signaling. A, To determine whether the bystander killing effect
induced by the repertaxin treatment was mediated by FAS-ligand, the level of soluble
FAS-ligand in the medinm was measured otilizing an ELISA assay. After 4 days of
treatment, greater than a fow-fold increase of soluble FAS-Ligand was detected in the
medium of cells treated with repertaxin compared to non-treated controls. B, The level
of FAS-ligand mRNA was measured by RT-PCR and confirmed the increase of FAS-
ligand production after treatment with repertaxin. Similar results were observed afier 4
days of treatment with a FAS agonist that activates FAS signaling, with a five-fold
increase of the FAS-ligand mBNA compared to the control. C. SUM159 cells were
cultwred in adherent conditions and treated with repertaxin alone or in combination with
an anti- FAS-ligand, Cell growth inhibition induced by the Repertaxin treatment was
partially rescued by addition of anti-FAS-Ligand. Cells treated with a FAS agonist
displayed similar cell growih inhibition to cells treated with repertaxin alone, D-E. The
effect of repertaxin treatment alone o1 in combination with an anti-FAS-lgand and the
treatment of a FAS-agonist on the CXCR1-positve and ALDEFLUOR-positive
population was analyzed. The massive decrease in the CXCR 1-positive and
ALDEFLUQGR-positive population induced by repertaxin ticatment was not rescued by
the anti-FAS-Higand and freatraent with FAS-agouist produced a ten-fold and three-fold
morcase in the pereent of the CXTR | -positive and ALDEFLUOR -positive population,
respectively,

Figure 18 shows the effect of FAS agovnist on CXCR1-positive and CXCRI-
negative cells, CXCRI-positive and CXCR -negative populations were flow sorted and
each population treated with various concentrations of FAS agonist. A decrease in cell
viability in CXCR |-negative and unsorted populations were detected whereas no effect
was observed in the CXCR I-positive population.

Figure 19 shows analysis of CXCR1 protein expression in the normal breast
steny/progenitor population and effect of [L-8 treatment on mammosphere formation,

A. The ALDEFLUOR-positive and -pegative population from normal breast epithelial
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cells isolated form reduction mammoplasties was isolated by FACS, fixed, and

analyzed for the expression of CXCR1 protein by immunostaiming and FACS analvsis.

ALDEFLUOR-positive cells were highly enriched in CXCR L-pusitive cells compare

to the ALDEFLUOR-negative population. B-C. Effect of TLR treatment on

mammosphere formation. 1LE treatment increased the formation of primary (8) and
secondary mammospheres (C) in a dose-dependent manner,

Figure 20 shows the effect of repertaxin treatment on the normal manumary
epithetial cells. A. Normal mammary epithelial cells isolated from reduction
mammoplasties were cultured in adherent condition and treated with repertaxin (100nM
or 500nM) or FAS agonist (300ng/ml}. After five days of weatment cell viability was
evaluated using MTT assay. Repertaxin treatment or the FAS agonist had no cffect on
the viability of normal mammary epithelial cells cultured in adherent conditions, even
when high concentrations of repertaxin (S00nM) were utilized, B, The level of soluble
FAS-lHigand was evalnated by Elisa assay in the medium of normal mammary epithelial
cells treated with repertaxin, After 4 days of treatment an increase of sofuble FAS-
ligand was detected in the mediom from treated cells, C. Analysis of FAS/CD95
cxpression in the normal mammary epithelial cells by FACS analysis, No FAS/CDO3S
expression was detected in the normal mammary epithelial cells cultured in adherent
condition, D, Effect of repertaxin treatment on mammosphere fonmation. Normal
mammary cpithelial eclls were enltured in adherent condition and treated during four,
cight, eleven and fiftecn days with repertaxin (1000M). Afler repertasin treatiment cells
were detached and cultured tn suspension. A significant deercase of manunosphere-
mitiating cells was observed i the repertaxin-treated condition.

Figure 21 shows the effoct of repertasin treatment on FAK, AKT and FOXO3a
activation. Te evaluate the effect of repertaxin freatment on CXCRI downstream
signaling, two different viral constrocts were utilized, one knocking down PFTEN
expression via a PTEN-siRNA and the other leading to FAK overexpression (Ad-
FAK). A, SUMI59 control, SUM159 PTEN-siRNA, and SUM159 Ad-FAK cells were
cultured in adherent conditions for two days in the absence or presence of 100uM
repertaxin and the activation of the FAK/AKT pathway was accessed by western

blotiing. Repertaxin treatment led to a decrease in FAK Tyr397 and AKT Serd73

.
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phosphorylation whereas PTEN deletion and FAE. overexpression blocked the effect of
reperiaxin treatment on FAK and AKT activity. B. Utibizing immunofluorescence
taining on CXCR1-positve cells, we confirmed that Repertaxin treatment results in a
disappearance of phospho-FAK (membravous staining in red) and phospho-AKT
expression {cytoplasmic staining in ved). bumunofluorescence staining with an anti-
FOXO3A revealed a cytoplasmic location of FOX032 {in red} in the untreated cells
whereas repertaxin treatment induced a re-localization of FOXO3A 1o the nucleus. In
coutrast, cells with PTEN deletion or FAK overexpression display a high level of
phospho-FAK, phospho-AKT and cytoplamic FOXO3A expression in both the
repertaxin treated and untreated cells. In all samples, nuclet were counterstained with
DAP] (in blue). C-D. The effect of Repertaxin on the SUMI39 PTEN-siBNA and
SUMT59 Ad-FAK cell viability and on the cancer stem cell population was assessed
utilizing the MTT and ALDEFLUOR assays. respectively. After 3 days of treatment,
cells with PTEN deletion or FAK overexpression deveieped resistance to repertaxin
{C). Repertaxin treatment did not alter the proportion of ALDEFLUOR positive
SUMI3% PTEN knockdown cells. (D),

Figure 22 shows the cffect of repertaxin treatment on FAK/AKT activation in
HOC1954 and MDA-MB-453 cclf lines. To evaluate the effeet of repertaxin treatment
on CXCR1 downstream signaling we utilized a lentiviral construct knocking down
PTEN expression via a PTEN-siRNA A. HCC1934 control and BCC1954 PTE
siRNA cells were cultured in adherent conditions for two days in the absence or
presence of 100uM repertaxin and the activation of the FARK/AKT pathway was
accessed by western blotting, Repertaxin treatment led to a decrease in FAK Tyr397
argl AKT Serd73 phosphorylation whereas PTEN deletion blocked the effect of
reperiaxin treaiment on FAK and AKT activity. B. Repertaxin treatment did not have
any effect on cell viability of MDA-MB-453 cell ine wich harbor PTEN mutation.
Utilizing western blot analysis we confirmed that FAK/AXT pathway was not
periurbated by repertaxin treatinent.

Figure 23 shows the effect of repertaxin on the HCC1954 PTEN-siRNA cell
viability, assessed vtilizing the MTT assay. After 3 days of treatment, cells with PTEN

deletion developed resistance to repertaxin,
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Figure 24 shows expression of FAS-ligand and TL~-8 mRNA after docetaxel or
repertaxin freatment measured by guaantitative RT-PCR. A-B. SUMI1 39 cells cultured
in adherent condition were treated with repertaxin (100nM}), FAS agonist (500ng/ml) or
docetaxel (1 OnM). After three days of treatment ceils were collected and RNA
extracted. Docetaxel, induced both FAS-tigand {A) and TL-8 (B) mRNA in SUMI159
cells. A 4-fold increase of 1L-8 mRNA level was detected after FAS agonist or
docetaxel treatment (B).

Figure 25 shows evaluation of PTEN/FAK/AKT activation in the three different
breast cancer xenografts. Western blot analysis revesled that both xenografis presented
an expression of PTEN and an activation of FAKX/AKT pathway as shown by FAK
Tyr367 and AKT Serd73 phosphorylation.

Figure 26 shows Effect of Repertaxin treatment on the breast cancer stem cell
population in vivo. A-C. To evaluate the offect of repertaxin treatment on tumor
growth and the cancer stem cell population in vivo a breast cancer cell line (SUMI159)
and three human breast cancer xenografis generated from different patients (MCI,
UM2, UM3) were utilized. A. For each sample, 30,000 cells were injected into the
humanized mammary fat pad of NOD/SCID mice and monitored tumor size, When the
fumors were about 4 mut, 5.¢. injection of repertaxin (1 5mg/Kg) twice/day for 28 days
or once/week LP. injection of docetaxel (10mg/E g) or the combination
(repertaxin/docctaxcl) was initiated. The graph shows the tumor size before and during
the course of each mdicated reatment (arrow, beginning of the treatment). Stoular
resulis were observed for each sample with a statistically significant reduction of the
tumor size o docetasel alone or the combination repertaxin/docetaxe! treated groups
compared to the coutrol, whereas no difference was observed between the growth of the
control tumors and the tamors treated with repertaxin alone. B-C. Bvaluation of
repertaxin, docetaxel, or the combined treatment on the cancer stem cell population as
assessed by the ALDEFLUOQOR assay (B) and by reimplantation into secondary mice
(C). Docetaxel-treated tumor xenografts showed similar or increase percentage of
ALDEFLUOR-positive cells compared to the control, whereas repertaxin treatment
alone or m combination with docetaxef produced a statistically significant decrease in

ALDEFLUOR-positive cells with a 65% to 85% decrease in cancer stem celis
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conmpared to the control (p<0.01) (B}, Serial diluotions of cells obtained from primary
fumors, non freated (confrol), and treated mice were implanted in the mammary fat pad
of secondary NOD/SCID mice which received no firther treatment. Control and
docetaxel treated primary tumors formed secondary tumors at all dilutions whereas,
only higher numbers of cells obtained from primary tumors treated with repertaxin or in
combination with docetaxel were able to form tumors. Furthermore, tumor growth was
significantly delayed and resulting tumors were significantly smaller in size than the
control or docetaxel treated tumeors (). D, Xenotransplanis from each group were
coliected and mununohistochemistry staining was done to detect the expression of
phospho-FAK, phospho-AKT, FOXC3A, and ALDH1, Membranous phospho-FAK
expression and cytoplasmic phospho-AKT expression {arrow) was detected in the
contrel and docetaxel-treated tumors whereas no expression was detected in the tumors
treated with repertaxin alope or in combination with docetaxel. Nuclear FOXO3A
expression {in brown} was detected in the cells treated with docetaxel or repertaxin
alone or in combination. A decrease of ALDHI expression {arrow) was detected in
mors freated with repertaxin alone or in combination compared to conirol and the
docetaxel-treated tumors.

Figure 27 shows the effect of Repertaxin treatiment on the breast cancer stem
cell population in vivo. A-C. To evaluate the effect of repertaxin treatment on tumor
growth and the cancer stem cell population in vivo, a breast cancer cell line (SUMIS9,
A and three hurnan breast cancer xenografts generated from different patients.

For cach sample, 50,000 cells were injected into the humanized mammary fat pad of
NOD/SCID mice and montored turmor stze, When the tumors were aboui 4num, s.¢.
wjection of repertaxin (15mg/Kg) twice/day for 28 days or once/week LP, injection of
docetaxel (10mg/Kg) or the combination {repertaxin/docetaxel} was initiated. The
graph shows the tumor size before and during the course of cach indicated treativen
{arrow, beginming of the treatment), Similar results were observed for each sample with
a statistically significant reduction of the tumor size in docetaxel alone or the
combination repertaxin/docetaxel treated groups compared to the control whereas no
difference was observed between the growth of the control tumors and the umors

treated with repertaxin alone. Bvaluation of repertaxin, docetaxel, or the combined
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treatment on the cancer stem cell popnlation was assessed by the ALDEFLUOR assay
and by reimplantation inio secondary mice. Docetaxel-treated tumor xenografts showed
similar or increased percentage of ALDEFLUOR-positive cells compared (o the
control, whereas repertaxin treatment alone oy in combination with docetaxel produced
a statistically significant decrease in ALDEFLUOR-positive cells with a 65% 1o 85%
decrease in cancer stevn cells comparad to the control (p<@.01). Serial dilotions of cells
obtained from primary timors, non-treated {control), and treated mice were implanted
in the mammary fat pad of secondary NOD/SCID mice which received no firther
treatment. Control and docetaxel treated primary tumors formed secondary tomors at all
dilutions whereas, onby higher numbers of cells obtained from primary tumors treated
with repertaxin or in combination with docetaxel were able to form tumors, Tumor
growth was significantly defaved and resulting tumors were significantly smaller in size
than the control or docetaxel treated fumors.

Figure 28 shows the effect of repertaxin freatment on the breast cancer stem cell
population as assessed by the CD44+/CD24- phenotype. A-B. Evaluation of
repertaxin, docetaxel, or the combined treatment on the cancer stem cell population was
assessed by the presence of CD44-+/CD24- cells. In residual romors treated with

docetaxel alone, we consistently observed either an unchanged or increased percent of
CD44-+/CD 24~ cells whereas repertaxin treatment alone or in combination with
dooctaxel resulted in a reduetion of the CD44+/CD24- ccli population. A. Flow chart
analysis for UM3 xenografl 1s presented. B. Similar resulls were observed for MO,
UM2Z, and M3, Almost all of SUMIS9 cells are CD44-+/CD24- under all treatment
conditions.

Figure 29 shows repertaxin treatment reduces the development of gystemic
metastasis, To evaloate the effect of repenaxin freafment on metastasis formation
HCCI954 (A), SUMIS8 (B), MDAMIB-453 (T breast cancer cell lines were mfected
with a lentivirus expressing luciferase and moculated 250,000 luciferase infecied cells
mto NOD/SCID mice via miracardial njection. Mice were treated 12 hours after the
intracardiac injection either with s.c. injection of saline solution or s8.c. njection of
repertaxin {FSmg/kg), twice a day during 28 days. Metastasis formation was monitored

using bicluminescence imaging. Quantification of the normalized photon flux measured
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at weekly intervals following inoculation revealed a statistically significant decrease in
metastasis formation in repertaxin compared to saline controls for mice inoculated with
H’C()l 854 or SUM159 cells (A-B). In confrast, repertaxin treatment did not have any
etfect on metastasis formation for the mice injected with MDA-MB-453 cells, (C).
Histologio confirmation, by H&E staining, of metastasis in bone, and soft fissne
resulting from mice not treated by repertagin (D).

Figure 30 shows IL-8/CXCR1 signalling in cancer stew cells treated with
chemotherapy alone or in combination with repertaxin. A. Representation of potential
IE-8/CXCR cell signaling in cancer stem celis. CXCRI activation following [L-8
binding induces phosphoryiation of the Focal Adhesion Kinase (FAK). Active FAK
phosphorylates AKT and activates the WNT pathway, which regulates stem cell self
renewal and FOXO3 A that regulates cell survival. Activation of FAK protects cancer
stem cells from a FAS-Hgand/FAS mediated bystander effect by imhibiting FADD, a
downstream effector of FAS signaling. In the presence of chemotherapy, only the buik
tumor cells are sensitive to the treatment and release a high level of [L-8 and FAS-
ligand proteins during the apoptotic process. Breast cancer stem cells are stimulated
via an IL-8 mediated bystander effect and are resistant to the bystander killing effect
mediated via FAS-ligand. 8. Repertaxin rreatment blocks 1L-8/CXCR1 signaling and
inhibits breast cancer stemn cell seif-rencwal and survival, When repertaxin treatment is
combined with chemotherapy the cancer stem eells arce sensitized to the bystander

killing effect mediated by FAS-Higand,

DEFIMNITIONS

To facilitate an understanding of the present invention, a mumnber of terms and
p'm“ase&; are defined below:

As used berein, the terms “anticancer agem,” "conventional anticancer agent,” or
"cancer therapeutic drug” refer 1o any therapeutic agents {e.g., chemotherapeutic
compounds and/or molecular therapentic compounds), radiation therapies, or surgical
mterventions, used in the treatment of cancer {e.g., in mammals).

As used herein, the terms "drug” and "chemotherapentic agent” refer to

pharmacologically active molecules that are used to diagnose. treat, or prevent diseases or
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pathological conditions in a physiological system {e.g., a subject, or in vivo, in vitro, or ex
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vivo cells, tissues, and organs). Drugs act by altering the physiology of a living
organisiv, tissne, cell, or iz vitro system to which the drug has been administered, It is
intended that the terms "drug” and "chemotherapeutic agent” encompass anti-
hyperproliferative and antincoplastic compounds as well as other biologically therapeutic
compounds.

Aneffective amount” is an amoeunt sufficient 1o effect beneficial or desired
results. An effective amount can be administered in one or more administrations.

As used herein, the term "administration” refers to the act of giving a drug,
prodrug, antibody, or other agent, or therapeutic reatment to a physiologicél system (e.g.,
a subject o1 in vive, in vitro, or ex vive cells, tissues, and organs). Exemplary rontes of
administration to the human body can be through the eves (ophthalmic), mouth (oral),
skin (transdermal}, nose {nasal}, lnngs (inhalant), oral mucosa (buccal), car, by injection
{e.g., intravenously, subcutaneously, intratumorally, mtraperitoneally, erc.} and the like.

"Coadministration” refers to admunistration of more than one chemical agent or
therapentic treatment (e.g., radiation therapy) to a physiclogical system (e.g., a subject or
in vivo, in vitro, or ex vive cells, tissuces. and organs). "Coadministration” of the
respective chemical agents {e.g. ILB-CXCR 1 signaling pathway antagonist and additional
chemotherapeutic) may be concurrent, or in any temporal order or physical combination,

As used herein, the term "regression” refors 1o the return of a discased subject,

cell, tissue, ot organ to a non-pathological, or less pathologieal state as compared (0 basal
nonpathogenic exemplary subject, cell, tissue, or organ. For example, regression of a
tumor includes a reduction of tumor mass as well as complete disappearance of a tumor
OF [Umors

As used herein the term, "in vigre" refers to an artificial environment and to
processes or reactions that occor within an artificial envivonment. I virre environments
can consist of, but are not limited to, test tubes and cell cultores. The term "in vive”
refers to the natural environment (e.g., an animal or a cell) and o processes or reactions
that oocur within a natural environment.

As used herein, the term "cell culture” refers o any in virre oulture of celis

Included within this term are continuous cell lines (e.g., with an immortal phenotype),
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primary cell cultures, finite cell nes {e.g., non-transformed cells), and any other cell
population maintaied i vitro, including cocytes and embryos.

As used herein, the term "subject” oy "patient” refers to organisms to be treated by
the methods of the present mvention. Such organtsms include, but are not limited fo,
humans and veterinary animals {dogs, cats, horses, pigs, cattle, sheep, goats, and the
like}. tn the context of the mvention, the term "subject” or "patient” generally refers (o an
individual who will receive or who has received treatmnent.

The term "diagnosed,” as used herein, refers 1o the recognition of a disease by #s
signs and symptoms or genetic analysis, pathological analysis, histological analysis, and
the like.

As used herein, the term "antisense” is used in reference to nucleic acid seguences
{e.g., RNA, phosphorothicate DNA) that are complementary to a specific RNA sequence
{e.g., mRMA). Included within this definition are natural or synthetic antisense RNA
moleciles, including molecuies that regulate gene expression, such as small interfering
RNAs or micro RNAs, One type of antisense sequence that may be employed by the
present invention is the type that are speeific for CXCRT mRNA.

The term "est cornpound” or "candidate compound” refers to any chemical entity,
pharmaceutical, drug, and the like, that can be used 1o treat or prevent a disease, illness,
sickness, or disorder of bodily function, or otherwise alter the physiological or cellular
status of a sample, Test compounds comprise both known and potential therapeutic
compounds. A test compound can be determpined fo be therapeutic by using the screening
methods of the present invention. A "known therapeutic compound” refers to a
therapeutic compound that has been shown {e.g., through animal trials or prior experience
with administration to bumans) to be effective in such treatment or prevention, In
preferred embodiments, Mest compounds” ate anticancer agents. I patticularly preferred
embodiments, "test compounds” are anticancer agents that induce apopiosis io cells.

As used herein, the term “antigen binding protein” refers to proteins which bind o
a specific antigen. "Antigen binding proteins” inchude, but are not limited to,
immunoglobuling, including polyelonal, monoclonal, chimeric, single chain, and
humanized antibodies, Fab fragments, F(ab')2 fragments, and Fab expression hbraries.

Various procedures known in the art are used for the production of polyclonal antibodies.
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For the production of antibodies, varions host avimals can be tmmunized by jnjection
with the peptide corresponding to the desired epitope including, but not limited to,
rabbits, mice, rats, sheep, goats, efc. In a preferred embodiment, the peptide is
conjugated 1o an trnmnogenic carmer (e.g., diphtheria toxoid, bovine serum albumin
{(BSA), or keyhole impet hemocyanin (KLH)). Various adjuvants arc used to increase
the immuumologieal response, depending on the host species, incloding, but not Hated o,
Freond's (complete and incomplete), mineral gels such as aluminom hydroxide, surface
active substances such as fysolecithin, pluronie polyols, polyanions, peptides, ot
emulsions, kevhole limpet hemocyaning, dinitrophenol, and potentially nseful human
adjuvants such as BCG (Baeille Calmette-Guerin) and Corynebacterinm parvinL

For preparation of monocional antibodies, any technique that provides for the
production of antibody molecules by continuous cell lines in culture may be used (See
e.g., Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, WY, These include, but are pot limited to, the
hybridoma technigue originally developed by Kohler and Milstein (K&hier and Milstein,
Nature, 256:495-497 {1573)), as well as the frioma technigue, the human B-cell
hybridoma technique (See e.g., Kozbor ef al., Immunol. Today, 4:72 (1983)), and the
EBV-hybridoma technigoe to produce human monoclonal antibodies (Cole ez al., in
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96 {19853}

According to the invention, techniques deseribed for the production of single
chain antibodies (U.S. 4,946,778, herein ncorporated by reference) can be adapied (o
produce speeific single chain antibodies as desired. An additional embodiment of the
mvention utilizes the technigees known jo the art for the construction of Fab expression
libraries (Hose er ¢, Scieoce, 246:1275-1281 (1989}) 1o allow rapid and sasy
identification of monocional Fab fragments with the desired specificity,

Antibody fragments that contain the idiotype (antigen binding region) of the
antibody molecule can be generated by known techmgoes. For example, such fragrments
mchude, but are not Hmited to; the F(abM2 fragment that can be produced by pepsin
digestion of an antibody molecule; the Fab' fragments that can be generated by reducing
the disulfide bridges of an F(ab")2 fragment, and the Fab fragments that can be generated

by treating an antibody molecule with papain and 2 reducing agent.
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Genes encoding antigen-binding protens can be isolated by metbods known in
the art. {n the production of antibodies, screening for the desived antibody can be
accomplished by technigues known in the art (e g., radicimumnoeassay, ELISA {enzyme-
linked unmumosorbant assay), "sandwich” immunoassays, immunoradiometiic assays, gel
diffusion precipitin reactions, immunoditiusion assays, in sify bnmunoassays (using
coltoidal gold, enzyme or radioisctope labels, for example), Western Blots, precipitation
reactions, agplutination assays (e.g., gel agglutination assays, hernaggiutination assays,
ere}, complement fixation assays, immunofiuorescence assays, protein A assays, and
imnumoeelectrophoresis assays, efc.) efe.

As used herein, the term "modulate” refers to the activity of a compound to affect
{e.g., to promote or retard} an aspect of the cellnlar fonction including, but not limited to,

cell growth, proliferation, invasion, angiogenesis, apoptosis, and the like.

DETAHED DESCRIPTION OF THE INVENTION

The present invention provides methods of treating cancer by administering an
IL8-CXCR] pathway inhibitor {e.g., an anti-CXCR1 antibody or Repertaxing alone or in
combination with an additional chemotherapeutic agent such that non-tumorigenic and
tumorigenic cancer cells in a subject are killed. The present invention also provides
compositions and methods for treating and diagnosing the presence of solid tumor stem

cells in a paticnt {(2.g., based on the presence of CXCR1I or FBXO21).

L. Tumorigenic Cancer Cells, ALDH, CXCRI, and CXCRI1 Inhibition

The evolution of a normal cell into a fully fransformed one requires the
deregulation of multiple celiular processes (1, 2). According to classical models of
carcinogenesis, these events can occur in any cell, In contrast, the “cancer siem cell
hypothesis”™ holds thai the preferential mrgets of oncogenic transformation are fissue
stem or early progenitor cells that have acquired self-renewal potential (3-6), These
“tamor-initiating cells” or “cancer stem celis” (CRC), in turn, are characterized by their
ability to undergo self-renewal, a process that drives tumorigenesis and differentiation

which contributes to tumor cellular heterogeneity. Recent evidence sgpporting the
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cancer stem cell hypothesis bas been generaied wtilizing xenografts of primary buman
tumors. These studies have snggested that tumors are composed of a cellnlar hierarchy
driven by the cancer stem cell component. In addition, recent data suggest that
immortalized cell lines derived from both murine and human tissues may also contain a
celiular population displaying stem eell propertics. Most of these studies have been
based on in vitro properties including clouogenic potential, sphere formation and muiti-
lineage differentiation potential (7-10%. More limited studies vtilizing functional
trangplantation of immortalized cell Hoes in xenografts bave also suggested the
existence of such a hierarchy. These studies have generally utilized Hocochst dye
exclusion to identify the so-calied “side population™ (SPy (7, 9, 11). In addition, cell
surface markers defined using primary tumor xenografis such as CD44 and CDI33
have also been utilized to identify similar populations in established celf lines (7, 8).
As described in the Examples below, the expression of the stem cell marker
Aldehyde dehydrogenase (ALDH) was studied in a series of 33 cell lines derived from
human breast cancers and non-transformed breast cells, ALDH is a detoxifving
enzyme responsible for the oxidation of intracellular aldehydes and is thought 1o play a
role m stem cell differentiation through metabolism of retinal to retinoic acid (12, 13).
ALDH activity as assessed by the fluorescent ALDEFLUOR assay has been
suceessiully utilized to isolate cancer stem cells in muhiple miyeloma and acute
myeloid leukemia {AML) as well as from brain tumors ((4-16). It was recently
demonstrated that ALDH activity can be utilized to isolate a subpopulation of cells that
display stem cell properties from nonmal buman breast tissuc and breast carcinomas
{17;. The ALDEFLUOR-positive population isolated from reduction mammoplasty
tissue 1¢ able to reconstitute ductal alveolar structures in mammary fat pads of
hwpanized NOD/SCID mice. Furthermore, ALDELFUCGR-positive cells 1solated from
human mammary carcinomas have stem cell properties as demonstrated by their ability
to reconstitute fumors on serial passage in NOD/SCID mice as well as to generate the
phenotypic heterogeneity of the mitial tumors (17). In the Examples below, it is
demonstrated that the majority of breast cancer cell lines contain an ALDEFLUOR-
positive population with a distinct molecular profile that displays cancer stem eell

properties,
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As deseribed w the Examples below, work conducted during the development
of embodiments of the present invention identified CXCR1 (which is a receptor for the
inflarmatory chemokine ILB) as a cancer stem cell marker. Only cells within the
Aldefluor-posstive population expressed CXCRI1. Furthermore, it was demonstrated
that this receptor plays a functional role in that recombinant 118 is able to increase the
stem cell proportion in cell lines as determined by Aldefluor and sphere formation

assays. Although 118 has been reported to be associated with aggressive breast cancers
and is E;ig, er in the serom women with metastatic disease, it is believe that the present
invention is the first to show a functional link between 118 and its receptor CXCR1 in
stem cells.

As further described in the Examples below, it was demonstrated that one can
selectively target cancer stem cells by blocking the CXCR1 receptor in these cells. n
one approach described in the Examples, breast cancer cells lines were treated with
manoclonal antibodies to CXCR1, but not to the other IL8 receptor CXCRZ. Such
treatment selectively targeted cancer stem cells as demonstrated by reduced Aldefluor-
positive populations. Remarkably, it found that although CXCRY is only expressed ina
very small percentage of cells {e.g., less than 19%), that blockade of the CXCR]
receptor induced cell death in the majority of other cancer cells despite the fact that
they lack the CXCR1 receptor. The molecular pathway which mediates the effects of
IL on cancer stem cells and accounts for this so-called "bystander effect” of killing
other ceils bas been elucidated. TLE stimulates slem cell self~rencwal by binding to
CXCRE, which in tarn activaies the focal adhesion kinase Fak patbway. This resulis in
activation of Akt which drives stemn cell self-renewal, When this pathway is blocked in
cancer stem cells, the decrease in Akt signaling canses cytoplasmic sequoestration of the
Foxo transcription factors resulting in an increased synthesis of Fag ligand. Fas higand
18 secreted from cancer stem cells and mduces cell death in surrounding cells which
contain the Fas recepior,

While the present jmvention is not limited to any particular mechanism, and an
understanding of the mechanism is not necessary to practice the present invention, it is
beheved that CXCRI mediates cancer stem cell selfirencwal through a pathway

involving Fak and Akt and that blockade of this pathway induces cell death in cancer
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stem cells as well as surrounding tumor cells. As such, in certain embodiments, the

present invention provides compositions and methods for disrupting the 1L8-CXCR1
pathway {e.g., with anti-CXCR1 antibodies, anti-FAK antibodies, or other agents) in
order to ireat cancer.

Since 118 is a chemokine involved in tissue inflapunation, there has been
previous interest in developing inhibitors of [L8 signaling. A small molecule inhibitor,
Repartaxin, has been developed as an anti-inflammatory agent © potentially reduce
complications of myocardial infarction and stroke. Repartaxin has been introduced into
phase I and phase 11 clinical trials and has shown little toxicity, As shown in the
Examples below, Repartaxin (like anti-CXCR1 antibodies) 1s able to target cancer stem
cells as well as to induce a Fas ligand fas mediated apoptosis by bystander effect in
surrounding cells. Importantly, m tumor xenografis, Repartaxin potentiates the effect
of chemotherapy. Furthermore, unlike chemotherapy, which preferentially destroys the
differentiated cells in tumors sparing the tumor stem cells, Repartaxin is able to target
tumor stem cetls. As shown in the examples, this was demonstrated by a decrease in
the Aldefluor population in Repartaxin freated tumors and by the decrease in ability of
these treated tumor cells to form secondary twmors in mice. Also tested was the effects
of Repartaxin on the ability to block metastasis. Tumor cells were labeled with
luciferase and injected intracardiac in an experimental metastasis model. One day after
the tumor cells were introduced, one group of animals was placed on repartaxin alone
and the other no treatorent, Repartaxin significanily reduced the development of
mefastasis,

The present mvention wentified the ILR recepror CXCRI as a target in treating
canger stem cells. The small molecule inhibitor Repartaxin inhibits both CXCRY and
CXCR2. The Examples demonsivated that it is CXCRT that is the most important
receptor i cancer stem cells, Furthermore, the Examples indicate that the failore of
cytotoxic chemotherapy to affectively treat established cancers may be not only due 0
the mability of this therapy to target cancer stem cells, but in addition to the
docmented increase of ILE secrefion upon tumor cytotoxic chemotherapy treatment.

The present Examples indicate that the use of CXCRI inhibitors have beneficial effects
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in being able to specifically target cancer stem cells as well as to block the TLE
stimulation of these cells jnduced by eytotoxic chemotherapy.

Targeting the [LE-CXCRI pathway is not Limited to breast cancer, but instead,
can be employved in any type of cancer. Preferably, the type of cancer treated is one
where there is evidence of increased IL8 production {c.g., in conjunction with
chemotherapy). Chemotherapy agents have been shown to directly regulate [L8
transcription in cancer cells. Paclitanel increases 118 transcription and secretion in
ovarian, breast and long cancer cell lines (Uslu et al,, 2005, Int. §. Gynecol. Cancer,
15:240-245; and Colling et al., 2000, Can. Imm. Immuno., 49:78-84, both of which are
herein incorporated by reference). Also, administration of adriamycin and 5-fluoro-2’-
deoxvuridine to breast cancer cells (Delarco et al., 2001, Can. Res. 61:2857-2861,
herein incorporated by reference), the addition of 5-FU to oral cancer cells (Tamatani ©
al., 2004, Int., J. Can., 108:912:921, herein incorporated by reference), doxorubicin
addition to small cell lung cancer cells (Shibakura et al., 2003, Int. J. Can., 103:380-
3864, herein incorporated by reference) and dacarbazine administration to melanoma
cells (Lev et al,, 2003, Mol., Can. Ther., 2:753-763, herein incorporated by reference}
all result in moreased CXCLS exprossion. As such, in certain embodiments, the present
invention provides agents for targeting the IL-CXCRY, in combination with a
chemotherapy agents {e.g., such as those mentioned in the above references) for
yreating 2 subject with a type of cancoer including, but not limited to, prostate cancer,
gvarian cancer, breast cancer, melanoma, non-small cell lung cancer, small-cell tung
cancer, and esophageal adenocarcinoma.

The present mvention 1 not limtied o the type of cancer treated and nstead
includes, but is vot imited to, fibrosarcoma, myxosarcoma, liposarcoma,
chondrosarcoma, osteogenic sarcoma, chordoma, angicsarcoma, endotheliosarcoma,
Iyrophangiosarcoma, lymphangioendotheliosarcoma, synovioma, mesothelioma,
Ewing's tumeor, letomyosarcora, thabdomyosarcorna, colon carcinoma, pancreatic
cancer, breast cancer, ovarian canecer, prosiate cancer, sguamous cell carcinoma, basal
cell carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceons eland carcinoma,
papiflary carcinoma, papillary adenocarcinomas, cystadenocarcinoma, meduallary

carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct
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carcinoma, chortocarcinoma, seminoma, embryonal carcinoma, Wilns' tumor, cervical
cancer, testicular tumor, lung carcinoma, small cell lang carcinoma, bladder carcinoma,
epithelial carcinoma, glioma, astrocytoma, medulloblastoma, cranfopharyngioma,
ependymoma, pinealoma, hemangioblastoma, acoustic neuroma, oligodendroghioma,

meningioma, welanoma, neuroblastoma, and retinoblastoma.

1L Bretection of Solid Tumeor Stem Cell Cancer Markors
In some embodiments, the present invention provides methods for detection of

e.g., CXCRI, FBXO21, NFY A, NOTCH2,

-

expression of stem cell cancer markers {e
RADSILL, TBP, and other proteins from Table 1), In some embodiments, expression is
measured directly {e.g., at the RNA or protein Ievef}. In some embodiments, expression
is detected in tissue samples (e.g., biopsy tissue). In other embodiments, expression is
detected in bodily fluids {(¢.g.. including but not limited to, plasma, serum, whole blood,
mcus, and urine).

The present invention further provides panels and kits for the detection of
markers. In some embodiments, the presence of a stem cell cancer marker is used 1o
provide a prognosis to a subject. The mmformation provided is also used to direct the
course of treatment. For example, if a subject is found to have a marker indicative of a
solid tumor stem cell {e.g., CXCRE, FBXO21, NFYA, NOTCH2Z, RADSILL, TBP, and

other proteins from Table 1), additional therapies (¢.g., radiation therapies) can be started
at an earliet point when they are more likely to be effective {e.g., before metasiasis),
addition, if a subject is foond to have a tumor that is not responsive 10 certain therapy, the
expense and inconvenience of such therapics can be avouded

Tn some embodiments, the present invention provides a panel for the analysis of a
plurality of markers (e.g., the combination of CXCRT or FBXOZ1 and at least one of
Ch44, CD24, and ESA). The pauvel allows for the simulfaneocns analysis of multiple
markers correlating with carcinogenesis and/or metastasis. Depending on the subject,
panels can be analyzed alone or in combination in order to provide the best possible

iagnosis and prognosis. Markers for inclusion on a panel are selected by sereening for
their predictive value using any suitable method, including but not limited to, those

described in the illustrative examples below.,
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i Detection of RNA

In some embodiments, detection of sohd tumor stem cell cancer markers are
detected by measuring the expression of corresponding mRNA in a fissue sample.
mRNA expression can be measured by any suitable method, inchiding but not lirted to,
those disclosed below. The accession number for buman CXCRI nucleic acid is
NM 000634 (herein incorporated by reference) and the accession munber for human
FBXO21 is NM_033624 (herein incorporated by reference). These sequences can be
used to design primers and probes (as well as siRNA sequences).

In some embodiments, RNA is detected by Northern blot analysis, Northern blot
analysis involves the separation of RNA and hybridization of & complementary labeled
probe.

in still further embodiments, RNA {(or corresponding cEXNAY is detected by
hybridization to an oligonncieotide probe). A variety of hybridization assays using a
variety of technologies for hybridization and detection are available. For example, in
some embodiments, TagMan assay (PE Biosystems, Foster City, CA; See e.g., U.S.
Patent Nos, 5,962,233 and 5,538,848, cach of which 1s hercin incorporated by reference)

-

is utilized. The assay is performed during 8 PCR reaction. The TagMan assay exploits
the 5'-3' exonuclease activity of the AMPLITAQ GOLD DNA polymerase. A probe
consisting of an oligonucleotide with a 3-reporter dye (¢.g., a flnorescent dye) and a 3'-
guencher dye is included m the PCR reaction. Dwring PCR, if the probe is bound to tis
target, the 5-3" nucleolytic activity of the AMPLITAQ GOLD polymerase cleaves the
probe between the veporter and the guencher dye. The separation of the reporter dyve
from the quencher dye results in an increase of floorescence, The signal acoumulates
with each cvele of PCR and can be monitored with a {luorimeter,

Tu yet other embodiments, reverse-iranscriptase PCR (RT-PCR) 18 used to detect
the expression of RNA. In RT-PCR, RNA is enzymatically converied fo complementary
DA or "eDNA" using a reverse transcriptase enzyme., The ¢DNA s thenused as a
template for a PCR reaction. PCR products can be detected by any snitable method,

inchuding but not limited 1o, gel electrophoresis and staming with a DNA specific stain or

hybridization to a labeled probe. In some embodiments, the quantitative reverse
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transeriptase PCR with standardized mixtores of competitive templates method described
in LS. Patents 5,638,606, 5,643,765, and 5,876,978 {each of which is herein

incorporated by reference) is utilized.

2. Detection of Projein

In other embodiments, gene expression of stem cell cancer markers is detected by
measuring the expression of the corresponding protein or polypeptide (e.g., CXCR],
FBXO21, NFYA, NOTCHZ, RADSILL, TBP, and other proteins from Table 1), Protein
expression can be detected by any suitable method. In some embodiments, proteins are
detected by immunchistechendstry. In other embodiments, proteing are detecied by their
binding to an antibody raised against the protein. The accession number for human
CXCRI protein is NP_000625 (herein incorporated by reference) and the acoession
numaber for human FBXO21 is NP 206373 (herein incorporated by reference). The

generation of antibodies is described below.

Antibody binding is detected by technigues known in the art (e.g.,
radicimmunocassay, ELISA {enzyme linked immuonogsorbant assay), “sandwich”
Immunoassays, inununoradiometric assays, gel diffusion precipitation reactions,
immunodiffosion assays, in situ immunoassays (e.g., using colloidal gold, enzyme or
radioisotope labels, for example), Western blots, precipifation reactions, aggluiination
assays (e.g., gel agelutination assays, hemaggluiination assays, c¢te.), complement fixation
assays, tnnunofluorescence assays, protein A assays, and immuonoelectrophoresis assays,
efe.

In one embodiment, antibody binding is detected by detecting a label on the
primary antibody. In another erpbodiment, the primary antibody is detected by detecting
binding of a secondary antibody or reagent to the primary antibody. In 4 further
embodiment, the secondary antibody is labeled. Many methods are known in the art for
detecting binding i an immunoassay and are within the scope of the present invention.

in some embodiments, an autormated detection assay is utilized, Methods for the
automation of imanunoassays tnchide those described m 1.8, Patents 5.885,53
4,981,785, 6,159,758, and 5,358,691, each of which is herein incorporated by reference.

In some embodiments, the analysis and presentation of results is also auwtomated. For
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example, o some embodiwents, software that generates a prognosis based on the
presence or absence of a series of proteins comesponding to cancer markers is utilized.
In other embodiments, the immunoassay described in U8, Patents 5,599,677 and

5,672,480; each of which is herein incorporated by reference.

3. cDNA Microarray Technology

cDNA microarrays are composed of multiple (usually thousands) of different
cENAs spotted (usually using a robotic spotting device) onto known locations on a solid
support, such as a glass microscope slide. The ¢DNAs are typically obtained by FCR
amplification of plasmid library inserts using primers complementary to the vector
vackbone portion of the plasmid or to the gene itself for genes where sequence is known.
PCR products suitable for production of microarrays are typically berween 0.5 and 2.5 kB
in tength. Full length cDNAs, expressed sequence tags (ESTs), or randomly chosen
cNAs from any library of interest can be chosen. ESTs are partially sequenced ¢DNAs
as described, for example, in Hillier, et al., 1996, 6:807-828. Although some ESTs
correspond to known genes, frequently very little or no information regarding any
particular EST s available except for a small amount of 3' and/or 5 sequence and,
possibly, the tissue of origin of the mRNA from which the EST was derived. As will be
appreciated by one of ordinary skill in the art, in general the ¢DNAs contain sufficient
sequence information to uniguely identify a gence withun the human genome,
Furthermore, in general the cDNAg are of sufficient length {0 hybridize, sclectivel
specifically or uniguely, to ¢DNA obtained from mRMNA derived from a single gene
under the hybridization conditions of the experiment.

Tu a typical microarray experivoent, a ruicroarray is hybridized with differentially
labeled RNA, DNA, or ¢cDNA populations derived from two different samples, Most
comrouly RNA {cither toial RINA or poly A+ RNA) is isolated from cells or tissues of
interest and is reverse iranseribed to vield eDNA. Labeling is usually performed during
reverse frapseription by incorporating a labeled nucleotide in the reaction mixture.
Although various labels can be used, most commonly the nucleotide is conjugated with
the fluorescent dyes Cy3 or CyS. For example, CyS-dUTP and Cv3-dUTP can be used.

cENA derived from one sample {representing, for example. a particular cell type, tissue
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type or growth condition) is abeled with one fluorophore while ¢DNA derived from a
second sample (representing, for example, a different cell type, tissue type, or growth
condition) is labeled with the second fluorophore. Similar amounts of labeled material
from the two samples are cobybridized to the microarray. In the case of a microarray
experiment i which the samples are fabeled with Cv3 (which fluoresces red) and Cy3
(which fluoresces green), the primary data (obtained by scanning the microamray using 8
detector capable of guantitatively detecting fluorescence intensity) are ratios of
fluorescence intensity (red/green, R/G). These ratios represent the relative concentralions
of cDNA molecules that hybridized to the cDNAS represented on the microarray and thus
reflect the relative expression levels of the mRNA corresponding to cach cDNA/gene
represented on the microarray.

Bach microarray experiment can provide tens of thousands of data points, each
representing the relative expression of a particular gene in the two samples. Appropriate
prganization and analysis of the data is of key importance, and various computer
programs that incorporate standard statistical tools have been developed to facilitate data
analysis. One basis for organizing gene expression data is to group genes with similar
expression patterns together into clusters. A method for performing hicrarchical claster
analysis and display of data derived from microarray experiments is described in Eisen ¢t
al., 1998, PNAS 95:14863-14868. As described therein, clustering can be conmbined with
a graphical representation of the primary data in which cach data point is represented
with # color that guantitatively and gualitatively represents that data point. By converting
the data from a large 1able of numbers into a visual format, this process facilitates an
intuitive analysis of the data. Additional information and details regarding the

mathematical tools and/or the clostering approach itself can be found, for example, in

Franciseo, [ 963; Hartigan, Clustering algorithms, gii, 351, Wiley, New York, 1975; Pasll
et al., 1989, J. Natl. Cancer Ingt, 81:1088-92; Weinsteip et al, 1992, Scienge 258:447-51;
van Osdol et al, 1994, 1. Natl, Cancer Inst. 86:1853-9; and Wemstein ¢t al., 1997,
Reience, 275:343-9,

Further details of the experimental methods used in the present invention are

found in the Example below. Additional information desoribing methods for fabricating
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and using microarrays is found o U.S. Pat. No. 5,807,522, which is herein meorporated
by reference. Tnstructions for constructing microarray hardware {e.g., arravers and
scanners) using commercially available parts. Additional discussions of microarray
technology and protocols for preparing samples and performing microrasray experiments
arc found in, for example, DNA arrays for analysis of gene expression, Methods
Enzymol, 303:179-205, 1999; Fluorescence-based expression monitoring using
microarrays, Methods Enzymol, 306: 3-18, 1999; and M. Schens (ed.), DNA

Microarrays: A Practical Approach, Oxford University Press, Oxford, UK, 1999,

4. Data Analysis

in some embodiments, a computer-based analysis program is used to translate th
raw data generated by the detection assay {e.g., the presence, absence, or amount of a
given marker or markers) into data of predictive value for a clinician. The clinician can
access the predictive data using any suitable means. Thus, in some embodiments, the
present invention provides the further benefit that the clinician, who is not hikely to be
trained in genetics or molecular biology, need not understand the raw data. The data is
presented directly to the clinician in its most useful form. The clinician is then able to
wmmediately wtilize the information in order to optinuze the care of the subject.

The present invention contemplates any method capable of receiving, processing,
and transmitting the information to and from laboratorics conducting the assays,
information provides, medical personal, and subjects. For example, in some
emibodiments of the present invention, a sample (¢.g., a biopsy or a serum or urine
sarople) 15 obtatned from a subject and submitted to a profiling service {e.g., clinical lab
at a medical facility, genomic profiling business, efc.), located in any pant of the world
{e.g., m a country different than the couniry where the subject resides or where the
mformation s vltimately used) fo generate raw data. Where the sample comprises a
fissue or other biological sample, the subject can visit a medical center to have the sample
obtained and sent to the profiling center, or sebjects can collect the sample themselves

and directly send it ©o a profiling center. Where the sample comprises previously
determined biological information, the information can be directly sent to the profiling

o

service by the subject (e.g., an fnformation card containing the information can be
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scanned by a computer and the data transmitted to a computer of the profiting center
using an electronic communication systemn). Onee recetved by the profiling service, the
sample is processed and a profile is produced (e.g., expression data), specific for the
diagnostic or prognostic mformation desired for the subiect.

The profile data is then propared in a format suitable for interpretation by a
rreating clinician. For example, rather than providing raw expression data {e.g.
examining a mumber of the markers), the prepared format can represent a diagnosis or
risk assessment for the subject, along with recommendations for particular treatment
options. The data can be displayed to the clinician by any suitable method. For exambple,
in some embodiments, the profiling service gencrates a report that can be printed for the
clinician {c.g., at the point of care) or displayed to the clinician on a computer monitor.

In some embodiments, the information is first analyzed at the point of care or at a
regional facility. The raw data is then sent to a central processing facility for further
analysis and/or to convert the raw data to information usefid for s clinician or patient.
The central processing facility provides the advantage of privacy (all data is stored in a
central facility with uniform security proiocols), speed, and uniformity of data analysis.
The central processing facility can then control the fate of the data following treatment of
the subject, For example, using an electronic communication system, the central facility
can provide data to the clinician, the subject, or researchers,

In some embodiments, the subject is able to directly access the data nsing the
electronic communication sysiem. The subject can chose forther imtervention or
connscling based on the resnlts. In some embodiments, the data is used for research use,
For example, the data can be used to further optimize the welusion or elinination of

&

markers as useful indicators of a particular condition or stage of discase,

5. Kirs

In yet other embodiroents, the present invention provides Kifs for the detection
and characterization of cancer {e.g. for detecting oue or more of the markers, or for
modulating the activity of a peptide expressed by one or more of markers). In some
embodiments, the kits contain antibodies specific for a cancer marker, in addition to

detection reagents and buffers. In other emboduments, the kits contain reagents specific
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for the detection of mRNA or ¢DBNA {e.g., oligonuclestide probes or primers). In some
embodiments, the kits coutain all of the components necessary and/or sufficient to
perform a detection assay, including all controls, directions for performing assays, and
any necessary software for analysis and presentation of resulis.

Another embodiment of the present invention comprises a kit (o test for the
presence of the pelynucieotides or proteins. The kit can comprise, for example, an
antibody for detection of a polypeptide or a probe for detection of a polymucleotide, In
addition, the kit can comprise a reference or control sample; Instructions for procegsing
samples, performing the test and interpreting the results; and buffers and other reagents
necessary for performing the test. In other embodiments the kit comprises pairs of
primers for detecting expression of one or more of the genes of the solid tumor stem cell
gene signature. 1n other embodiments the kit comprises a cDNA or oligonucleotide array
for detecting expression of one or more of the genes of the solid twmor stem cell gene

signature.

6. In vivo Imaging

In some embodiments, in vivo imaging techniques are used to visualize the
expression of cancer markers 1o an animal (e.g., a human or non-human mammal}, For
example, in some cmbodiments, cancer marker mENA {(e.g., CXCRY or FBXO2L
mRNAJ or protein {e.g., CXCRI or FBXO2! protein) iy labeled using & labeled antibody
specific for the cancer matker. A specifically bound and labeled antibody can be
detected in an mdividual using an in vivo imaging method, mcluding, but not timited {o,
radionuclide imaging, positron emission wipography, computerized axial tomography, X-
ray of magnetic resonance imaging method, fluorescence detection, and
chemiluminescent detection. Methods for geverating antibodies to the cancer markers of
the present invention are described below.,

The in vive imaging methods of the present invention are useful tn the diagnosis
of cancers that express the solid tumor stem cell cancer markers of the present invention.
In vive imaging is used to visualize the presence of a marker indicative of the cancer.
Such technigues allow for diagnosis without the use of an unpleasant biopsy. The m vivo

imaging methods of the present jovention are also useful for providing prognoses to
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cancer patients. For example, the presence of a marker indicative of cancer stem cells
can be detected. The in vivo imaging methods of the present invention can further be
used to detect metasiatic cancers in other parts of the body.

In some embodiments, reagents {e.g., antibodies) specific for CXURT or FBX(O21
are fluorescently labeled. The labeled antibodies are introduced into a subject (e.g.,
orally or parenterally). Fluorescently labeled antibodies are detected using any suitable
method (e.g., using the apparatus described im ULS. Patent 6,198,107, herein incorporated
by reference).

in other embodiments, antibodies are radicactively labeled. The use of antibodies
for in vive diagnosis is well known in the art. Sumerdon et al., (Nucl. Med. Biol 17:247-
254 [1990] have described an optimized antibody-chelator for the
radicimnumnoscintographic imaging of tumors vsing Indium-111 as the label. Griffin et
al., {§ Clin Onc 9:631-640 {1991]) have described the use of this agent in detecting
wmors in patients suspected of having panereatic cancer. The use of similar agents with
paramagnetic ions as labels for magnetic resonance imaging is known in the art (Lauffer,
Magnetic Resonance in Medicine 22:339-342 [1991]). The label used will depend on the
imaging modality chosen. Radioactive labels such as Indium-111, Technetiom-99m, or
Todine-131 can be used for planar scans or single photon enussion computed tomography
{SPECT). Posiron enutiing labels such as Fluorine-19 can also be used for posiiron
enission tomography (PET). For MR, paramagnetic ions such as Gadolinium (11J) or
Manganese (3} can be used.

Radioactive metals with half-lives ranging from | hour to 3.5 days arc available
for conjugation to antibodies, such as scandivm-~47 (3.5 days) gallium-67 (2.8 days).
galliom-68 (68 minutes), technetiiom-%9m (6 hours), and indium-111 (3.2 days}, of
which gallium-67, technetiom-99m, and indivm-~11] are preferable for ganuna camera
maging, galliom-68 1s preferable for positron ermssion tomography.

A usefol method of labeling antibodies with such radiometals is by means of a
bifunctional chelating agent, such as dicthylenetriaminepentaacetic acid (DTPA), as
described, for example, by Khaw et al. {Science 209:295 [1980)) for lu-111 and Tc-99m,
and by Scheinberg et al. (Science 215:1511 [1982]). Other chelating agents can also be

used, but the 1-{p-carboxymethoxvbenzyDEDTA and the carboxycarbonic anhydride of

(U]
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DTPA are advantageous because thetr use pernuts conjugasion withoot affecting the
antibody's immunoreactivity substantially.

Another method for coupling PPTA fo proteins is by use of the cyclic anhydride
of 'TPA, as described by Huatowich et al. (Int. J. Appl. Radiat, Isot. 33:327 [1982}} for
labeling of albumin with In-111, but which can be adapted for labeling of antibodies. A
suiteble method of labeling antibodics with Te-9%m which does not use chelation with
DPTA is the pretinning method of Crockford et al, (1.8, Pat. No. 4,323,546, herein
incorporated by reference).

A method of labeling immunoglobulins with Tc-99m is that described by Wong ¢
al. {Int. J. Appl. Radiat. Isot., 2%:251 {19787} for plasma protein, and recently applied
successtully by Wong et al. (J. Nucl Med., 23:229 {1981 1) for labeling antibodies.

In the case of the radiometals conjugated to the specific antibody, it is likewise
desirable to introduce as high a proportion of the radiciabel as possible into the antibody
molecuie without destroying its immunospeeificity. A further improvement can be
achieved by effecting radiolabeling in the presence of the specific stem cell cancer
marker of the present mvention, to insure that the antigen binding site on the antibody
will be protecied.

In stilt further embodiments, in vivo biophotonic mmaging (Xenogen, Almeda,
CA) is ntilized for in vivo imaging. This real-time in vivo imaging utilizes luciferase.
The tuciferase pene is incorporated into colls, microorganisms, and antmals (e.g., 85 a
fusion protein with a cancer marker of the present invention). When active, if leads to a
reaction that emits light. A CCD camera and software is used to capture the image and

analyze it.

i, Antibodies and Antibody Fragments

The present mvention provides isolated antibodies and antibody fragments agamst
CXCRI, FBXOZL, NFYA, NOTCH2, RADSIILE, TBP, and other proteins from Table |,
The antibody, or antibody fragment, can be any monoclonal or polyclonal antibody that
specifically recognizes these proteins. In some emboduvents, the present invention
provides monocional antibodies, or fragments thereof, that specifically bind to CXCRI,

FBXO21, NFYA, NOTCHZ, RADSILL, TBP, and other proteins from Table 1. Insome
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embodiments, the monoclonal antibodies, or fragments thereof, are chimeric or
humanized antibodies that specifically bind to these proteins. In other embodiments, the
monoclonal antibodies, or fragments thereof, are human antibodies that specifically bind
to these proteins.

The antibodies against CXCR1, FBXO21, NFY A, NOTCH2, RADSILY, TBP,
and other protems from Table 1 find use in the experimental, diagnostic and therapeutic
methods desceribed herein. In certain embodiments, the antibodies of the present
invention are used to detect the expression of a cancer stern cell marker protein in
biological samples such as, for example, a patient tissue biopsy, pleural effusion, or blood
sample. Tissue biopsics can be sectioned and protein detected using, for example,
imnmmothiorescence or immunchistochemistry. Alternatively, individual celis from a
sample are isolated, and protein expression detected on fixed or live cells by FACS
analysis. Furthermore, the antibodies can be used on protein arrays to deiect cxpression
of a cancer stem cell marker, for example, on tumor cells, in cell lysates, or in other
profein samples, In other embodiments, the antibodies of the present invention are used
tor inhibit the growth of tumor cells by contacting the antibodies with umor cells either in
vitro cell bascd assays or in vivo animal models. In still other embodiments, the
antibodics are used to treaf cancer in a human patient by administering a thergpeutically
effective amount of an antibody against a cancer stem cell marker (e.g., from Table 1.

Polyclonal antibodics can be prepared by any known method, Polyclonal
antibodics can be raised by immunizing an animal {¢.g. a rabbii, rat, mouse, donkey, ef¢)
hy multiple subcutancous or ntraperitoncal injections of the relevant antigen {a purified
peptide fragment, full-length recombinant protein, fusion prowen, eic) optionally
conjugated to kevhole limpet bemocyanin (KLH), serom atbumin, ete, diloted in sterile
saline and combined with an adjuvant {e.g. Complete or Incomplete Freund's Adjuvant}
o form a stable emalsion. The polyclonal antibody s then recovered from blood, asciies
apd the like, of an animal so immuonized. Collected blood is clotted, and the serum
decanted, clarified by centrifugation, and assayed for antibody titer. The polyvcional
antibodies can be purified from serum oy aseites according to standard methods in the art
including atfinity chromatography, ion-exchange chromatography, gel electrophoresis,

dialysis, etc.
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Monocioual amibodies can be prepared using hybridoma methods, such as those
described by Kohler and Milstein (1975} Nature 256:495. Using the hybridoma method,
a mouse, hamster, or other appropriate host animal, s immunized as described above o
elicit the production by lymphoeytes of antibodies that will specifically bind 1o an
mmunizing antigen. Alternatively, ivmpboceytes can be immumized in vitro. Following
immuonization, the lymphocytes are isolated and fused with a suitable myeloma cell hine
vsing, for example, polyethylene glyeol, to form hybridoma cells that can then be
selected away from unfused lymphocytes and myeloma cells. Hybridomas that produce
monoclonal antibodies directed specifically against a chosen antigen as determined by
imumunoprecipitation. immunoblotting, or by an in vitro binding assay such as
radicimmunoassay (RIA) or enzyme-linked immunosorbent assay (ELISA) can then be
propagated either in vitro culture using standard methods (Goding, Monoclonal
Antibodies: Principles and Practice, Academic Press, 1986) or in vivo as ascites tumors
in an animal. The monoclonal antibodies can then be purified from the culure medinm
or ascites fhuid as described for polyclonal antibodics above.

Alternatively monoclonal antibodies can also be made using recombinant DNA
methods as deseribed in US. Patent 4,816,567, The polynucleotides encoding a
menoclonal antibody are isolated, such as from mature B-cells or bybridoma cell, such as
by RT-PCR using eligonucieotide primers that specifically amplify the genes encoding
the heavy and lght chains of the antibody, and their sequence is determined using
conventional procedures. The isolated polynocleotides encoding the heavy and light
chams are then cloned into suitable expression vectors, which when tramsfected nto host
cells such as E. coli cells, simian COS cells, Chinese hamster ovary (CHO) cells, or
myeloma cells that do not otherwise produce immunogiobulin protein, monocional
antibodies are generated by the host cells, Also, recombinant monoclonal antibodies or
fragments thereof of the destred species can be isolated from phage display libravies as
described (MeCafferty et al., 1990, Nature, 348:552-554; Clackson et al., 1991, Nature,
352:624-628; and Marks et al., 1991, . Mol Biol., 222:581-597).

The polynucleotide(s) encoding a monoclonal antibody can further be modified in
a mumiber of different manners using recombinant DNA technology to generate

alternative antibodies. In one embodiment, the constant domains of the Hght and heavy
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chains of, for example, a mouse monoclonal antibody can be substituted |) for those
regions of, for example, a human antibody to generate a chivneric antibody or 2) for a
non-immunoeglobulin polypeptide to generate a fusion antibody. In other embodiments,
the constant regions are truncated or removed to generate the desired antibody fragment
of a monocional antibody. Furthermore, site-divected or high-density mutagenesis of the

variable region can be used to optimize specificity, affinity, ete. of a mwnoclonal

antibody,

In some embodiments, of the present invention the monocional antibody against a
cancer stem cell marker is a humanized antibody. Humanized antibodies are antibodies
that contain minimal sequences from non-human {e.g., murine} antibodies within the
variable regions. Such antibodies arc used therapeutically to reduce antigenicity and
HAMA (human anti-mousc antibody) responses when administered to a human subject.
in practice, humanized antibodics are typically human antibodies with minimum o no
non-human sequences. A human antibody is an antibody produced by a human or an
antibody having an amino acid sequence corresponding to an antibody produced by a
humarn.

Humanized antibodies can be produced using various techniques known in the art,
An antibody can be humandzed by substitating the CDR of a human antibody with that of
a non-homan antibody {e.g. mouse, raf, rabbit, hamster, etc.) having the desired
speeificity, affinity, and capability (Jones et al., 1986, Nature, 321:522-525; Riechmann
et al., 1988, Nature, 332:323-327; Verhoeyen et al., 1988, Science, 239:1534-1536). The
humanized antibody can be further modified by the substitution of additional residue
¢ither in the Fv framework region and/or within the replaced non-hurnan residues (o
refine and oplimnize antibody specificity, affinity, and/or capability.

Huwman antibodies can be divectly prepared using various technigues known in the
art. Immortalized human B lymphocytes immunized in vitro or isolated froman
mnmanized individual that produce an antibody divected against a target antigen can be
generated (See, for example, Cole et al., Monoclonal Antibodies and Cancer Therapy,
Alan R, Liss, p. 77 (1985); Boemer et s, 1991, J. Immauonol., 147 (11:86-95; and U.S.
Patent 5,753,373}, Also, the human antibody can be selected from a phage hbrary, where

that phage library expresses human antibodies (Vaughap et al., 1996, Natare
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Biotechnology, 14:309-314; Sheets et al., 1998, PNAS, 95:6157-6162; Hoogenboom and
Winter, 1991, 1. Mol. Biol., 227:381; Marks et al., 1991, J. Mol. Biok, 222:581).
Humanized antibodies can also be made in transgenic mice containing human
immunoglobulin Joci that are capable upon immonization of producing the full repertoire
of human antibodies in the absence of endogenous immunoglobulin production. This
approach 1s described in U.S. Patents 5,545,807; 5,545,806, 5,569,825, 5,625,126
5,633,425 and 5,661,016,

This nvention also encompasses bispecific antibodies that specifically recognize
cancer stem cell markers. Bispecific antibodies are antibodies that are capable of
specifically recognizing and binding at least two different epitopes.

Bispecific antibodies can be intact antibodies or antibody fragments. Techniques
for making bispecific antibodies are common in the art (Millstein et al., 1983, Nature
305:537-539; Brennan et al., 1985, Science 229:81; Surcsh et al, 1986, Mcthods in
Enzymol. 121:120; Traunecker et al., 1991, EMBG J. 10:3653-3659; Shalaby et al., 1992,
Y Exp. Med. 175:217-225; Kostelny et al.,, 1992, J. Immunol. 148:1547-1553; Gruber et
al., 1994, §. Immunol. 152:5368; and U.S. Patent 5,731,168),

In certain embodiments of the invention, it may be desirable to use an antibody
fragmient, rather than an intact antibody, to increase tumor penctration, for example,
Varrous techniques are known for the production of antibody fragments, Traditionally,
these fragments arc derived via proteolytic digestion of intact antibodies (for example
Morimoto et al., 1993, Journal of Biochemical and Biophysical Methods 24:107-117 and
Brenmamn of al., 1983, Science, 229:81). However, these fragrients are now typically
produced divectly by recombinant bost cells as deseribed above, Thus Fab, Fv, and scFv
antibody fragments can all be expressed in and secreted from E. coli or other bost cells,
thus allowing the production of large amounts of these fragments. Alternatively, such
antibody fragments can be isolated from the antibody phage Hbraries discussed above.,
The antibody fragment can also be tinear antibodies as described 1n U.S, Patent
5,641,870, for example, and can be menospecific or bispecific. Other techniques for the
production of antibody fragments will be apparent to the skilled practitioner

It may fuvther be desirable, especially in the case of antibody fragments, to

modify an antibody in order to inerease its serum half-life. This can be achieved, for
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example, by incorporation of a salvage receptor binding eptiope into the antibody
fragment by mutation of the appropriate region i the antibody fragment or by
incorporating the epitope into a peptide tag that is then fused to the aniibody fragment at
either end or in the middle {e.2., by DNA or peptide synthesis).

The present invention flyther erbraces variants and equivalents which are
substantially homologous to the chimeric, humanized and uman antibodies, or antibody
fragments thereof, set forth herein. These can contain, for example, conservative
substitution mutations, Le. the substitution of one or more amino acids by similar amino
acids. For example, conservative substifution refers o the substitution of an aminoc acid

ith another within the same general class such as, for example, one acidic amino acid
with another acidic amine acid, one basic amino acid with another basic amino acid or
one neuntral amino acid by another neutral amino acid. What is intended by a conservative
annino acid substitution is well known in the art,

The invention also pertains to immunoconjugates comprising an antibody
conjugated to a cytotoxic agent. Cytotoxic agents include chemotherapeutic agents,
growth inhibitory agents, toxins {e.g., an enzymatically active toxin of bacterial, fimgal,
plant, or animal origin, or fragments thereof), radiocactive isotopes (1.e., a radiocongugate),
ete. Chemotherapeutic agents usefinl in the generation of such immunoconjugates
include, for exarnple, methotrexate, adriamicin, doxorubicin, melphalan, mitomycin C,
chlorambueil, daunorabicin or other intercalating agents. Enzvmatically active toxins
and fagroents thereof that can be used inclode diphtheria A chain, nonbinding active
fragments of diphtheria toxin, exotogin A chain, ricin A chain, abrin A chain, modeccin
A chain, alpha-sarcin, Aleurites fordd proteins, dianthin proteins, Phytolaca americana
proteins (PAPL, PAPI, and PAP-S), momordica charantia inhibitor, curcin, crotin,
sapaonaria officinalis inhibitor, gelonin, mitogellin, restrictocin, phenomycin, enomyein,
and the tricothecenes, A variety of radionuclides are available for the production of
radioconjugated antibodies fncloding 21284, 1311 131, 90Y, and 186Re. Conjugates
of the antibody and cytoloxic agent are made using 2 variety of bifunctional protein-
coupling agents such as N-sucecinimidyl-3-(2-pyridyidithiol) propionate (SPDP),
imnothiolane (IT), bifunctional derivatives of irnidoesters (such as dimethy! adipimidate

HCL), active esters (such as disuceinimidyl subsrate), aldehydes (such as
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ghufareldebyde), bis-azido compounds (such as bis{p-azidobenzoyl) hexanediamine), bis-
diazoniurg derivatives {such as bis-{p-diazonimbenzov-ethylenediamine,
ditsocyanates {such as tolyene 2,6-diisocyanate), and bis-active fluorine compounds
(such as 1,5-diflnoro-2 4-dinitrobenzene}. Conjugates of an antibody and one or more
small molecule toxins, such as a calicheamicin, maytansinoids, a tfichothene, and
SC10635, and the destvatives of these toxins that have toxin activity, can alse be used.

In some embodiments the antibody of the invention contains homan Fo regions
that are modified to enhance effector function, for example, antigen-dependent cell-
mediated cyotoxicity (ADCC)Y and/or complement dependent cytotoxicity {CDC). This
can be achieved by introducing one or more aminoe acid substitutions in an Fe region of
the antibody. For example, cysteine residue(s) can be introduced in the Fe region to
allow interchain disulfide bond formation in this region to improve compEememumediated
cell killing and antivody-dependent cellular cytotoxicity (ADCC)Y (Caron et al., 1962, 1,
Exp Med. 176:1191-1195; Shopes, 1992, Immunol. 148:2918-2922). Homodimeric
antivodies with cnhanced anti-tumor activity can also be prepared using
heterobifunctional cross-linkers as described in Wolff et al, 1993, Cancer Research
53:2560-2565. Alternatively, an antivody can be engincered which has dual Fo regions
(Stevenson et al,, 1989, Anti-Cancer Drug Design 3:219-230),

IV,  Drug Screening

In some embodiments, the present mveniion provides drug screening assays {e.g
to screen for anticancer drugs). The screening methods of the present invention utilize
stem cell cancer markers {e.g., CXCRI, FBXO21, NFY A, NOTCHZ, RADSILE, TBP,
and other proteins from Table 1) identified using the methods of the present invention.
For examgle, in some embodiments, the present invention provides methods of screening
for compounds that alter (e.g., increase or decrease} the expression of, or activity of,
CXCOR or FBXOZL In some ervbodimerds, candidate compounds are antisense agents
or 3iRNA agents (e.g., oligonucleotides) divected against cancer markers. In other
embodiments, candidate compounds are antibodies that specifically bind to a stem cell
cancer warker of the present invention. In certain embodiments, libraries of compounds

of small molecules are sereened using the methods described herein,
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in one screenjug method, candidate compounds are evaluated for their ability to
alter stem cell cancer marker expression by contacting a compound with a cell expressing
a stem cell cancer marker and then assaying for the effect of the candidate compounds on
expression. o some embodiments, the effect of candidate compounds on expression of a
cancer marker genc is assayed by detecting the level of cancer marker mRNA expressed
by the cell. mRNA expression can be detected by any suitable method. In other
embodiments, the effect of candidate componnds on expression of cancer marker genes is
assayed by measuring the level of polypeptide encoded by the cancer markers. The level
of polypeptide expressed can be measured using any suitable method, including but not
limited to, those disclosed herein. In some embodiments, other changes in cell biology
{e.g., apoptosis) are detected.

Specifically, the present invention provides screening methods for identifying
modulators, i.e., candidate or test compounds or agents (c.g., proteins, peptides,
peptidomimetics, peptoids, small molecules or other drugs) which bind to, or alter the
signaling or function associated with the cancer markers of the present invention, have an
inhibitory {(or stinwlatory) effect on, for example, stem cell cancer marker cxpression or
cancer markers activity, or have a stimulatory or inhibitory effect on, for example, the
expression or activity of a cancer marker substrate, Compounds thus identified can be
used to modulate the activity of target gene products {e.g., stem cell cancer marker genes,
such as CXCR1 or FBXO2 1} either directly or indirectly in a therapentic protocol, to
claborate the biological funciion of the target gene product, or w identify compounds that
disrupt novmal target gene mteractions. Compounds which inhibit the activity or
expression of cancer markers are useful in the freatment of proliferative disorders, e.g.,
cancer, particolarly metastalic cancer or eliminating or controlling tumor stem cells to
prevent or reduce the risk of cancer,

In one embodiment, the invention provides assays for screening candidate or test
compounds that are substrates of a cancer markers protein or polypeptide or a
biologically active portion thereof. In another embodiment, the invention provides assays
for screening candidate or test compounds that bind to or moduiate the activity of a

cancer marker protein or polypeptide or a biotogically active portion thereof.
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The test compounds of the present mvention can be obtained using any of the
munerous approaches in combinatorial library methods koovwn in the ant, including
biological libvaries; peptoid Hbraries (libraries of molecules having the functionalities of
peptides, but with a novel, pon-peptide backbone, which are resistant to enzymatic
degradation but which nevertheless remain bivactive; see, e.g., Zuckennann et al., §. Med.
Chen. 37: 2678-85 [1994]); spatially addressable paratlel solid phase or solution phase
fibraries; synthetic Iibrary methods requiring deconvohation; the 'one-bead one-
compound’ library method; and synthetic lbrary methods using affinity chromatography
selection. The biological library and peptoid library approaches are preferred for use
with peptide libraries, while the other four approaches are applicable to peptide, non-
peptide oligomer or small molecule libraries of compounds {Lam (19973 Anticancer Drug
Des. 12:145),
for the synthesis of molecular libraries can be found in the
art, for example in: DeWitt et al., Proc. Natl. Acad. Sci. US. AL 96909 [1993]; Erb et
al., Proc. Nad. Acad. Sci. USA 91:11422 [1994]; Zuckermann ¢t al., J. Med. Chem.
372678 [19947; Cho et al., Science 261:1303 [1993]; Carrell et al., Angew. Chem. Int,
Ed. Engl. 33.2059 [1994]; Carcll et al.,, Angew. Chem. Int. Ed. Engl. 33:2061 [1994]; an
Gallop et al., J. Med. Chem. 37:1233 [1994].

Examples of methods

Librarics of compounds can be presented n solution {¢.g., Houghten,
Biotechniques 13:412-421 [19927), or on beads (Lam, Nature 354:82-84 [19917), chips
{Fodor, Natore 364;553-356 [19931), bacteria or spores (1.5, Patent No. 5,223,409,
herein incorporated by reference), plasmids (Cull ot al., Proc. Nad, Acad. Sci. USA
8918631869 [19921]) or on phage (Scolt and Smith, Science 249:386-390 [1990]; Deviin
Science 249:404-406 [1990]; Cwirla et al,, Proc. Natl, Acad. Sci. 87:6378-6382 [19%07];
Felics, I. Mol. Biol. 222:301 {19917}

In one embodiment, ap assay is a cell-based assay m which a cell that expresses a
stern cell cancer marker protein or biologically active portion thereof is contacied with a
est compound, and the ability of the test compound to the modulate cancer marker's
activity is determined. Determining the ability of the test componnd to modulate stem
cell cancer masker activity ean be accomplished by monitoring, for example, changes in

enzymatic activity. The cell, for example, can be of mammalian origin,
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The ability of the test compound to modulate cancer marker binding o &
compound, e.g., a stemt cell cancer marker substrate, can also be evalaated. This can be
accomplished, for example, by coupling the compound, e.g., the substrate, with a
radicisotope or enzymatic label such that binding of the compound, e.g., the substraie, to
a cancer marker can be determined by detecting the labeled compound, e.g., substrate, in
a complex.

Alternatively, the stem cell cancer marker is coupled with a radioisotope or
enzymatic label to monitor the ability of a2 test compound to modulate cancer marker
binding {0 & cancer markers substrate in a complex. For example, compounds {¢.g.,
substrates) can be labeled with 1258, 358 14C or 3H, either directly or indirectly, and the
radioisotope detected by direct counting of radioemmission or by scintillation counting,
Alternatively, compounds can be enzymatically labeled with, for example, horseradish
peroxidase, alkaline phosphatase, or luciferase, and the enzymatic label detected by
determination of conversion of an appropriate substrate to product.

The ability of a compound {e.g., a stem cell cancer marker substrate) to interact
with a stem cell cancer marker with or without the labeling of any of the interactants can
be evalnated. For example, a microphysiometer can be used to detect the interaction of a
compound with a cancer marker without the labeling of etther the compound or the
cancer marker (McConnell et al. Science 257:1906-1912 [19921). As used herein, 4
"microphysionicter” (¢.g., Cytosensor) 18 an analytical mstrument that measures the rate
at which a cell acidifies its environment using a light-addressable potentiometric sensor
(LAPSY, Changes in this acidification rate can be used 25 an indicator of the interaction
between a compound and cancer markers.

fn yet another embodiment, a cell-free assay is provided in which a cancer marke
protein or biologically active portion thereof is contacted with a test compound and the
ability of the test compound to bind to the stem cell cancer marker protein or biologically
active portion thereof 1s evaluated, Biclogically active portions of the cancer markers
proteins to be used in assays of the present invention include fragments that participate in
interactions with substrates or other proteins, e.g., fragments with high surface

probability scores.
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-free assays wvolve preparing a reaction mixture of the {arget gene protein
and the test compound under conditions and for a time safficient to allow the two
components to interact and bind, thus forming a complex that can be removed and/or
detected.

The interaction between two molccules can also be detected, e.g., using
fluorescence energy transfer (FRET) (see, for example, Lakowicz et al., U.S. Patent No.

631,169 Stavrianopoulos et al., U.S. Patent No. 4,968,103, each of which is herein
incorporated by reference). A fluorophore label is selected such that & first donor
molecule's emitied fluorescent energy will be absorbed by a fluorescent fabel on a
second, 'acceptor’ molecule, which in turn is able to fluoresce due to the absorbed energy.

Alternately, the 'donor’ protein molecule can simply utilize the natural fluorescent
enerey of tryptophan residues. Labels are chosen that emit different wavelengths of light,
such that the ‘acceptor’ molecule label can be differentiated from that of the “donor’. Since
the efficiency of energy transfer between the labels 18 related to the distance separating
the molecules, the spatial relationship between the molecules can be assessed. In
situnation in which binding occurs between the molecules, the fluorescent emission of the

acceptor’ molecule label in {5 the assay should be maximal. An FRET binding event
can be conveniently measured through standard fluorometric detection means well known
i the art {c.g., using a fluonimeter).

In another embodiment, determining the ability of the stem cell cancer markers
protem to bind 1o a target molecule can be accomplished using real-time Biomolecular
Interaction Analysis (BIA) (sce, c.g., Sjolander and Urbaniczky, Anal Chem, 63:2338-
2345 [19581] and Szabo et al. Curr. Opin. Struct. Biol, 5:699-705 [19957). "Surface
plasmon resonance” or "BIA”" detects biospecific interactions in yeal time, without
labeling auy of the mteractants (e.g,, BlAcore). Changes in the mass at the binding
surface (indicative of a binding event) result in alterations of the refractive index of light
near the surface (the optical phenomenon of surface plasmon resonance {SPR}), resulting
in a detectable signal that can be used as an indication of real-time reactions between
biological molecules.

in one embodiment, the target gene produoct or the test substance is anchored onto

a solid phase. The target gene product/iest compound complexes anchored on the solid
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phase can be detected at the end of the reaction. The target gene product can be anchored
onto a solid surface, and the test compound, {which is not anchored), can be labeled,
either directly or indivecily, with detectable labels discussed herein.

It may be desirable to umobilize stem eell cancer markers, an anti-cancer marker
antibody of it target molecule to facilitaie separation of complexed from non-complexed
forras of ene or both of the proteing, as well 48 to accommodate automation of the agsay,
Binding of a test compound to a stem cell cancer marker protein, or interaction of a
cancer marker protein with a target molecule in the presence and absence of a candidate
cotapound, can be accomplished in any vessel suitable for containing the reactants.
Examples of such vessels include microtiter plates, test tubes, and micro-cenfrifuge tubes.
In one embodiment, a fusion protein can be provided which adds a domain that allows
one or both of the proteins to be bound to 2 matrix. For example, glutathione-S-
transferase-cancer marker fusion proteins or ghntathione-3-transferase/target fusion
proteins can be adsorbed onte glutathione Sepharose beads (Sigma Chemical, St. Lonis,
MO} or glutathione-derivatized microtiter plates, which are then combined with the test
compound or the test compound and cither the non-adsorbed target protein or cancer
marker protein, and the mixture incubated under conditions conducive for complex
formation (e.g., at physiological conditions for salt and pH). Followmg incubation, the
beads or microtiter plate wells are washed to remove any unbound components, the
matrix immobilized in the case of beads, complex determined cither directly or indirectly,
for example, as described above.

Alternatively, the complexes can be dissoctated from the matrix, and the lovel of
cancer markers binding or activity determined using standard techoiques, Gther
technigues for inunobilizing either cancer murkers protein or a target molecnle on
marmrices iuclude using conjugation of biotin and streptavidin, Biotinylated cancer marker
protein or target molecules can be prepared from biotin-WNHS (N-hydroxy-succinimide)
using technigues known in the art {e.g., biotinvlation kit, Pierce Chemicals, Rockford,
IL), and immobilized in the wells of streptavidin-coated 96 well plates (Pierce Chemical).

In order to conduct the assay, the non-imunobilized component is added to the
coated surface containing the anchored component. After the reaction s complete,

unreacted components are removed {e.g., by washing) under conditions such that any
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complexes formed will remain immohilized oo the solid surface. The detection of
complexes anchored on the solid surface can be accomplished in a number of ways.
Where the previously non~immobilized component is pre-labeled, the detection of label
imimobilized on the surface indicates that complexes were formed. Where the previously
nop-immobilized component is not pre-labeled, an indirect Jabe) can be used to detect
complexes anchored on the surface; e.g., using a labeled antibody specific for the
immobilized component (the antibody, in turn, can be directly labeled or indirectly
labeled with, ¢.g., 2 Iabeled anti-IgG antibody).

This assay is performed utilizing antibodies reactive with stem cell cancer marker
protein or target molecnles but which do not interfere with binding of the stem cell cancer
markers protein to its target molecnle. Such antibodies can be derivatized to the wells of
the piate, and unbound target or cancer markers protein trapped i the wells by antibody
coningation. Methods for detecting such complexes, in addition to those described above
for the GST-immobilized complexes, mclude immunodetection of complexes using
antibodies reactive with the cancer marker protein or target molecule, as well as enzvme
linked assays which rely on detecting an enzymatic activity associated with the cancer
marker protein or target molecule.

Alternatively, cell free assays can be conducted in a hiquid phase, Insuch an
agsay, the reaction products are separated from unreacted components, by anv of a
number of standard technigues, including, but not limited to: differential centrifugation
{(see, for exarmnple, Rivas and Minton, Trends Biocher Sci 18:284-7 {19937y,
chromatography (gel filtration chromatography, ion-exchange chromatography);
electrophorests {see, ¢.g., Ansubel et al., eds. Current Protocols in Molecular Biology
1999, 1. Wiley: New York.}; and immunoprecipitation (see, for example, Ausubetl et al,,
eds. Current Protocols in Molecular Biology 1999, 1. Wiley: New York). Such resing and
chromatographic techniques are known to one skilled in the art (Sce e.g., Heegaard 1.
Mol Recoguoit 11:141-8 [1998]; Hageand Tweed J. Chromatogr, Biomed, Sci. Appl
699:499-525 119971, Further, fluorescence energy transfer can also be conveniently
ntilized, as described herein, to detect binding without forther parification of the complex

from solution.
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The assay can include contacting the stem cell cancer markers protein or
biclogically active portion thereof with a known compound that binds the cancer marker
to form an assay mixture, contacting the assay mixture with # test compound, and
determuning the ability of the test compound (o nteract with a cancer marker protein,
wherein determining the ability of the test compound to mteract with a cancer marker
protein includes determining the ability of the test compound to preferentially bind to
cancer markers or biologically active portion thereof, or to modulate the activity of a
target molecals, as compared to the known compound.

To the extent that stem cell cancer markers can, n vivo, Interact with one or more
celtular or extracetiular macromolecules, such as proteins, inhibitors of such an
interaction are usefil. A homogeneous assay can be used can be used to identify
inhibitors,

For example, a preformed complex of the target gene product and the interactive
cellular or extracellular binding partner product is prepared such that either the target
gene products or their binding partners are labeled, but the signal generated by the {abel is
quenched due to complex formation (see, e.g., U.S. Patent No. 4,109,496, herein
mcorporated by reference, that utilizes this approach for immunoassays). The addition of
a test substance that competes with and displaces one of the species from the preformed
complex will result in the generation of a signal above background, In this way, test
substances that distupt target gene product-binding partner inferaction can be identified,
Alternatively, cancer markers protein can be used as 2 "bait profein” in a two-hybrid
assay or three-hybrid assay (see, e.g., U.S, Patent No, 5,283,317, Zervos ctal., Cell
72:223-232 [1993]; Madura et al,, I, Biel. Cherm. 268.12046-12054 [19937; Bartel et al,,
Biotechnigues 14:920-924 [19931; twabucht et al., Oncogene 8:1693-1696 [1993]; and
Brent WO 94/10390; each of which is herein incorporated by reference), to identify other
proteins, that bind to or intevact with cancer markers ("cancer marker-binding proteins” or
“cancer marker-bp™) and are involved in cancer marker activity. Such cancer marker-bps
can be activators or inhibitors of signals by the cancer marker proteins or targets as, for
example, downstream elements of 8 cancer markers-mediated signaling pathway.

Modulators of cancer markers expression can also be identified. For exampie, a

cell or cell free mixture is contacted with a candidate compound and the expression of

49



[y
w

25

cancer marker mRNA or proten evaluated relative to the level of expression of stem cell
canecer marker mRNA oy protein in the absence of the candidate compound. When
expression of cancer marker mRNA or protein is greater in the presence of the candidate
compeound than in its absence, the candidate compound is identified as a stimulator of
cancer marker mRNA or protein cxpression. Alternatively, when expression of cancer
marker mRNA or protein is less {i.e., statistically significantly less) in the presence of the
candidate compound than in its absence, the candidate compound is identified as an
nhibitor of cancer marker mRNA or protein expression. The level of cancer markers
mRNA or protein expression can be determined by methods described herein for
detecting cancer markers mRNA or protein.

This invention further pertains to novel agents identified by the above-described
screening assays {Sce e.g., below description of cancer therapies). Accordingly, it is
within the scope of this invention to further use an agent identified as described herein
{c.g., a cancer marker modulating agent, an aniisense cancer marker nucleic acid
moleeule, a siIRNA molecule, a cancer marker specific antibody, or a cancer marker-
binding partner) in an appropriate animal model (such as those described herein) to
determine the cfficacy, toxicity, side effects, or mechanism of action, of reatment with

such an agent. Furthermore, novel agents identified by the above-described screening

5

e, e.g.. used for treatments as deseribed herein {e.g. o treat a human patient

o

assays can
who has cancer).

In certain embodiments, the present mvention employs non-adherent
marpmospheres for varions sereening procedures, including metheds for screening
CXCRI or FBXOL1 signaling patbway antagonists, Nov-adberent mammospheres are an
n vitro culture system that allows for the propagation of primary human mammary
epithelial stem and progenitor cells v an undifferentiated state, based on their ability o
proliferate in suspension as spherical structures. Non-adhereot manunospheres have
previously been described 1o Dootu et al Genes Dev. 2003 May 15;17(10%1253-70, and
Doty et al., Breast Cancer Res. 2004;6(6:R605-15, both of which are herein
incorporated by reference. These references are incorporated by reference in their
entireties and specifically for teaching the construction and use of non-adherent

mammospheres. As described in Donto et al., mammospheres have been characterized as
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being composed of stern and progenitor cells capable of self-renewal and molti-lineage
differentiation. Dontu et al. also describes that mammospheres contain cells capable of
clonally generating complex fonctional ductal-alveolar structures in reconstituted 3-
cultore systems jn Matrigel.

In certain embodiments, the following exemplary sereening methods are
empiloyed. For i vitro studies, one could treat cells with either adenoviral construets
expressing control or CHCRI or FBXO2T candidate siRNA (m.o.d. 10 to 100} for 3 days
or 3 smal]l molecule candidate {e.g., PHAS6S752 derivative) (0.1-0.5 uM) for 3 days and
compare the ability of CXCRI1+ or FBX 021+ cells 1o form tumor spheres compared m
untreated vs. treated cells. For in vive studies, one could infect human breast cancer cells
with a lentivirus expressing fuciferase to monitor timor growth. Luciferase-expressing
cancer cells could be injected into breast tissue and tumors of approximately 0.5-0.7 cm
in size could be established, with 5 animals per group. Animals with established tumors
could then be treated with either a candidate CXCR1I or FBX(OZ1 inhibitor {daily i.v.
30mg/ka/day for 7 days), or vehicle contrel. Parallel studies could be performed using
infection with adenovirus expressing control or candidate CXCRI1 or FBXO2f siRNA
{m.o.1. 100 or 500 for 7 days). Animals could be imaged at day 7, 14, 21, and 28 w0
assess tumor size and then be sacrificed. Tumor size conld be further assessed at autopsy
and & portion of the tumor stained o assess tumor histology. The remaining tamor could
be harvested and sorted to asscess the pereentage of CXCRY or FBEXG21 positive and
CXCRI or FBXOZ negative cells. To verify that administration of candidate CXCRE ¢
FBX0O21 mhibitor and candidate CXCRT or FBXO21 siRNA adenovirus infection is
imhibiting CXCR1 or FBXO21 signaling function. pbosphorylation of dowustream
mediators soch as Gab-1 and ERK could be examined (see, Chistensen et al., Cancer

Res., 2003, 63:7345-73 35, herein incorporated by reference).

Y. Cancer Therapies

In some embodiments, the present invention provides therapies for cancer, In
some erbodiments, therapies target cancer markers {e.g., incloding but not limited o,
CXCRY or FBXO21 and proteins i the CXCRY or FBXO21 signaling pathway). In

some embodiments, any known or later developed cancer stens cell therapy may be used.
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For example, cancer stem cell therapeutic agents are desceribed m ULS. Pats. 6,984,522
and 7,115,360 and applications WO03/030502, WOOS/074633, and WONS/G05601,

herein incorporated by reference in thetr entireties,

Awtibody Therapy

In some embodiments, the present invention provides antibodies that target
tmors that express a stem cell cancer marker of the present invention, Any suitable
antibody {e.g., monocional, polyclonal, or synthetic) can be vtilized in the therapeutic
methods disclosed herein, fn some embodiments, the antibodics used for cancer therapy
are humanized antibodies. Methods for hnmanizing antibodies are well known in the art
{Sec e.g., U.S. Patents 6,180,370, 5,585,089, 6,034,297, and 5,565,332; cach of which is
herein incorporated by reference).

In some embodiments, the therapeutic antibodics comprise an antibody generated
against a stem cell cancer marker of the present invention, wherein the antibody is
conjugated {0 a cytotoxic agent. In such embodiments, a tumeor specific therapeutic agent
is generated that does not target normal cells, thus reducing many of the detrimental side
effocts of traditional chemotherapy. For certain applications, it is envisioned that the
therapentic agents will be pharmacologic agents that will serve as useful agents for
attachment to antibodics, particularly cytotoxic or otherwise anticellular agents having
the ability 1o kill or suppress the growth or cell division of endothetial eclls, The present
invention contemplates the use of any pharmacologic agent that can be conjugated to an
antibody, and delivered in active form. Exemplary anticellular agents inchude
chemotherapeutic agents, radiotsotopes, and cyvtotoxing, The therapeutic antibodies of
the present invention can include a variety of cytotoxic moieties, including but not
timited to, radivactive isotopes (e.g., todine-13 1, iodine-123, technicium-9%m, ndinm-
11, rheninm- 188, rheniom- 186, galliom-67, copper-67, ytirium-90, wodine-125 or
astaiine-21 1), hormones such as a steroid, antimetabolites soch as cytosmes {e.g.,

.

arabinoside, fluorovracil, methotrexate or aminopterin; an anthracyclineg; mitomyein C),
vinga alkaloids (e.g., demecoleing; etopeside; mithramycin}, and antitumor alkylating
agent such as chlorambuei! or melpbalan. Other embodiments can include agents such as

a coagulant, a cytokine, growth factor, bacterial endotoxin or the lipid A modety of
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bacterial endotoxin. For example, in sorme embodiments, therapeutic agents will inclode
plant-, fungus- or bacteria-derived toxin, such as an A chain toxing, a ribosome
inactivating protein, a-sarcin, aspergiliin, restrictocin, a ribonuclease, diphtheria toxin or
pseudomonas exowosin, to mention just a few examples. In some embodiments,
deglycosylated ricin A chain is atilized.

In any eveni, it is proposed that agents such as these can, if desived, be
successfully conjugated to an antibody, in 2 manner that will allow their targeting,
internalization, release or presentation to blood components at the site of the targeted
tumor cells as required using known conjugation technology (See, e.p., Ghose et al,
Methods Enzymol., 93:280 [1983]).

For example, in some embodiments the present invention provides inumunotoxins
targeted at stem cell cancer marker of the present invention. Imnumotoxing are
conjugates of a specific targeting agent typically a mmor-directed antibody or fragment,
with a cytotoxic agent, such as a toxin moiety. The targeting agent directs the toxin to,
and thereby selectively kills, cells carrving the targeted antigen. In some embodiments,
therapentic antibodies employ crosslinkers that provide high in vivo stability (Thorpe ot
al., Cancer Res,, 48:6396 [ 19881,

In other embodiments, particularly those imvolving treatment of sohid turnors,
antibadies are designed to have a ovtotoxic or otherwise anticeliular effect against the
rumor vasculature, by suppressing the growth or cell division of the vascular endothelial
cells. This attack 1s intended to lead to s tumor-localized vascnlar collapse, depriving the
tumor cells, particularly those tumor cells distal of the vascolatore, of oxygen and
nufrients, ultimately leading to cell death and turmor necrosis,

In some embodiments, anttbody based therapentics are formulated as
phampaceutical compositions as desceribed below. In some emboduments, administration
of an antibody composition of the present invention resulis in a measurable decrease in

cancer {e.g,, decrease or elunivation of tumor).

Vi,  Therapeutic Compositions and Administration
A pharmacentical coraposition containing a regulator of tumorigenesis

according the present invention can be administered by any effective method. For

[
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example, an ILE-CXCR I signaling pathway antagonist, or other therapeutic agent that
acts as an amag:mist of proteins in the ILE-CXCRY signal transduction/response
pathway can be administered by any effective method. In certain embodiments of the
present invention, the therapeutic agent comprises Repertaxin or a derivative thereof,

tu certain embodiments, & physiologically appropriate solution containing an
effective concentration of an ILE-CXCR1 signaling pathway antagonist can be
administered topically, inaccularly, parenterally, orally, intranasally, intravenously,
intrauusoularly, subcutaneously or by any other effective means. In particular, the IL8-
CXCRI signaling pathway antagonist agent may be directly injected into a target cancer
or tumor {e.g., into breast tissue) by a needle in amounts effective to treat the tumor cells
of the target tissue. Alternatively, a cancer or tumor present in a body cavity such as in
the eye, gastrointestinal tract, genitourinary tract {e.g., the urinary bladder), pulmonary
and bronchial system and the like can receive a physiologically appropriate conmposition
{e.g.. a solution such as a saline or phosphate buffer, a suspension, or an emulsion, which
is sterile) containing an effective concentration of an IL8-CXCR1 signaling pathway
antagonist via direct injection with a needie or via a catheter or other delivery tabe placed
nto the cancer or tumor afflicted hollow organ. Any effective imaging device such as X-
ray, sonogram, or fiber-optic visualization system may be used to locate the targer tissue
and guide the needle or catheter tube. In another slternative, a physiologically
appropriate solution contaming an effective concentration of an IL8-CXCR I signaling
pathway antagonist can be administered systemically inio the blood circulation {0 treat a
cancer or tumor that cannot be divectly reached or anatomically isolated.

Such manipulations bave m common the goal of placing the TL8-CXCRI
signaling pathway antagonist in sufficient contact with the target tumor to permit the
autagonist to contact, fravsduce or transfect the tumor cells (depending ov the nature of
the agent}. In one embodiment, solid tumors present in the epithelial linings of hollow
organs may be treated by infusing the suspension into a hollow fluid filled organ, or by
spraying or misting imto a hoflow air filled organ. Thus, the tumor cells (such as a solid
tumor stem cells) may be present in or among the epithelial tissue m the lining of
pulmonary bronchial tree, the lining of the gastrointestinal tract, the lining of the fomale

reproductive tract, geniourinary tract, bladder, the gall bladder and any other organ

(4
o



(P23

[P
o

[oey
(¥

20

25

30

i

tissue accessible to contact with the IL8-CXCR 1 signaling pathway antagounist, Tn
another embodiment, the solid tamor may be located in or on the lining of the central
nervous system, such as, for example, the spinal cord, spinal roots or brain, so that the
ILE-CXCRY signaling pathway aptagonist infused in the cerebrospinal flind contacts
and transduces the cells of the solid tomor in that space. Oue skilled in the art of
oncology can appreciate that the antagonist can be administered to the solid tumor by
direct injection inio the thmor so that the antagonist contacts and affects the tumor cells
inside the tumor.

The tumorigenic cells identified by the present invention can also be used to
raise anti-cancer ceil antibodies. In one cmbodiment, the method mvolves obtaining an
enriched population of tumorigenic cells or isolated tumorigenic cells; treating the
population to prevent cell replication {for example, by irradiation); and administering
the treated cell to a human or animal subject in an amount effective for mducing an
immune response to soiid tumor stem cells. For guidance as o an effective dose of
cells to be injected o orally administered; see, U.S. Pat. Nos. 6,218,166, 6,207,147, and
6,156,305, mcorporated herein by reference. In another embodiment, the method
involves obtaining an enricked population of solid tumor stem cells or 1solated solid

P

tumor stem cells; mixing the tumor stem cells in an o vitro caliure with imaooune
effector cells (according to mmumunological methods known in the art) from a2 human
subject or host animal in which the antibody 1s to be raised; removing the immune
effector cells from the cultore; and ransplanting the mmmune effector cells into a host
animal in 2 dose that is effective o stimolate an immune response in the animal.

In some embodiments of the present invention, the anti-tumorigenic therapeutic
agents {e.g. TL8-CXCRT signaling pathway antagonists) of the present invention are co-
administered with other anti-neoplastic therapies, A wide range of therapeutic agents
find use with the present invention, Any therapeutic agent that can be co-administered
with the agents of the present invention, or associated with the agents of the present
invention is suitable for use in the methods of the present fnvention.

Various classes of antineoplastic {e.g, anticancer) agents are contemplated for use
in certain embodiments of the present invention. Anticancer agents suitable for nse with

the present invention include, but are not Himited to, agents that induce apoptosis, agents

[
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that ihibit adenosine deaminase function, nhibit pyrimudine biosynthesis, inhibit purine
ring biosynthesis, inhibit nucleotide interconversions, inhibit ribonucleotide reductase,
inhibit thymidine ronophosphate {TMF) synthesis, inhibit dibydrofolate reduction,
jnhibit DINA synthesis, form adducts with DNA, damage DNA, inkibit DNA repair,
intercalate with DNA, deaminate agparagines, inhibit RNA synthesis, inhibit protein
synthesis or stability, jnhibit microtabule synthesis or function, and the like.

In some embodiments, exemplary anticancer agents suifable for use in
compositions and methods of the present invention include, byt are not Hmited to: 1)
alkaloids, including microtubule inhibitors (e.g., vincristine, vinblastine, and vindesine,
efe.}, microtubule stabiiizers {e.g., paclitaxel (TAXOL)}, and docetaxel, erc), and
chromatin function inhibitors, including topoisomerase inhibitors, such as
epipodophylivtoxins (e.g., ctoposide (VP-16), and teniposide (VM-26), efe.), and agents
that target topoisomerase 1 {e.g., campiothecin and isirinotecan (CPI-11), erc.); 2)
covalent DNA-binding agents (alkylating agents}, including nitrogen mustards {(e.g.,
mechlorethamine, chiorambucil, cyclophosphamide, ifosphamide, and busulfan
(MYLERAN), efc), nitrosoureas {e.g., carmustine, lomustine, and semustine, efc.}, and
other alkylating agents (e.g., dacarbazine, hydroxymethylmelamine, thiotepa, and
mitomyein, ec.); 3) noncovalent DNA-binding agents (antitumor antibiotics), including
sucleic acid inhibitors {e.g., dactinemycin (actinomycin D), ere.), anthracyclines {e.g.,
dannorubicin {daunomycin, and cerubidine), doxorubicin {adriamycin}, and idarubicin
(idamyein), efe. ), anthracenediones {e.g., anthracycline analognes, such as mitoxanirone,
ete.}, bleomycins (BLENOXANE), ere., and pheamycin (mithramyein), efe.; 4)
antimetabolites, incloding antifolates (e.g., methotrexate, FOLEX, and MEXATE, eic.),

purine antimetabolites {e.g., 6-mercaptopurine (6-MP, PURINETHOL), 6-thioguanine (5-

S
TG), azathioprine, acyelovir, ganciclovir, cxﬁomda,oxvmcmszm. 2-
chlorodeoxyadenosine (CAA}, and 2' -dwxya-(mn'nw in {pentostatin, efc), pyrovidine
antagonists {e.g., fluoropyrimidines {e.g., S-fluorouraci! (ADRUCILY, 5-
fluoredeoxyuridine (FdUrd) {(foxuridine}) efc.), and cyiosine arabinosides {e.g.,
CYTOSAR (ara-C) and fludarabine, et ); 5) enzymes, including L-asparaginase, and
hydroxywrea, efc.; 61 hormones, including glucocorticoids, antiestrogens {e.g.,

tamoxifen, efc), nonsteroidal antiandrogens {e.g., flutamide, efc.), and aromatase
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inhibitors {e.g., anastrozole (ARTMIDEX), efc); 7) platinum compounds {¢.g., cisplatin
and carboplatin, efe.); 8) movoclonal antibodies conjugated with anticancer drugs, toxins,
and/or radionuclides, eic.; 9 biological response modifiers (e.g., interferons (e.g., IFN-g,
efc.} and interfeuking (e g., TL-2, 2ic.), ercy; 1) adoptive immunotherapy; 11)
hematopoletic growth factors; 12) agents that induce tummor cell differentiation {e.g., all-
trans-retinoic acid, erc.); 13) gene therapy techniques; 14) antisense therapy techniques;
15} furnor vaceines; 16) therapies divected against himor metastases (e.g., batimastat,
efe. ), 17 angiogenesis inhibitors; 18) proteosome inhibitors {e.g., VELCADE); 19}
inhibitors of acetvlation and/or methylation {e.g., HDAC inhibitors); 20} modulators of
NF kappa B; 21} inhibitors of ccll cycle regunlation (e g., CDK inhibitors); 22) modulators
of p53 protein function; and 23) radiation.

Any oncolvtic agent that is routinely used in a cancer therapy context finds use in
the compuositions and methods of the present invention. For exampie, the U.S. Food and
Drug Administration maintains a formulary of oncolytic agents approved for use in the
United States. International counterpart agencies to the U.S.F.D A, maintain similar
formularies. Table 3 provides a list of exemplary antincoplastic agents approved for use
in the U.S. Those skilled in the art will appreciate that the "product labels" required on
all U.5. approved chemotherapentics describe approved indications, dosing information,

toxicity data, and the like, for the exemplary sgents.

TABLE 3
Aldeslcukin Projokin Chiren Corp.,
f{des-alanyl-1, serine-125 homan interleukin-2) Fineryviike, CA
Alemtuzumab Campath Millenmium and
(oG ik ot CDS2 antibody) TLEX Padoers, LP,
Cambridge, MA
Alitretinom Panretin Ligand
§{O-cis-retinoie scid) Pharmaceuticals, Inc,,
San Diego CA
Allopurinol Zyloprim GlaxoSmithK tine,
i1, 5-dibydro-4 H -pyrazolof3,4-dipyrimidin-4-one Research  Triangle
onosodiurn salty Pask, MC

e
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Altretamine
(M N NN NY,- hexamethyl-],3 S-trianine-2, 4,

S-trigmine)

Hexalen

US Bicscience, West

Conshobaocken, PA

Amifosting
{ethanethiol, 2-{(3-aminopropyDamino]-,

dihydrogen phospbaie {ester))

Eihyol

TS Bioscienee

(L-asparagine amidohydrolase, type BC-2)

Anastrozole Artmidex AstraZeneca
{1,3-Benzenediacetonitale, 8, a, 2\, atetramettyl- Pharmsacentioals, LP,
S-(1H-1.2,4-trigzol- 1 ~vimethyl)) Wilnington, DE
Arsesic trioxide Trisenox Call Therapeutic,
{nc., Seattle, WA
Asparag inase ispar Merck & Co., Tuo,

Whitehoyse
1]

Station,

BCG Live
(tyophitized preparation of an attenuated strain of
Mycobacrerinm bovis {Bacilius Calmerte-Guin

TBCG], subsirain Montzeal

TIHCE RCG

Organon Teknike,

Corp., Dutham, NC

bexarotene capsules Targretin Ligand

(4-[1-(5,6,7 8-tetrabrydro-3,5,5,8 8-peniamethyl-2- Pharmaceuticals
Fnapthaienyl} ethenyl] benzoic acid)

bexarotene gel Targretin Ligand

Pharmacauticals

Bleomycin
(cytotoxic glyeopepiide autiblotics produced by
Strepionvces verficitlus; bleomycin A; and

bleomvein B,
Y 2

Slenoxane

Bristol-Myers Squibb
Co., NY,NY

(platinum, digmanine [1,1-

cyclabutanadicarboxylato(2-3-0, 07, (8P-4-2 3

Capecitabine Keloda Roche
(5"-deoxy-5-fuore-M-[{pentylogyjearboayt]-

cvtidine)

Carboplatin Paraplatin RBristol-Myors Squiblb

Carmustine

|

3-bisi2-chloroathell- Lnitrosoure

I
1%

.|
fhay

BOMU, BiCNU

Bristol-Myers Squibb

2
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Carpiustine with Polifeprosan 20 Trplant

Glindel Waler

Guilford

Pharmaceuticals, nc.,

(PICLELN;)

Baltimore, MD
Celeconib Celelbrex Searle
(a5 4-{5-(4-methylphenyl)-3- (triffuorometiyl}- Pharmaceuticals,
1H-pyrazol- 1yl Fogland
benzenesulfonamide}
Chiorambuci] Leukeran GlaxoSmithKlne
(4-{bis{ Zchlorethvhamivobenzenebutanoic acki)
(isplatin Platinol Bristol-Myers Squibb

Cladribine

(2-chioro-2'-deoxy-b-D3-adenosine)

1 eustatin, 2-CdA

R.W. Jobhnson
Pharmaceutical
Research  Tnatitute,
Rantan, NI

iCyclephosphamide
{ 2-[bis(2-chloroethyDamino] tetrahydeo-211-33.2-

oxazaphosphotine 2-oxide monohydrate)

Cytoxan, Neosar

Brisiol-Myers Squibb

Hrecombinant peplide}

(Cytarabine Cytosar-U Pharmacta & Upjobm

i i-b-D-Arebisofuranosyleytosine, CoHyaN3Gs) Company

cytarabing liposomal DepoCyt Skye
Pharmaceuticals, Inc.,
San Diego. CA

Dacarbazine DTIC-Dome Bayer AG,

J5-03, 3-dimethyiriazeno)-saidazole-4- Leverkoses,

carboxamide (DTICY) Gormary

Dactinomycin, sctnomyoie 13 Cosmsgen Merck

{actinomycin produced by Strepiomyces parvuilus,

CorltesNi2016)

Darbepcetin alfa Arancsp Amgen, Ine.,

Thousand (Oaks, CA

dauyporubicin posomal
§((88-cis)-B-acetyl- 10-[(3-amino-2,3 6-trideoxy-a-

L-byxo-hexopyranosyloxy]-7,8,9,10-tewrahydeo-

DranuoXome

Nexstar
FPharmaceuticals, Inc.,
Boulder, CO

L )
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6,8,1 F-trihydroxy- 1 -methoxy-5,12~

naphthaseaadione bydrochioride}

{{21,35)-N-carboxy-3-phenylisoserine, N-tert-
butyl ester, 13-ester with 5b-20-epony-
1224.75,10b.1 3a-hexabydroxytax- 1 1-¢n-S-one 4-

facetate 2-benzoate. tnhydrate)

Daunorubicin HCL, daunomyetn Corubidine Wyeth Ayerst,
{19,353 Acetyl-1,2,3,4,6,1 E-hexabydro- Madison, N}

3,5, 12-trihydroxy-10-methoxy-6,1 I -dioxo-1-

fnaphtbaceny! d-amino-2,3,6-tadecxy-{alphay-i.-

yxo -hexopyranoside hydrochloride)

Denilevkin diftitox Ontak Seragen, fue.,
(recombinant peptide) Hoplunton, MA
Dexrazoxans Zinesard Pharraacia & Upiohn
({8)-4,4'-{ 1 -methyl-1,2-cthanediyl)bis-2,6- Company
piperazinedions}

Docetaxel Taxotere Aventis

Pharmaceusicals, Inc.,

Bridgewater, NI

Droxorubicin B

(85,108} 1D-[(R-amine-2,3 6-mdeony-a-L-1yxo-

hexopyrancsylyoxy} -S~glycolyl-7.8,9,10-
tettahiydro-6.8,1 I~ wrihydeoxy-1-methoxy-5,12-

naphthacenedione hydrochloride)

Adriaroyein,

Rubex

Pharmeacia & Upiobr

Company

doxorubicn

Adriamycin PFS

Phermacia & Upiobn

Intravenous Campany
finjection
doxorubicin fiposomal Doxil Sequus

Pharmacsuticals, nc.,

Menlo park, CA

dromostancione propionate
{17b-Hydroxy-2Za-methyl-Sa-androsian-3-one

fpropionate)

Dromostanolone

Indianapotis, IN

dromostancione propionaie Masterone Syntex, Corp., Palo
injection Alle, CA

Flliott's B Solution Eliiotl's BiOrphan Medical, Inc
Sclution




{{recombinant peptide)

Fpirebicin Ellence Pharmacia & Upjohn
({85-¢is)-10-[(3-amino-2.3,6-widaoxy-a-L- Corapany

farabino- hexopyranosyloxy]-7.8,%,10-tetrabydro-

0,8, 1} -irihydroxy-8- (hydroxyacetyl)-1-methoxy-

5.1 2-naphthacenedione hydrochioride)

Epoetin alfa Epogen Awmgen, Inc

Estramustine

rmcnohydratc)

(diliydrogen phosphate), disodium salt,

(eswa-1,3.5(10triene-3,1 7-diol{ 1 7{bela))-, 3
{bis{Z-chlorocthybicatbamate] | 7-(dihydrogen
tpbosphate}, disodium sslt, monchydrate, or

esiradiol 3-{bis(2-chioroethyeasbamats] 17-

Fment

Pharmacia & Updobn

Company

Fioposide phosphate

{ditydrogen phosphate))

(4'-Denethylepipodopbytiotoxin 9-{4,6-0-(R)-

cthylidene-{beta ) D-glucopyranoside]. 4'-

Tiopophos

Bristol-Myers Squibb

{3-fuore-2,4(1 1.3

yrimidined

one)

ctoposide, VP-16 Yepesid Bristol-Myers Squibb

i 4 -dersethvispipodophyiiotoxin 9+{4,6-0-(K)-

sthylidene-(beta)y-D-glucopyranoside]}

Exemestane L AToDIasin Pharmacia & Lpjohn
{6-methylenandrosta-1 d-drene-3, 17-dione) Corapany

Filgrastim Neupogen Amgen, Inc
{(r-refHuG-CSF)

floxuridine (infraarterial) FUDR Roche
2'-deoxy-3-fluorouriding)

Fludarabine Fludara Berlex  Laboratories,
{fluorinated nocleotide analog of the antivieal Inc., Cedar Knolls,

jagent vidarabine, %-b -D-arabinofuranosyladenine D]

{ora-Al)

Fluorowacil, 5-FU Adrucit ICN Phanmnaceuticals,

Tne., Huroaceo,

Puerto Rico

Fulvestrant

Teda
Pl
A

“agiodex

Y

PR Pharmacsuticals,

61




(7-alpha-{9-{4.4,5,5,5-penta fluoropentylsulphinyl)

.~y

nonyl]estra-1,3,5-(10)- wiene-3,17-beta-dio)

(Guayama, Puerto

Rico

(Gemciiabine
(2 -deony-2', 2-diffuorocytidine

monohydrochioride (b-isomer))

CGenzar

11 Lilly

emtuzumab {zegamisio

{anti-CDX33 WP67.6)

' .y
Mylotarg

Wyeth Averst,

Gosarelin acetate
{acetale salt of [3-Ser({ But)®. Azgly "JLHRH; pyro-
ot e Trp-Ser-Tyr-Tx-Bex{ Bul)-Leu-Arg-Pro-

Azgly-NH?2 acetate [Crphsal 0w {(CollOy),

Zoladex Implant

AstraZeneca

Pharmaceuiicals

g{rccombinam peptide)

Hydroxyurea Hydrea Bristol-Myers Squibb
fbritumornal Tiuxetan Zevalin Riogen IDEC, Ine,
Himmunoconjugate resulting from a thiowrea Cambridge MA
covalent bond between the monocional antibody

Thritumomab and the Hoker-chelator duxedan {N-

i 2-his(earhoxymethyDamine}-3-(p-

isothiocyanatophenyl)- propyi}-[N-[2-

ihis(carboxymethyljamino]-2-(methyl) -

ethyllglveine)

Idarybicin fdamycin Pharmacia & Upjohn
(3, 12-Maphthacenedione, 9-acetyl-7-{{3-amino- Company
2,3,6-tridecxy~(alphap-L- JyNo -

hexopyranosyljoxy}-7,8.9, 1 G-totrahydro-6,9.11-

ritydroxyhydrockioride, (7S~ cis )

Tosfamide IFEX Bristoi-Mycrs Squibb
§(3-(2echloroethy D21 (2~

chioroethyDaminojtetrahydro-25-1.3.2-

oxazaphesphonne 2-oxide)

Ematinib Mesilate Cleevee Novartis AG, Baset,
d-[(4-Methyi-1-pipsraznyhmethyl}-N-[4-methyl- Swizetland
3-[{4-(3-pyridiny-2-pyrimidinyllamino |-

inhenyvijborzamide methanesulionate)

Interferon alfa-2a Roferon-A THoffimarn-La Roche,

Inc., Nuiley, NJ




Tuterferon alfa-2h

(recombinant peptide)

Intron
(Lyophibzed

Detaseron)

Schering AG, Berlin,

Crermany

Frinotecan H{

Camptosar

Pharmacia & Upjohn

{ 1-(2-chloro-ethyl)-3-cycichexyl-1-nitrosourea)

{(45)-4,11-diethyl-4-hydroxy-9-{{4- piperi- Comparny
dimopiperidinojearbonyloxy -1 Hepyrano[ 3, 4

0.7} mdolizino[1,2-b] quinoline-3,314(41, 12H)

dione kydrochloride trhydrate)

Letrozole Vomara Novartis
(4,4-{1H~12.4 -Triazol-1-yimethylene’

divenzonitrile)

L SUCOvorin Welleovorin, fmmunex, Cop.,
(L -CGlutanmie aeid, N{4{{[(2amino-S-formyl- Leucovorn Seatile, WA
1,4,5,6,7.8 hexahydrodoxot-

oteridinylmethylaminofoenzoyl], calcium saklt

(110

Levaraiscle HCI Ergamisol Janssen Research
{(-3-( §3-2,3,5, G-tetrahydro-6-phenylimidazo [2,1~ Foundation,

bl thinzole monchydrochlonde T H NS HCH Titusville, NJ
Loranstine CeeNU Rristol-Myers Squibb

Meclorathamine, nitrogen roustard
{Z-chloro-N-(2-chlorocthyl}-N-methylethanamine

hydrochionde)

Mustargen

Merck

iMcgcstmi acotate Megace Bristol-Myers Squibb
{7 acetyloxy) 6~ methylpregua- 4.6+ dicne-

3,20 dione

Melphalan, 1T-PAM Adkeran ClaxoSmithiline
{4-{bis(Z-chloroethyl) aminej-L-phenyialanine}

Mescaptopanne, &-MP Prrnethol GlaxoSmithKiine

{1,7-dibydro-6 H -purine-6-thione monohydrate)

Mesna

{sodium 2-mercapioethane sulfonate}

A ener
Mesnex

Asta Medica

Methotrexate

EMei.hsairexale

Ledere Laboratories

N
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(N-[4-{[(2.4-diamino-O-
preriding Dmethylimethylamino thenzoyi}-L-

shitamic acid}

iMethoxsalen

{D-methoxy-7H-furo[3,2-g1[ 1 }-benzopyran-7-one)

Uvadex

Therakos, Ine., Way

Exton, Pa

EM' tomycin

?' Autamycin

Bristol-Myers Squibb

imiﬁamyciu C ?Mitozy&rex SuperGen, inc.,
Dbl CA

Mitotane Lysodren Bristol-Myers Squibb

(3, 1-dichloro-2-{o-chloropbenyl)-2-{p-

chiorophenyl} ethane)

Mitoxagtrone Novantrone fmunex

{1, 4-dihydroxy-5,8-bis[[2- {(2- Corporation

hydroxyethyhaminolethylamine}-9,10-

anthracenedione dhydrochloride}

Nandrolone phenpropionate

Dhurabalin-30

Organcn, Inc, Wast

Orange, NJ
MNofetupromab Verluma Dochunger Ingethelin
Fharma KG,
Gormany
Oprelvekin Neumega Genetics  Instituie,
Hil-11) Inc., Alesandria, VA
Oxaliplatin Hioxatin Sanofi Syuthelabo,
{(cis-{( 1R, 2R)-1,2~cyclobexanodiamine- NN Inc., NY, NY
foxalato(2-3-0,0°] platinum)
Pacitaxel TAXOL Rristol-Myers Squibb
{38, 20-Epoxy-1.2a, 4.78, 168, 13a-
hexabydroxytax-1 l-en-9-one 4, [{~dizcetate 2-
benzoate 13-ester with (2R, 3 8)- N-benzoyl-3-
phenyhisosering}
Pamidronate Aredia Novartis

{phosphonic asid (3-amine--hydroxypropylidene)

bis-, disodion salt, pentabydrate, (APDY))




Pegademase

((mopomethogypoatyethylene ghycol succininidyl)

Adagen

(Pepademase

Fizon

Pharmacsuticals, Inc.,

11 - 17 -adenosine deaminasc) Bovine} Bridgewater, NJ

Pepaspargass Oncaspar Trzon

(monomethoxypolyethylene glyeol succininidy!

L-ssparaginase)

Pepfitgrastim Neulasta Amgen, Inc

{covalent conjugale of recombinant methionyl

humen G-CSF (Filgrastim) and

monomethoxypolvethylene glyeol)

Pentostatin Nipent Parke-Davis
Pharmaceutical  Co.,
Rockvifle, MDY

Pipobroman Vercyte Abbott  Labaratories,

Abbott Park, IL

Plicaraycin, Mithramycin

{antibiotic produced by Streptomyces plicaius)

IVithracin

Piizer, Inc.. WY, NY

g( recombinant peptide)

Porfimer sodivm Photoftin GLT
Phototherapeuatics,
Tne., Vancouver,
Canada

Procarbazine Matulane Sigoa Tau

(M-isopropyleu-2-methyihydrazino}-p-tolusmide Pharmaceuticals, Inc.,

monchydrochioride) Caithersburg, MD

Qurnactine Adabrine Abbott Labg

{6-chiloro-9-{ I —methyl-4-diethyl-amine)

butylamino-2-methoxyaceidine}

Rasburicase Elitek Sanof-Synthelabe,

{recombinant pepfide} e,

Rituximab Rituxan (enentech, Inc.,

(recomibingat anti-CDZ0 aotibody) South San Franeiseo,
C

Sexgramosting Prokine Tmmnex Corp

N
e



{1 3-hydroxy-3-0x0-13,17-secoandrosta-1,4-dics-

Streptozocin Zanosar Pharmacia & Upjohn
{streptozocin 2 —deoxy - 2 - Corapany
{[{methynitrosoamino jearbonyl]amino] - aland b}

- D - plucopyranose and 220 my oivde anid

anhydrous)

Talc Scierosol Rryan, Corp.,
(Vg 51,0y {OHD)) Woburn, MA
Tamoxifen MNobvades, AstraZeneca
{{Z)2~{4-(1.2-diphenyl-1-butenyl) phenoxy-N, N- Pharmaceuticals
dimethylcthanamine 2-hydroxy-1,2,3-

propanetricarboxylate (1:1))

Temozolomide Temeodar Schering
(3.4-dihydro-3-methyl-4-oxoimidazof 5,1 -d]-as-
E’setfazi;:1@-8-c:zrboxamé§e)
Etenipozsidm V26 Vimon Bristol-Myers Squibb
(4'-derasthyviepipodophyilotoxin 9-[4.6-0-(R)-2-
fthenylidene-(beta)-D-glucopyranoside]}

Testolactone Teslac Bristoi-Myers Squibb

Thioguanine. 6-TG

{2-amino-1,7-dihvdro-6 H - purine-6-thione)

Thioguanine

(axoSmithKline

Thiotepa
{Azinidime, 1,1,1%-phosphinothioyiidynetris-, or

Teis (1 ~azridioyl) phosphine sulfide)

Thioplex

framnnex

Corporation

Topotecan HCI Hycamtin CGlaxoSmithKline
H(S)-10-[{diethylamino) methyl]-4-ethyl-4.9-

dihydroxy-1H-pyranci 3, 41 6,7] mdolizino [1.2-b}

quinoline-3,14-(4H,1 2 -dione

imonohydrochloride)

Toremifene Haresion Roberts
{2-p-[{Z-d-chitoro-1,2-divhenyi-1-butenyi}- Pharmaceutical
ohenony N N-dimethylethylamine ctirate (1:1)) Corg., Eatontown, NI
Tostumaoenab, 1 131 Tosttumomab Hexxar Corixa Corp., Seattle,
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(recombinast murine immunotherapeutic WA
monocional 180Gy, lambda anti-CD20 antibedy (1

131 is a radicimmunotherapeutic antibody))

Trastuzimab Herceptin Genentech, Ine
(recombinant monoclonal IgGy kappa anti-HER2

jantibody)

Tretinein, ATRA Yesanoid Roche

(all-rans relinoic acad)

I‘U:mcii Muglard Uracil  MustardiRobests Labs
{Capsuies

Y alrubicin, N-mluoroacetyladriamycin-14- Valstar Anthra - Madeva

valerale

((28-cis)-2- [1,2,3,4.6.1  -hexahydro-2,5,12-

trihydroxy-7 methoxy-6,11-dioxo-{{4 23,6
trideoxy-3- [(rfluoroacetyly-amine-o-L-dyxo-
hexopyranosylloxyli-2-naphthacenyl]-2-oxoethyl

pentancate)

Vinblastine, Lewrocristine Velba Eh Litly
{01 513{ 55}‘54(3 1 l)"H 2 S it}

Vincrigtine Oncovin EH Lifly
{Caal sy e HaSOs)

Vinoreline Navethine GlazoSmithKliine
(3, 4'-didehydro-4'-deoxy-C'-
forvincalenkoblastue [R-(R* R*).2,3-

dihydroxybutanedioate {1:2)(salt)])

Zoledronaty, Zoledronic acid Zomela Novartis
{{1-Hydroxy-2-imidazol-1-vi-phosphonoethyt)

phosphonic acid monobydrate)

Antimicrobial therapeutic agents may also be used as therapeutic agents in the
present invention. Any agent that can kall, inhibit, or otherwise attenvate the function of

microbial organisms may be used, as well as any agent contemplated o have such
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activities. Antimicrobial agents include, but are not limited to, natural and synthetic
antibiotics, antibodies, inhibitory proteins (e.g., defensing), antisense nucleic acids,
membrane disruptive agents and the like, used alone or in combination. Indeed, any type
of antibiotic may be used inciuding, but not limited to, antibacterial agents, antiviral
agents, antifangal ageuts, and the like.

in still further erbodiments, the present invention provides compounds of the
present invention (and any other chemotherapeutic agents) associated with targeting
agenis that are able to specifically target particular cell types (e.g., tumor cells).
Generally, the therapeutic compound that is associated with a targeting agent, targets
neopiastic cells through interaction of the targeting agent with a oell surface moiety that
is taken into the cell through receptor mediated endocytosis.

Any moiety known to be located on the surface of target cells (e g., tumor cells)
finds use with the present invention. For example, an antibody directed against such a
moicty targets the compositions of the present invention to cell surfaces containing the
moiety. Alterpatively, the targeting moiety may be 2 ligand directed to a receptor present
on the cell surface or vice versa. Similarly, vitamins also may be used to target the
therapeutics of the present invention to a particular cell,

As used herein, the term "targeting molecules” refers to chemical moieties, and
portions thereof useful for targeting therapeutic compounds to cells, tissues, and organs
of interest. Various types of targeting molecules are contemplated for use with the
present vention neluding, but oot limited to, sigoal pepuides, antibodies, nucleic acids,
toxins and the ltke. Targeting rooietics may additionally promote the binding of the
associated chemical compounds (e.g., small raolecules) or the entry of the compounds
into the targeted cells, tissues, and organs. Preferably, targeting moicties are selected
according to their specificity, affinity, and efficacy in selectively delivering atiached
compounds to targeted sites within a sobiect, tissue, or a cell, including specific
subcellular locations and organelies.

Various efficiency issues affect the administration of all drugs--and of highly
cytotoxic drugs {e.g., anticancer drugs) in pasticular. One issue of particular importance

is ensuring that the administered agents affect only targeted cells {e.g., cancer cells),
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tissues, or organs. The nonspecific or unintended delivery of highly cyvtotoxic agems to
nontargeted cells can canse serious toxicity issues.

Numerous attempts have been made to devise drug-targeting schemes 10 address
the problems associated with nonspecific drug delivery. (See e.g, K.N. Syrigos and ALA.,
Epenetos Anticancer Res., 15:606-614 (1999); Y 1. Park et ¢/, §. Controlled Release,
T8:67-79 (2002}, RV Chari, Adv. Drug Deliv. Rev., 31:89-104 (1998); and D. Putham
and J. Kopecek, Adv. Polymer Sci., 122:55-123 (1995)). Conjugating targeting moieties
such as antibodies and ligand peptides (e.g., RDG for endothelium cells) to drag
molecules has been used to alleviate some collateral toxicity issues associated with
particular drugs.

The compounds and anticancer agents may be administered in any sterile,
biocompatible pharmaceutical carrier, including, but not limited to, saline, buffered
saling, dextrose, and water. [n some embodiments, the pharmacentical compositions of
the present invention may contain one agent {e.g., an antibody). In other embodiments,
the pharmaceutical compositions contain a mixture of at least two agents {e.g., an
antibody and one or more conventional anticancer agents). In still further embodiments,
the pharmaceutical compositions of the present invention contain at least two agents that
are administered 1o a patient under one or more of the following conditions: at different
periodicitics, at different durations, at different concentrations, by different
adnunistration routes, efc. In some embodiments, the 1L8-CXCRI signaling pathway
antagorist 1s administered priot to the second anticancer agent, e.g., 0.5, 1, 2 3, 4, 5, 19,
12,0t IR hours, 1, 2, 3, 4, §, or 6 days, 1, 2, 3, or 4 weeks prior to the administration of
the apticancer agent. In somme embodiments, the IL8-CXCRI signaling pathway
antagonist is administered after the second anticancer agent, ez, 0.5, 1,23, 4, 5,10, 12,
or 18 howrs, 1,2, 3,4, 5, or 6 days, 1, 2, 3, or 4 weeks after the administration of the
anticancer ageni. [u some embodiments, the IL8-CXCRI signaling pathway antagoenist
and the second anticancer agent are administered concurrently but on different schedules,
e.g., the ILB-CXCR I signaling pathway antagonist compound is administered daily while
the second anticancer agent is administered once a week, once every two weeks, once
every three weeks, or once every four weeks. In other embodiments, the ILE-CXCRI

signaling pathway antagonist is administered once a week while the second anticancer
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agent is administered daily, once a week, once every two weeks, once every three weeks,
or once every four weeks.

Depending on the condition being treated, preferred embodiments of the present
pharmaceutical compositions are formulated and administered systemically or locally.
Techniques for formulation and adminisiration can be found in the latest edition of
"Remington's Phanmaceutical Sciences' (Mack Publishing Co, Easton Pa), Suitable
routes may, for example, include oral or transmiucosal administration as well as parenteral
delivery (e.g., intramuscular, subcutaneous, intramedullary, intrathecal, intraventricular,
infravenous, intraperitoneal, or infranasal administration).

The present invention contemplates administering therapentic compounds and, in
some embodiments, one or more conventional anticancer agents, in accordance with
acceptable pharmaceutical delivery methods and preparation technigues. For example,
therapentic compounds and suitable anticancer agents can be administered 1o a subject
intravenously in a pharmaceutically acceptable carrier such ag physiotogical saline.
Standard methods for intraceilular delivery of pharmaceutical agents are contemplated
(e.g., delivery via liposome). Such methods are well known 1o those of ordinary skill in
the art.

{n some embodiments, the fornmulations of the present invention are useful for
parenteral administration {e.g., intravenous, suboutancous, intramusenlar, intramedullary,
and intraperitonecal). Therapeutic co-administration of some contemplated anticancer
agents {e.g.. therapeutic polypeptides) can also be accomplished using gene therapy
reagents and technigoes.

In some embodimf:m;ﬂ; of the present ravention, therapeutic compounds are
acdmanistered to a subject along, or in combination with one or more conveniional
anticancer agents {e.g., nucleotide segnences, drugs, hormones, efc.} or in pharmaceutical
composthions where the components are optionally mixed with excipient(s} or other
pharmaceutically acceptable carviers, In preferred embodiments of the present invention,
pharmaceuntically acceptable carriers are biologically inert. In preferved embodiments,
the pharmaceutical compositions of the present invention are formulated using
pharmacentically acceptable carriers well known in the art in dosages suitable for oval

adwministration. Such carriers enable the pharmaceutical compositions to be formulated as
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tablets, pills, capsules, dragees, hquids, gels, syrups, slurries, solutions, suspensions and
the iike, for respective oral or nasal ingestion by a subject.

Pharmaceutical preparations for oral use can be obtained by combining the active
compounds with solid excipients, optionally grinding the resulting mixture, and
processing the mixture into granuies, after adding suitable auxiliarics, if desired, 1o obiain
tablets of dragee cores. Suitable excipients are carbohydrate or protein fitlers such as
sugars, inctuding lactose, sucrose, mannitol, or sorbitol; starch from corn, wheat, rice,
potato, eic.; celhulose such as methyl celinlose, hydroxypropyimethyl-cellalose, or
sodinm carboxymethyicellnlnse; sums including arabic and tragacanth; and proteins such
as gelatin and collagen. If desired, disintegrating or solubilizing agents may be added,
such as the crogs-linked polyvinyl pyrrolidone, agar, alginic acid or a salt thercof such as
sodium alginate.

in preferred embodiments, dosing and administration regimes are tailored by the
clinician, or others skilled in the pharmacological arts, based upon well known
pharmacological and therapeutic considerations including, but not limited to, the desired
level of therapeutic effect, and the practical level of therapeutic effect obtainable,
Generally, it is advisable to follow well-known pharmacological principles for
administrating chemotherapeutic agents (e.g.. it is generally advisable to not change
dosages by more than 50% at time and no more than every 3-4 agent half- iwcs} For
compositions that have relatively little or no dose-related 1oxicity considerations, and
where maximun efficacy {e.g., destruction of cancer cells) is desired, doses m excess of
the average required dosc are not uncomunon. This approach to dosing is commonly
referred to as the "maximal dose” strategy. In certain embodiments, the TLE-CXCR]
signaling puthway antagonist 18 administered to a subject at a dose of 1-40 mg per day
{e.g. for 4-6 weeks). In cerfain embodiments, subject is administered a loading dose of
hetween 15-70 myg of the IL&-CXCRI sigoaling pathhway antagouist. In certain
embodiments, the subject is administered a loading dose of about 35-45 mg of the [L&-
CXCRT signaling pathway antagonist {e.g. subentaseousiv), and then daily doses of

about 10 mg (e.g. subcniancously) for about 4-6 weeks.
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Additional dosing considerations relate to calculating proper target levels for the
agent being administered, the agent’s aceumulation and potential toxicity, stimulation of
resistance, lack of efficacy, and describing the range of the agent’s therapeutic index.

In certain embodirents, the present invention contermplates using routineg methods
of tifrating the agent’s administration. One common strategy for the administration is (o
set a yeasonable target level for the agent in the subject. In some preferred embodiments,
agent levels are measured in the subject’s plasma. Proper dose levels and frequencies are
then designed to achieve the desired steady-state target level for the agent. Actual, or
average, levels of the agent in the subject are monitored (e.g., hourly, daity, weekly, eic.)
such that the dosing levels or frequencics can be adjusted to maintain target levels. Of
course, the pharmacokinetics and pharmacodynanics {e.g., bioavailability, clearance or
bioaccunwilation, biodistribution, drug interactions, er¢.) of the particular agent or agents
being administered can potentially irapact what are considered reasonable target levels
and thus impact dosing levels or frequencies.

Target-level dosing methods typically rely upon establishing a reasonable
therapentic objective defined in terms of a desirable range (or therapeutic range) for the
agent in the subject. In general, the lower limit of the therapeutic range is roughly equal
to the concentration of the agent that provides about 30% of the maximum possible
therapeutic effect. The upper limit of the therapeutic range is usually established by the
agent’'s toxicity and not by 1ts efficacy. The present invention conterplates that the
upper bmit of the therapeutic range for a particular agent will be the concentration at
which less than 3 or 1% of subjects exhibit toxic side effects. In some embodiments, the
upper limit of the therapeutic range is about two tiroes, or less, than the lower Tomit.

Those skilled in the art will ynderstand that these dosiog consideration are highly variable
and to some extent individnalistic {e.g., based on genetic predispostiions, immumological
considerations, tolevances, resistances, and the like). Thus, 1 some ernbodiments,
effective target dosing levels for an agent in a particolar subjectmay be 1, ... 5,... 16, ..
5,020,080, 00075, ... 100, 000200, L X%, greater than ()pflmcﬁ 10 another
subject. Conversely, some subjects may suffer significant side effects and toxicity refated
health 1ssues at dosing levels or frequencies farfess (1, .05, .. 16, ... 15,...20,. ..

SO,...75,...100, ... 200, ... X%) than those typically p}"oducing optimal therapeutic
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levels in some or a majority of subjects. In the absence of more specific mformation,
target adnmunisteation levels are often set In the middle of the therapeutic range.

In preferred embodiments, the clinician rationally designs ap individealized
dosing regiraen based on known pharmacological principles and equaiions. Tn general,
the dmw:m designs an individualized dosing regimen based on knowledge of various
pharmacoiogicai and pharmacokinetic properties of the agent, inclnding, but not Himited
to, F (fractional bivavailability of the dose}, Cp {concentration in the plasma), CL
{clearance/vlearance rate), Ves {volme of drug distribution at steady state} Css
{concentration at steady state}, and t1/2 {drug half-life}, as well as information about the
agent’s rate of absorption and distribution. Those skilled in the art are referred to any
number of well known pharmacological texts {e.g., Goodiman and Gilman's,
Pharmaceutical Basis of Therapeutics, 10th ed., Hardman ef @/, eds., 2001) for further
explanation of these variables and for complete equations illustrating the caleulation of
individualized dosing regimes. Those skilled in the art also will be able to anticipate
potential fluctuations in these variables in individual subjects. For example, the standard
deviation in the values observed for F, CL, and Vss is typically about 20%, 50%, and
30%, respectively, The practical effect of potentially widely varying parameters in
individual subjects is that 95% of the time the Css achieved m a subject is between 335
and 270% that of the target level. For drugs with low therapeutic indices, this is an
undesirably wide range. Those skilled in the art will appreciate, howcever, that once the
agent’s Cp {concentration in the plasma) is measnred, it is possible to estimate the values
of F, CL, and Vss divectly. This allows the clinician wo effectively fing tune a particular
subject’s dosing regimen.

Tu still other embodiments, the present invention contemplates that continuing
therapeutic drug monitoring technigues be used to farther adjust an individual’s dosing
methods and regimens. For exauple, in one embodiment, Css data is used s to further
refine the estimates of CL/F and 1o subsequently adjust the individual’s maintenance
dosing to achieve desired agent target levels using known pharmacoiogical principles and
equations. Therapeutic drug rwounitoring can be conducted at practically any time diwing
the dosing schedule. In preferred emabodiments, monitoring 1s carried out at multiple

time points during dosing and especially when administering intermittent doses. For
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exarnple, drug monitoring can be conducted concomitantly, within fractions of a second,
seconds, minutes, hours, days, weeks, months, efc., of administration of the agent
regardless of the dosing methodology emploved {e.g., intermitient dosing, loading doses,
maintenance dosing, random dosing, or any other dosing method). However, those
skilled in the art will appreciate that when sampling rapidly follows agent administration
the changes v agent effects and dynamics may not be readily observable because
changes in plasma concentration of the agent may be delaved {e.z., due o a slow rate of
distribution or other pharmacodynamic factors). Accordingly, subject samples obtained
shortly after agent administration may have limited or decreased valae.

The primary goal of collecting biological samples from the subject during the
predicted steady-state target level of administration is to modify the individual’s dosing
regimen based upon subsequently calculating revised estimates of the agent’s UL/F ratio.
However, those skilled in the art will appreciate that early postabsorptive drug
concentrations do not typically refiect agent clearance. Early postabsorptive drug
concentrations are dictated principally by the agent’s rate of absorption, the central, rather
than the steady state, volume of agent distribution, and the rate of distribution. Each of
these pharmacokinetic characteristics have lmited value when calculating therapeutic
long-term mamtenance dosing regimens,

Accordingly, in some embodiments, when the objective is therapeutic long-term
mamtenance dosing, biological samples are obtained from the subject, cells, or tissues of
mterest well after the previous dose has been adnunistered, and even more preferably
shortly before the next planned dosc is administered.

In still other embodiments, where the therapewtic agent 1§ nearly completely
cleared by the subject in the interval between doses, then the present invention
couternplates collecting biological samples fror the subject at varions time points
following the previous administration, and most preferably shortly after the dose was

administered.

Vil Repertaxin and Other Small Molecule CXCRI Inhibitors
In certain embodiments, the methods, kits, and compositions of the present

invention employ small molecule inhibitors of CXCR 1. One exemplary agent is



s
&

(a3
(53]

20

o
[ %33

repartaxin, 1o certamm ernbodiments, the in vivo dose of vepartaxin is between 3 and 60
mg per kilogram {e.g., 3 ... 30 ... 56 ... 60 me/kg). In particular embodiments, the dose of

repartaxin is about 30 mg per kilogram. The chemical formula for repartaxin is shown

below:
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In other embodiments, derivatives of the repertaxin are employed. Other stoall molecule
CXOR] antagonists inchude SB265610 (Gaxe SmithKliine Beechamy Benson et al., 2000,
151:196-197), as well as SCH 527123 (2-hydrogy-N N-dimethyl-3- {2-[[(R)-1-{5-
methylfuran-2-yDpropyliamine]-3 4-dioxocyclobut- L-euyiamino} benzamide (SCH
327123), an orally bicavailable CXCR2Z/CXCRI receptor antagonist (Schering Plough)).
Other small molecule inhibitors can be identified by the sereening methods described

ghove.

EXAMPLES
The following example is provided in order to demonstrate and further itlustrate
certain preferred embodiments and aspeets of the present invention and is not o be

construed as himiting the scope thercof.

EXAMPLE1
CXCR1 Identifies Cancer Stem Cells
This example describes the identification of CXCR1, as well as other proteins

(e.g., FBXOZ1), as cancer stem cell markers.

Cell eulture. Breast cell Hnes (BCL) were obtained from the ATCC

{"http//www.” followed by “lgepromochem-atee.com/common/catalog/ceiiBiology/

3
"~
L4



celiBiologyTndex.cfin™} or from collections developed m the laboratories of Drs. 8. Ethier
"http/fwww.” followed by “asterand.comv/asterand/BIOREPOSITORY
‘hbreasteancercelllines aspr, SUM44, SUMS2, SUM 149, SUMI159, SUM 8BS, SUMIS0,
SUM225, SUM229™), VI, Mobus (BrCa-MZ-01}, and V. Cairos (§68). All BCLs tested

5 were derived from carcinomas except MCE10A, which is derived from fibrocystic

(now available op

disease, and the HMEC-derived 184A 1, which was derived from normal wammary
itssue. The cell lines were grown using the recommended culture conditions. Al

experiments were done with subconfluent cells in the exponential phase of growth.

10 ALDEFLUOR assay and separation of the ALDH-positive population by FACS.
ALDH activity was assessed in 33 BCLs representing the main molecular subtypes of
human breast cancer. The ALDEFLUOGR kit (StemCell technologies, Durham, NC,
TSAY was used to isolate the population with high ALDH enzymatic activity {17}, Cells

obtained from subconfluent cell lines after trvpsinization or from freshly digsociated

Fot
iUy

xenografts were suspended in ALDEFLUOR assay buffer comtaining ALDH substrate

(BAAA, 1 umol/i per 1x106 cells) and incubated for 40 nunutes at 37°C. In each

experiment a sample of cells was stained under identical conditions with 50mmeol/L of

diethylaminobenzaldehyde (DEAB), a specific ALDH inhibitor, as negative control.

Flow cytometry sorting was conduocted using a FACStarPLUS (Becton Dickinson),

20 ALDEFLUOR fluorescence was excited at 488 nim and detected using standard
fluorescein tsothiocyanate (FITC) 530/30 band pass filter. For xenotransplanted tumors,
incubation with an anti-H2Kd antibody (B biosciences, [/200, 20 min on ice) followed
by 1 secondary antibody labeled with phycoervthrin (Jackson labs, 17250, 20 min on ice}
was nsed to eliminate cells of mouse origin, The sorfing gates were established vsing Pl

25 stamed eclls for viability, ALDEFLUOR -stained cells treated with DEAR, and those
stained with secondary aniibody alone. Prioy to RMA profiling or NOD/SCID mice
injection, the parity of sorted populations was checked using double sorting of 16,000
ALDEFLUOR-positive and negative celis in BrCa-MZ-01 and SUMI139 cell tines. For
both cell lines, sorted ALDEFLUOR-positive populations contained more than 98% of

30 ALDEFLUOR-positive cells and no ALDEFLUOR positive cells were datected in the

ALDEFLUOR-negative population,
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Tumorigenicity in NOD/SCID mice. Tumorigenicity of ALDELFUOR-positive, -
negative and wmseparated SUM159, MDA-MB-453 and Brla-MZ-01 cells was assessed
in NOD/SCID mice. Fat pads were cleared of epitheliom at 3 weeks of age prior to
puberty and hurpanized by injecting human fibroblasts (1:1 irradiated mon-irradiated,
50,006 cells/100u Matrigel/fat pad) as deseribed (17). The animals were euthanized
when the timnors were 1.2 cm in the largest diameter, in compliance with regulations for
use of vertebrate animal in research. A portion of each fat pad was fixed in formalin and
embedded in paraffin for histological analysis. Another portion was assessed by the

ALDEFLUOR agsay, followed by sorting and sertal transplantation.

Anchorage-independent culture. ALDEFLUQR-positive, -negative and
unseparated cells from 184A1, SUM149 and SUM139 were plated as single celis in ultra-
low attachment plates (Corning, Acton, MA) at low density (5000 viable celis/mi). Cells
were grown in seram-free mammary epithelial basal mediun (Cambrex Bio Science,
Walkerville, MD) for 3-7 days, as deseribed (18). The capacity of cells to form spheres
was guantified after treatment with different doses of 1L8 (GenWay Biotech, San Diego,

CA) added o the medium,

RNA extraction. Total RNA was extracted from frozen ALDEFLUQR-positive
and -negative cells using DNA/RNA Al Prep Maxi Kit, according o the manufacturer’s
instroctions {Qiagen, Sample and Assay technologics, The Netberlands), Eight BCLs
were used for transeriptional analysis: 184A1, BrCa-MZ-01, FICC1954, MDA-MB-231,
MDA-MB-453, SK-BR-7, SUM149, and SUMI15%. BRNA integrity was controlied by
denaturing formaldehyde agarose gel slectrophoresis and micro-analysis (Agilent

Bicanalyzer, Pale Alio, CA).

(rene expression profiling with DNA microarrays. Gene expression analyses used
Affymetrix U133 Plus 2.0 haman oligonucleotide microarrays containing over 47,000
granseripts and variants ncluding 38,500 well-characterized buman genes. Preparation of

¢cRNA, hybridizations, washes and detection were done as recommended by the supplier
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("http://www,” followed by "affyreetrix.com/index.affx”). Expression data were
analyzed by the RMA (Robust Maltichip Average) method in R using Bioconductor and
associated packages (19}, as described (26, 21). RMA did background adjustment,
guantile normalization and summarization of 11 oligonucleotides per gene.

Before analysis, a filtering process removed from the datasct genes with low and
poorly measured expression as defined by expression value inferior to 100 oaits in all the
16 samples, retaining 25,285 genes/ESTs. A second filter, based on the intensity of
standard devigtion (S}, was applied for unsupervised analyses to exclude genes showing
low expression variation across the analyses. 5D was calculated on log2-transformed
data, in which lowest values were first floored 1o a minimal value of 100 nnits, t.e. the
vackground intensity, retaining 13,550 genes/ESTs with 8D superior to 0.5, An
unsupervised analysis was done on 16 ALDEFLUOR-positive, -negative cells on 13,550
genes. Before hierarchical clustering, filtered data were log2-transformed and submitied
to the Cluster program (22) using data median-centered on genes, Pearson correlation as
similarity metric and centroid linkage elustering. Results were displayed using TreeView
program {22). To identify and rank genes discriminating ALDEFLUOR -positive and -
negative populations, a Mann and Whitney U test was applied to the 25,285 genes/ESTs
and false discovery rate (FDR, (23) was used to correct the multiple testing bypothesis,
The classification power of the discriminator signature was ilustrated by classifying
samples by hierarchical clustering. A LOOCY was applicd to cstimate the accuracy of
prediction of the Wentified molecular signatures and the validity of supervised analysis;
cach sample was excluded one by one and classified with the linear discriminant analysis

(I.DA, (24) by using model defived on the non-excluded samples.

Real-time RT-PCR. After ALDEFLUOR-positive and ALDEFLUOR-negative
popudations from different cell ines were sorted, total RNA was isclated using RNeasy
Mini Kit {QIAGEN) and wtilized for real-time quanutative RT-PCR (qRT-PCR) assays in
a ABI PRISM® 7900HT sequence detection system with 384-well block module and
automation accessory (Applied Biosystemns). Primers and probes for the Tagman system
were selected from the Applied Biosystems website. The sequences of the PCR primer

pairs and fluorogenic probes used for CXCR L, FBXOG21, NFYA, NOTCHZ, RADS1LI

78


http://vvwvv

b
(¥4

20

and TRP are avarlable on the Applied Biosvsterns website ({CXOR ] assay 1Dy

Hs 00174146 _mi; FBXO21 agsay ID: Hs 00372141 mi, NFYA assay ID:

Hs 00953389 my, NOTCH?2 assay ID: Hs 01030719 mi, RADSILT assay I
HsO0172522 rm, TBP assay 1D: Hs 00427620 mi). The relative expression mRNA
level of CXCRYE, FBXO21, NFYA, NOTCH2, RADSTLY was computed with respect to
the internal standard TBP gene to normalize for variations in the guality of RNA and the

amount of input cIINA,| as described previously (25).

Invasion assay. Assays were done in triplicate in transwell chambers with Sum
pore polycarbonate filter inserts for 12-well plates (Corning, NY). Filters were coated
with 30 ul of ice-cold 1:6 basement membrane extract (Matrigel, BD-Bioscience) in
DMEM/F12 incubated 1 hour at 37°C. Cells were added to the upper chamber in 200 ul
of serum-free medium. For the mvasion assay, 5000 cells were secded on the Matrigel
coated filters and the lower chamber was filled with 600 uf of medium supplemented with
10% human seram {Cambrex) or with 600 ul of seram-free medium supplemented with
IL8 (100ng/mL). After 48 hours imcubation, the cells on the underside of the filter were
counted using light microscopy. Relative invasion was normalized to the unseparated

corresponding cell lines under serum condition,

Lentiviruy infection. For luciferase gene transduction, 70% confluent cells from
HCC1954, MDA-MB-453, and SUM159 were mcobated overnight with a 1.3
precipitated mixture of lentivival supematants Lenti-LUC-VSVG (Vector Core, Ann
Arbor, MI) in coltwre mediom. The following day the cells were harvested by
trypstin/EDTA and subcultured at a ratio of 1:6. After | week incubation, cells were
sorted according to the ALDEFLUGR phenotype and luciferase expression was verified

n each sorted population (ALDEFLUOR-positive and ALDEFLUOR-negative) by
adding 2 ml D-luciferin 0.0003% (Promega, Madison, WIj in the culture mediom and

counting photon flux by device camera system {Xenogen, Alameda, CA

Inracardiac inocidation. Stk weeks-old NOD/SCID mice were anestherized with

2% isoftuorane/air mixture and injected in the heart left veniricle with 100,000 cells in
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100 pL of sterile Dalbeceo's PBS lacking Ca2+ and Mg2+. For each of the three cell
lines (HCC1954, MDA-MB-453, SUM159) and for each population (ALDEFLUOR-

positive, ALDEFLUCOR-negative and unsorted), three animals were injected.

Bioluminescence detection. Baseline biolnminescence was assessed before
inoculation and each week thereafter inovulations, Mice were anesthetized with a 2%
isoflnoranc/air mixture and given a single L.p. dose of 150 mg/kg D-luciferin (Promega,
Madison, WI) in PBS. Animals were then re-anesthetized 6 minutes after administration
of D-tuciferin. For photon flux counting, a charge-coupled device camera system
{Xenogen, Alameda, CA) was used with a nose-cone isofluorane delivery system and
heated stage for maintaining body temperature. Results were analyzed after 2 to 12
minutes of exposure using Living Image software provided with the Xenogen Imaging
system. Signal intensity was guantified as the sum of all detected photon flux counts
within a uniform region of interest manually placed during data postprocessing.
Normalized photon flux represents the ratio of the photon fhux detected cach week after

inoculations and the photon flux deiecied before inoculation.

Sratistical analysis. Results are presented as the mean £8D for at least three
repeated individual experiments for each group. Statistical analyses used the SPSS
software {version 10.0.3). Cosrelations between sample groups and moleonlar parameters
were caleulated with the Fisher’s exact test or the one-way ANOVA for independent
samples. A p-value *0.08 was considered significant.

The majority of breast cell lines contain an ALDEFLUQR-positive population.
The ALDEFLUOR assay {17) was used to solate CSC from 33 BCLs representing the
diverse molecular subtypes and features of breast cancer (20). 1t was found that 23 cut of
the 33 cell lines contained an ALDEFLUOR-posttive cell population that ranged from 0.2
to nearly 100%. AlL 16 basal/mesenchymal BCLs contained an ALDEFLUQOR-positive
population whereas 7 out of the 12 luminal BCLs did not contain any detectable

ALDREFLUQGR -positive cells (p=0.0006, Fischer’s exact test).
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ALDEFLUQGR-pasirive cells have tumorsphere-forming capacity, 11 has
previously been reported that mammary epithelial stem and progentior cells are able to
survive and proliferate in anchorage-independent conditions and form floatng spherical
colonies which are termed mammospheres (18}, Data from breast tumors, as well as cell
lines, have demonstrated that cancer stem-like cells or cancer-initiating cells can also be
isolated and propogated as “tumorspheres” in sinilar agsays (26). All mammosphere-
nitiating cells in the normal human mammary gland are contained within the
ALDEFLUOR-positive population {17}, To characterize the ALDEFLUOR-positive
population from BCLs, the ability of ALDEFLUQOR-positive and -negative populations
from 184ATL, SUMI49 and SUMI59 to form tumorspheres were compared. In each cell
ling, the ALDEFLUOR-positive population showed increased tumorsphere-forming

capacity compared to ALDEFLUOR-negative cells.

ALDEFLUGR-positive BCL cells have cancer stem cell properties in vivo. To
determine the hicrarchical organization of BCL, the stem ccll properties of the
ALDEFLUOR-positive and -negative populations of MDA-MB-453, SUM159, and
BrCa-MZ-01 cell lines were analyzed, The ALDEFLUOR-nositive populations of thesc

'\

three BCLs constituted between 3.5441,73% and 5.49+3.36% of the total cell populations
{Fig. 1A-B. G-H: Fig. ZA-B). Asshown in Fig. IF, L the size and latency of tomor
formation corrclated with the number of ALDEFLUOR -positive cells injected.
Rewmarkably, 5300 ALDEFLUOR-positive cells from MIDA-MB-4353 and 1,000
ALDEFLUOR-positive cells from SUMIE3Y were able to form tumors. The tumor-
generating capacity was maintained through serial pascages dernoustrating the self-
renewal capacity of these cells, In contrast, ALDEFLUOR-negative cells failed 1o
geverate tumors, although Hited growth was produced when 50,000 ALDEFLUOR-
negative MDA-MB-453 cells were injected. H&E staining of the fat pad sections
coufirmed that tumors formed by ALDEFLUOR-positive cells contained malignant cells
whereas only residual Matrigel, apoptotic cells and mouse tssue were seen at the sites of
ALDELFUOR-negative cell injections (Fig. 1E, K). Consistent with the ALDEFLUOR-
positive population having cancer stem cell characteristics, tumors generated by this

population recapitulated the phenotypic heterogeneity of the initial tumor, with a similar
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ratio of ALDEFLUOR-positive and -negative cells (Fig. 1C, T}, This indicates that
ALDEFLUOR-positive cells were able to selfirenew, generating ALDEFLUOR-positive
cells and were able to differentiate, generating ALDEFLUOR-negative cells.

When Brla~-MZ-01 cells were separated into ALDEFLUOR-positive and -
negative components, both were eapable of tamor generation. Tumors generated by the
ALDEFLUDR-positive population consisted of both ALDEFLUOR-positive and -
negative cells recapitulating the phenotypic heterogeneity of the titial tumor. In
contrast, tamors generated by ALDEFLUOR-pegative cells gave rise to slowly growing
tamors containing only ALDEFLUOR-negative cells. In contrast to the ability of
ALDEFLUOR-positive cells to be serially transplanted, serial passages of
ALDEFLUGR-negative tumors produced decreasing tumor growth with no growth
following three passages. This suggests that the ALDEFLUOR -positive component of
the BrCa-MZ-01 cells contain cells with stem cell properties, whereas the ALDEFLUOR-
negative cells contain progenitor cells able ©© undergo limited growth but not self-

renewal.

Gene expression profiling of ALDELFUOR-positive and -negative cell
papulations. To determine whether ALDEFLUOR-positive cells isolated from different
BCLs expressed a common set of “cancer stem cell” genes, the ALDEFLUOR-positive
and -negative cell populations isolated from cight BCLs (184A 1, BrCa-MZ-{1,
HCC1954, MDA-MB-231, MDA-MB-453, SK-BR-7, SUM49, and SUM 159} were
analyzed using Affymetrin whole-genome oligonacleoride microarrays. Unsupervise
herarchical clustering, apphied to the 16 samples and the 13,550 filtered genes/ESTs, did
not separate ALDEFLUOR-posttive and —negative populations. Instead, ALDEFLUOR-
positive and —negative populations clustered with the parental cell line. This suggests
that the differences in mRNA transcripts bevween clonal cell lines sapersede differences
between ALDEFLUOR-positive and ALDEFLUOR-negative cells. This further suggests
that only a limited number of genes are differentially expressed between putative cancer
stem cells and their progeny.

To determine which genes diseriminated ALDEFLUOR-positive and -negative

populations, the Many and Whitney U test was applied to all genes but those with low
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easured expression, 1.e, 25,285 probe sets. This test identified and ranked

after FDR correction, 413 genes/ESTs that discriminated the ALDEFLUOR-positive and

-negative cell populations. The 28 overexpressed genes corresponding 1o unigue genes

vl

are shown in Table 1, and the most frequently underexpressed genes are shown in Table
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The classification power of this discriminating signature was iltastrated by
classifying the 16 ALDEFLUOR-positive and -negative samples with the 413
differentially expressed genes/ESTs. Fierarchical clustering ranked 15 ount of the 16
sampiles (Fig. 2A},

A mumber of genes known to play a role in stem cell biology were upregulated in
the ALDEFLUOR-positive populations {Table 1), incloding NFYA, NOTCH2, PCNX,
RBMIS, ST3GAL3S, and TPRX L. Other genes encode proteins that have putative or
uncharacterized role in stem cell fuﬂcti(}n, such as ARIDIRB, RADSILL, and the
chemokine receptor CXCRI/MLSRA (27). Genes underexpressed in the ALDEFLUOR-
positive population are involved in cell differentiation, apoptosis, RNA splicing, and
mitochondrial metabolism.

To increase the stringency of analysis, the threshold of the Mann and Whitney
analysis was raised to the 0.5 risk and obtained a list of 49 genes/ESTs that discriminated
ALDELFLUOR-positive and -negative populations (genes with asterisk in Tables 1-2).
With this list, all of the ALDEFLUOR-positive cells, except from SK-BR-7, clustered
together. Among these 4% genes/ESTS, 45 corresponded to identificd unique genes; only
3 ot these 45 were overexpressed in the ALDEFLUOR -positive group while 42 were
underexpressed. Characterized overexpressed genes code for an F-box protein FRXO2t
and CXCRI/ML8RA, Underexpressed genes inchude those coding for mitochondrial
proteins (MRPL41, MRPLAZ, MRPLAY, MRPLS4, MRPS23, IMMPIL), and
differentiation (NACA) and pre-mRNA splicing factors (LSM3, pre-mRNA processing
factor PRPF39 and PRPFAB). Leave-one-out cross-validation (LOGCV) at 0.5% risk
estimated the accuracy of prediction of the identifier molecular signature and 88% of the
samples were predicted 1o the right class with this “cancer stewn cell signature”
confirming the supervised analysis,

Quantitative RT-PCR assessrnent confirmed a significant inorease of CXCRIT and
FRXO21 w ALDEFLUOR-posttive cells. Quantitative RT-PCR analysis of five
discriminator genes overexpressed in ALDEFLUGR-positive populations
(CXCRVILBRA, FBXOZ]I, NFYA, NOTCH?2 and RADSIL1Y was performed. Three cell
lines used in the profiling analysis (Br(la-MZ-01, MDA-MB-453, SUM159) and two

additional luminal cell ines (MCF7, 568) were sorted by ALDEFLUOR-assay an
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ALDEFLUOCR-positive and -negative populations were processed separately for
guantitative RT-PCR analysis. The guantitative RT-PCR expression level of CXCRI and
FBXO21 are presented in Fig. 2 B and C. Gene expression levels measured by
guautitative RT-PCR confirmed the results obtaived using DNA microarrays with an
increase of CXCRI and FBXO21 mRNA level in the ALDEFLUOR-positive population
compared (o the ALDEFLUOR-pegative population (p<0.05).

JLE promotes cancer stem cell self-renewal. The profiling studies suggested that
the 118 receptor CXCRIU/ILERA was consistently expressed in the ALDEFLUOR-
positive celf population. To confirm this association, the protein expression of
CXCRIVIL&RA was measured by flow cytometry in ALDEFLUOR-positive and -
negative populations. The ALDEFLUCR-positive and ~negative populations from four
different cell lines were isolated by FACS, fixed, and stained with a CXCR1 monoclonal
antibody labeled with phycoerythrin. As shown in Fig. 3A, ALDEFLUOR-positive cells
were highly enriched i CXCR-positive cells compared to the ALDEFLUOR-pegative
populations.

To determine whether 118 signaling is important in stem cell function, four BCLs
were treated with haman recombinant [L& to determine its effect on the cancer stem cell
population as measured by the formation of tumorspheres and by ALDH enzymatic
activity. As shown in Fig, 3B, addition of IL8 increased the formation of primary and

secondary fumorspheres in a dose-dependent manmer, Furthermiore, TLE inereased the
ALDEFLUOR-positive population in a dose-dependent manner in each of the four BCLs
analyzed (Fig. 3C). This illustrates the power of the “CSC signature” to identify

pathways that may pi&y a role in stem cell fonction,

The ILS/CXCRI axis iy involved in cancer stem celf invasion. The TLE/CXCRI
axis has been reported to play a role in cavcer stem cell invasion (28, 29). A Matrige]
invasion assay was utilized, using serium as atiractant, to examine the ability of
ALDEFLUOR-positive and -negative cell populations from three different cel lines
(HCC1954, MDA-MB-453, SUMT59) to invade, As shown in Fig. 4A, ALDEFLUOR-

positive cells demonstrated 6- to 20-fold higher invasion through Matrigel than the
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ALDEFLUQOR-vegative population {(p<0.01}. When used as a chemno-atfractant TLE (100
ng/ml} increased invasion of the ALDEFLUOR -positive cells {(p<0.03) (Fig. 4A). In
gontrast to its effects on ALDEFLUOR-positive cells, IL8 did not have any effect on the
invastyve capacity of ALDELFLUCR -negative cells. These results indicate that cancer

stem cells exhibited invasive behavior and furthermore that IL8 facilitates this process.

ALDEFLUQR-positive cells have increased metasiatic potential. Tt has been
proposed that USCs play a crucial role in cancer metastasis (30, 31}, The above
experiments demonstrated that ALDEFLUOR-positive cells have increased invasive
capacity compared to ALDEFLUOR-negative cells. To determine the relationship
hetween ALDEFLUOR-positivity and metastatic capacity, HCC1954, MDA-MB-453,
and SUM 159 were infected with a luciferase lentivirus reporter system, Luciferase-
infected cells were sorted nsing the ALDEFLUOR assay and introduced into NOD/SCID
mice by intracardiac injection. A suspension of 100,000 celis from each population was
mjected and metastasis was assessed by bioluminescent imaging. Mice inoculated with
ALDEFLUOR-positive cells developed metastases at different sites and displayed a
higher photon flux emission than mice inoculated with unseparated cells, which
developed no more than one metastasis per monse, or mice inoculated with
ALDEFLUOR-negative cells, which developed only occasional metastases Hmited to
Iymph nodes (Fig. 4B-J), Histologic scetions confirmed the presence of metastases at
these sifes (Fig. 4K-M). Thus, the metasiatic capacity of BCLs is predominantly

mediated by CSCs contained in the ALDEFLUOR-positive population.

The hypothesis that tumors are orgamzed in a cellular neravchy driven by CSCs
has fundamental implications for cancer biology as well as clinical implications for the
early detection, prevention and treatment of cancer. Evidence for CSCs hags largely velied
on primary and carly passage xenografl models (32-34), However, the success of
establishing breast tumor xenograft has been low particularly for certain molecular
subtypes, in contrast to primary tumors, cell Hoes are available in unlimited guantities
and provide only carcinomatons populations for molecular analysis without normal tissoe

and stroma. In breast cancer, a large number of immortalized cell lines have been
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produced which represent the different molecular subtypes found in primary human
breast cancers {2, 203 However, a fimdamental guestion remaius as to how closely these
cell lines are able to recapitulate the biology of human breast cancer.

I vivo evidence for stem cells in cell lines. Recent studies have suggested that
although cell lines may be clonaily derived, they contain a celinlar hierarchy representing
different stages of cellular differentiation. Several stodies have utilized markers such as
{D44+/CD24- 1o identify CSC within breast cancer cell lines. However, their otility is
Hmited by the observation that frequently a large percentage of cells within a cell line
express these putative stem cell markers. For example, greater than 909 of celis in basal
breast cancer cell lines display the CD44+/CD24- phenotype. Indeed, the CD44+/CD24-
phenotype did not solate the tumorigenic population of these cell lines (Ginestier et al.
Cell Stem Cell 1:555-567., herein incorporated by reference in its entirety). An
alternative approach has been to use the SP from cell lines, However, functional studies
utilizing Hoechst staining are limited by the toxicity of this agent (35). There is also
evidence that the functional stem cell activity is not contained within the SP(36)

ALDH activity assessed by the ALDEFLUOR assay isolates cells with stem celt
properties from various cancers (14, 37). In this Example it was demonstrated that 23 out
of 33 BCLs (predominantly basal cell lines) contain an ALDEFLUOR-positive
population. Lack of an ALDEFLUOR-positive population in some luminal BCLs may
indicatc that these luminal BCLs are derived from ALDEFLUOR-negative progenitor
cells,

This Example utilized in vivo assays in NOD/SCID mice 1o demonstrate the stom
cell properties of the ALDEFLUQR -positive populations., Self-renewal was
demonsirated by serial passage in NOD/SCID wice and differentiation was demonstrated
by the ability of ALDEFLUOR-positive but not ALDEFLUOR -uegative cells to

regenerate the cellular heterogeneity of the imtial tumor.

A breast concer stem cell signature. Utilizing eight breast cell Hnes, this Example
identified 413 genes whose expression discriminates ALDEFLUOR-positive and -
negative cells. This signatore contained a murnber of genes known to play a role m stem

cell biology. Genes overexpressed in the ALDEFLUOR-puositive population inclade
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Noteh homoleg 2 (NOTCH2), which regulates seifvrenewal and differentiation of
mamunary stem cells (18, 38), NFYA, known to regnlate self-renewal and differentiation
of stem cells. (39, 40}, pecanex homolog PONX, RBM15/0TT, which plays a pleiotropic
role in hernatopoietic stemn cells (41) and affects myeloid differentiation via NOTCH
signaling (42}, homeobox-like factor TPRXL mvolved in embryonic development,
STIGALZ, which codes for a stage-specific embrvonic antigen-4 synthase, associated
with fetal development and renal and gastric carcinogenesis {43). Notably, stage-specific
embiyvonic antigen-4 protein {SSEA-4) is expressed in stem cell populations such as
CXCR4+/CD133+/CD34+/lin- stem cells in human cord blood and guicscent mammary
stem cells (44),

(enes underexpressed in the ALDEFLUOR-positive population are involved in
cell differentiation, apoptosis, and mitochondrial oxidation. They include genes coding
for nascent polypeptide-associated complex alpha subunit RACA, programmed death
proteins FDCDS and PDCD 10, mitochondrial ribosomal protein L41 (MRPL41), which
induces apoptosis through PSS-éepcndem and independent manner via BCL2 and
caspases, and proteins involved in mitochondrial processes such as oxidative
phosphorylation (NDUFAZ, ATPSJ2, IMMP1IL) and protein synthesis in the
mitochondrion (MRPLA42, MRPL47, MRPLS54, MRPS23). Downregulation of apoptotic
genes in CUSCs may play a rofe in the resistance of these cells to radiation and
chemotherapy (45, 46), ALDHIAL was not identified as a differentially-cxpressed gene
in the ALDEFLUOR-positive signature. However, examination of gene expression
profile of individual BCLs revealed that although some showed differential expression of
ALDI AT w the ALDEFLUGOR-positive population, others showed differential
expression of ALDHTAS, a different ALDH isoform in this population. This suggests
that the expression of different ALDH isoforms could contribute o the ALDEFLUOR-
positive phenotype.

From chemokines to “stemokines.” The espression of CXCRI, a receplor for
L&, is inereased in a variety of cancers (47-50). Although 11L& expression is associated
with ER-negative breast cancer (51}, this chemokine has not previously been reported to
play a rofe in stem celi function. lts implication in the regulation of growth and

metastasis is well-established in androgen-independent prostate cancer {(52).
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Furthermore, the expression level of ILE is associated with tumorigenicity and metastasis
through VEGE production and angiogenesis {53, 54). The gene expression data was
validated in three ways. First, guantitative RT-PCR analysis confirmed a significant
increase of CXCRT mRNA in ALDEFLUQOR -positive population frow cell lines both
inclided and not inchuded in profiling analysis. Second, it was demonstrated using flow
cyvtometry that CXCR1-containing cells were found exclusively within the
ALDEFLUQOR-positive population. Third, recombinant IL8 increased mammosphere
formation and the percent of ALDEFLUOR-positive cells in BULs., The ILRACKCRI
axis thus appears to regulate mammary stem cell proliferation or self-rencwal, Since
endothehal and stromal ceils secrete ILE this chemokine appears to play arole in
mediating mteractions between tumor stem cells and the tumor microenvironment.
Recent studies have suggested a role for imterleukines/chemokines in the
regulation of CSCs (55, 56). This includes a role for IL6 in breast CSCs and 114 in
mediating chemoresistance of colon CSCs (56-59). These factors may be involved in the
association between inflanymation and cancer. This also includes a role for CCLS
(RANTES), a chemokine secreted by mesenchymal stem cells, which acts as a paracrine

factor and enhance breast cancer cells motility, invasion and metastasis(55),

The roots of metastasis, CSCs may be responsible for mediating tumor
mctastasis. A link between CSC and metastasis was first suggested with the
wdentification of stem cell genes 1o an [ 1-gene siguature generated vsing comparative
profile of metastastatic and primary tamors in wansgenic mousce model of prostate cancer
and capcer patients (60}, This signuture was also a powerful predictor of disease
recurrence, death after therapy and distant metastasis in a variety of cancer types, This
Example has demonstrated that ALDEFLUQOR -positive cells are muore metastatio than
ALDEFLUOR-negative cells and that 118, previously reported to play a role in tamor
metastasis, promotes the mvasion and chemotaxis of cancer stem cells which
preferentially express the IL8 receptor CXCRI1. The ability 0 isolate metastatic cancer
stem cell from cell lines should facilitate studies of the molecular mechanisms by which

cancer stem celis mediate turnor metastasis.
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EXAMPLE 2
CXCRT Inhibition and Combination Therapy
This example describes various methods employved to test the effect of CXCR]
inhibition on turmnor cells, as well as the combination of CXCR1 inhibition in combination

with an anti-mitotic agent {docetaxel).

Effect of CXCRI inhibition on the cell growth and on the ALDEFLUQR-positive
population of STUMISS cell line.

The SUM159 cell line was cultured in adherent condition and treated the cells
using the CXCRI/CXCR2 inhibitor Repertaxin or two specitfic blocking antibodies for
CXCRI or CXCR2. After 4 days of treatment, the effect on cell growth was analyzed
using the MTT assay {Figure SA} and on the cancer stemn cell population using the
ALDEFLUOR assay (Figure SB). More than 5% of cell growth inhibition was observed
in the cells treated with Repertaxin or the CXCRI blocking antibody, whereas no effect
was observed for the cells treated with the CXCR2 blocking antibody (Figure SA).
Interestingly sinular effect was observed on the ALDEFLUOR-positive population with a
decrease of 80% and 30% of the ALDEFLUOR -positive population in the cells treated

with Repertaxin and CXCR1 blocking antibody respectively (Figure 5B).

Repertaxin treatment induces a bvstander effect mediated by the FAS/FAS ligand
signaling

SUMIS59 cell Iine cells were cultured in adherent conditions and then treated with
Repertaxin alone or i combination with a FAS anfagonist. Tuterestingly, the cell growth
inhibition induced by the Repertaxin treatment was partially rescued by the addition of a
FAS antagonist {anti/Fas-ligand from B pharmingen {cat# 556371)). Moreover, the
cells treated with a FAS agonist displaved a similar cell growth inhibition than the cells
treated with Repertaxin, These results suggest that Repertaxin treatment induces a

bystander effect mediated by the FAS/FAS Hgand signaling.
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Effect of Repertaxin treatment on FAK, AKT and FOXOA3 activation.

In order to evaluate the effect of Repertaxin reatment on the CXCR1 downstream
signating, SUM159 cells were cultured, during 2 days, in adherent condition in the
absence or in presence of 100nM of Repertaxin and stained by immunoflucrescence with
antibodies against p-FAK, p~AKT, and FOXOAS. In the nop-treated cells (Fig. 7A), 1t
was detected that 30% of cells expressing p-FAK and 10% of cells expressing p-AKT
displayed inactivation, while cells treated with Repertaxin displayed a complete
inactivation of p-FAK and p-AKT (Fig. 78). The non-treated SUM 139 celis presented
80% of celis positive in the cytoplasm for FOXOAR. Inferestingly, SUMI159 cells treated

ith Repertaxin presented 809 of cells positive in the nuclens for FOXOAS, The change
in FOXOAZ cellular localation from the cytoplasm o the nucleus indicates an activation

of FOXOAZ protein,

Tumors growth curves following the treatment with Repertaxin, doceiaxel or the
combination
The effect of Repertaxin, docetaxel, or the combination thereof was evaluated

using one breast cancer cell lines (8A, SUM159) and three human breast cancer
xenografis generated from different patients (8B, MC1; 8C, UM2; and 8D, UM3}. For
each sampie, 50,000 cells were injected into the mammary fat pad of NOD-SCID mice
which were monitored for tomor size. Injections were started when the tumor size was

about 4 ram. Repertaxin was injected (15mg/Kg) twice a day for 28 days or once a week,
docetaxal was LP, injecied {1 0mg/Kg), or the combination (Repertaxin/Docetaxel) was
employved. Figure 8 shows the tumor sizes before and during the conrse of each indicated
treatment (arrow, beginning of the treatment). Similar results are chserved for cach
sample (SUM1358, MCL, UM2, UM3) with a statistically significant reduction of the
tumor size when treated with Docetaxel alone or the combination Repertaxin/Docetaxel
compared to the control {(p<€.01) whereas no significant difference are observed between

the growth of the control timors and the tumors treated with Reperataxin,
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Effect of Repertaxin, docetaxel, or the combination treatment on the concer stem cell
population as assessed by the ALDEFLUOR assay

ALDH activity was assessed by the ALDEFLUOR assay for analyzing the cancer
stemn cell populations size in each tumor (A, SUMIS9, OB, MC1, 9. UM2, 93, UM3)
ireated with Repertaxin, docctaxel or the combination. Similar results are observed for
each sample. Dovetaxel treated twnor xenografts showed similar or increase perceniage
of ALDEFLUOR-positive cells compare to the control, whereas Repertaxin treatwent
alone or in combination with docetaxel produced a statistically significant decrease in
ALDEFLUOR-positive cells with 65% t¢ 85% less cancer stem cells compare to the

control (p<0.01).

Effect of Repertaxin, docetaxel, or the combination treatment on the cancer stem cell
population as assessed by implantation in secondary miice.

Serial dilutions of cells obtained from primary tumors (10A. SUMI139, 108,
MCE, 10C. UM2, 10D, UM3) non treated (control} and {reated with Repertaxin,
docetaxel or the combination were implanted in the mammary fat pad of sccondary
NOD-SCID mice. Control and docetaxel treated primary tumors formed secondary
tumors at all dilutions whereas, only higher concentration of primary tumors treated with
Reperatxin or in combination with docetaxel were able form delayed secondary tumors
which were significantly smaller in size than the control or docetaxel treated tumors
(p=<0.01}. Moreover, 1000 and 100 prirmary freated cells with the combination failed 1o

form secondary tumors for 3 ouvt of 4 samuples (SUMIS9, UM2, UM3).

Repertaxin treatment reduces the merastatic potential of SUMIS9 cell line
A SUMI59 cell Hine was infected with a lentiviras expressing huciferase and
moculated 250,000 lociferase infected cells in the beart of NOLVSCID mice. The mice
were organized into two groups. The two groups of mice were treated 12 hours after the
intracardiac injection either with s.c. injection of saline sohution or s.c. ingection of
Repertaxin (1 5mg/kg), twice a day during 28 days. Metastasis formation was monitored
using bicluminescence mmaging (11B: Mice treated with saline solution; 11C: Mice

weated with Repertaxin). Quantification of the normalized photon flux measured at
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weekly intervals following inoculation revealed a statistically significant increase of
metastasis formation i the group of mice treated with saline solution compare to the

group of mice treated with Repertaxin (1 1A}

EXAMPLE3
Treatment of cancer stem cells by CXCRI blockade
This example demonstates the effect of CXCR1 inhibition on fumor cells, through

hotl in vitro assays and mouse models.

Disseciaiion of mamwmary tissue. 166-200 g of normal breast tissue from reduction
mammoplasties was minced with scalpels, dissociated enzymatically, and single cells
were cultured in suspension to generate manunospheres or on a collagen substratum in
adherent condition o induce celiular differentiation (Dontu et al, Genes Dev, 17:1253-

1270., herein mcorporated by reference in its entirety).

Cell culiure. Breast cancer cell lines were grown using recommended culture conditions
{Charate-fanifret et al, Cancer Res. 69:1302-1313, | herein incorporated by reference in
its entirety). Breast cancer cell lines were treated in adherent condition with repertaxin
(Sigma-Aldrich), anti-human CXCR 1 mouse monoclonal antibody (Clone 427035, R&D
systems), anti-human CXCR2 mouse monoclonal antibody (clone 48311, R&D systems},
anti-human CD93 mouse monoclonal aniibody (Clone DX2, BD Pharmingen) utilized as
a FAS signaling agonist, anti-human FAS-Ligand mouse monoclonal antibody (Clone
NOK-1, BD pharmingen) utilized as a FAS signaling antagonist, or with docetaxel

{Taxotere, Sanofi-Aventis).

ell viahiliry. For MTT assays, cells were plated in adherent condition in 96-well plates

5,600 cells per well, After one day, treatment with repertaxin was started. The effect of
repertaxin treatment on cell viability was estimated at different time points by addition of
260 ub of MTT solution (5 mg/mb in PBS) in each well. Cells were then incubated for |
hour at 37 °C fellowed by addition of 50 pl of DMSO to each well. Absorbance was

measured at 560 mm in a fluorescence plate reader (Spectraflvor, Tecan}, For TUNEL
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assavs, cells were plated in adherent conditions in f-well plates at 50,000 cells per well.
After one day, treatment with repertaxin was started. The number of apoptotic cells was
estimated after four days reatment. Cells were fixed in 3.7% formaldehyde and staimed
utilizing the TACS TdT kit (R&D systems). Nuclei were counierstained with
DrAPVantifade (Invitrogen). Scctions were examined with a fluorescont microscope

(Leica, Bannockbors, IL, USA) with apoptotic cells detected in green.

ALDEFLUQGR assay. The ALDEFLUOR kit {StemCell technologies) was used io isolate
the population with high ALDH enzymatic activity using a FACStarPLUS (Becton
Dickinson} as previcusly described (Ginestier ¢t al. Cell Stem Cell 1:555-567., herein
incorporated by reference in is entirety). In order to eliminate celis of mouse origin from
the xenctransplanted tumors, cell population was stained with an anti-H2Kd antibody
(B bioscienecs, 1/200, 20 min on ice) followed by staining with a secondary antibody

labeled with phycoerythrin (PE) (Jackson labs, 1/250, 20 min on ice).

ELISA assay. To measure the level of soluble FAS-ligand secreted in the culture medium
of cells wreated or not with repertaxin, Human sFAS Ligand Elisa (Bender Medsystens)
was ttilized. Absorbance was read on a spectro-photometer using 450 nm as the primary

wave length.

Western blotting. Cellg were lysed in a lacmmidi buffer and loaded onio SDS-
polyvacrylamide gels. Blots were incubated with the respeetive primary amtibodies difuted
in TBST (containing 0.1%Tween20 and 2% BSA) either overnight at 4o, or 2 hours at
roomt temperature, Blots were washed and incubated with appropriate secondary
avtibodies (GF Healtheare, UK} and detected using SuperSignal West Pico

Chemiluminescent Substrate {Pierce).

Immumostaining. For immunofluorescent staining, sorted CXCR -positive cells were
fixed with 93% methane! at -20°C for 10 minutes. Cells were rehydrated in PBS and
imcubated with respective antibodies at room temperature for 1 howr. Primary antibodies

used were P-FAK (150, Cell Signaling Technology), P-AKT (1:300, Cell Signaling
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Technology), and FOX03a (1:250, Celi Signaling Technology). Slides were then washed
and incubated 30 minutes with PE conjugated secondary antibodies {(Jackson labs). The
nucletr were counterstained with DAPVantifade (Invitrogen) and coverslipped. Sections
were examined with a fluorescent microscope {Leica, Bannockborn, IL, USA)L.
Immunohistochemistry for the detection of ALDHIT (1:100, BD biosciences), P-FAK, P-

", FOX(33a expression was done on paraffin section {Ginestier et al. Am. J Pathol.
161:1223-1233 ., herein incorporated by reference in its entirety). Staining was done
utilizing the Histostainplos kit (Zymed laboratories). Diaminobenzidine (DAB) or 3-
amine-9-cthyicarbazole (AEC) was used as chromogen and sections were counterstained

with hematoxylin.

Animal model. Tumorigenicity of ALDELFUQOR-positive/CXCR i -positive and
ALDEFLUOR -positive/CXCR 1 -negative SUM159 cells was assessed in NOD/SCID
mice {Ginestier et al. Cell Stem Cell 1:555-567., herein incorporated by reference in its
entirety}., The SUMIS9 celf line and three primary human breast cancer Xenografis
generated from three different patients (MC1, UM2, UM3) were utilized 1o determine the
efficicnoy of repertaxin treatment on tumor growth {Ginestier et al. Cell Stem Cell 1:555-
567., herein mcorporated by reference m its entirety). Cells from these umors were
transplanted orthotopically in the humanized cleared fat-pad of NOD/SCID mice, without
cultivation in vitro, Fat pads were prepared as described previousty (Ginestier et al, Cell
Stem Cell 1:535-567., herein incorporated by reference w its entivety). 50,000 cells from
cach senotransplants were injected i the humanized fat pad of NODY/SCID mice and
woontlored the tumor growth, When the tumor size was approximately 4mun, treatment
with vepertaxin alone (s.c., 15mg/Kg, twice a day, during 28 days), docetaxel alone (.p.,
10mg/Kg, once a week, during 4 weeks), in corabination (repertaxin/docetaxel), or a
control group mjected with saline (ip., once a week and s.c. twice a day, during 28 days)
was jottiated. The animals were euthanized when the tomors were approximately 1.5 om
in the largest diameter, to avoid tumeoer necrosis and in comphiance with regulations for
use of vertebrate animal in research. A portion of each fat pad injected was fixed in
formalin and embedded i paraffin for histological analysis. The rest of the tumor cells

were re-implantated into secondary NOD/SCID mice. Serial ditutions of cells were
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utitized for the re-implantation with ggection of 10,000, 1,000, and 100 cells for cach

treated tumor.

Anchorage-independent culture. BCLs treated, in adherent conditions, with repertaxin
{1000M), anti-CXCRI antibody (10pg/mi), or anti-CXCRZ (10ug/ml) were dissociated
and plated as single cells i pltra-low attachment plates (Corning, Acton, MAY at low
density (5,000 viable cells/ml}. Cells were grown as previously described {Charafe-
Jauffret et al. Cancer Res. 69:1302-1313., herein incorporated by reference in iis
entirety). Subsequent cultures after dissociation of primary tumorospheres were plated on
ultra-low attachment plates at a density of 5,000 viable cells/ml The capacity of ccils to
form tumorspheres was quantificd after the first (primary tumorospheres) and second

{secondary tumorospheres) passage.

RNA extraction and gRT-PCR. After SUM159 cells were treated, total RINA was isolatec
using RNeasy Mini Kit {{HIAGEN) and utilized for real-time quantitative RT-PCR {gRT-
PCR) assays in a ABI PRISM® 7900HT sequence detection system, Primers and probes
for the Tagman system were selected from the Applied Biosysterms website (www dot
apphedbiosystems dot com) (FAS-Ligand assay 1 Hs 00899442 mi; 11L& assay 1D

Hs (0174103 mi, TBP assay I Hs 00427620 mi). The relative cxpression mRN/
level of FAS-Ligand and IL8 was computed with respect to the internal standard THBP
gene to normalize for variations jo the quality of RNA. and the amonnt of input ¢DNA, as
deseribed previously (Ginesticr ¢t al, Clin, Cancer Res, 12:4533-4544., heved

mmcorporated by reference m ite entirety ).

Flow cytometry analysis. CD44/CT24/Lan staining was performed (Ginestier et al. Cell
Stem Cell 1:555-567., herein incorpovated by reference in its entivety). CDUS/FAS
staming were performed utilizing an anti-CD93 labeled APC (1:20, BD biosciences), For
CXCRT and CXCR2 staining, primary antibodies anti-CXCRIE (1:100, Clone 42705,
R&D systerns) and anti-CXCR2 (1100, clone 48311, R&D systems) were followed by &
staining with a secondary antibody anti-rpouse labeled with PE (dilution 1,250, Jacksoun

Labs). Fresh cells were stained with Lug/ml PI (Sigma} for 5 min for viability.
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Virus infection. Two different lentiviral eonstrocts were produced for the expression of
Luciferase gene (Lenti-LUC-VSVG) (Charafe-Jauffret et al. Cancer Res. 69:1302-1313.,
herein incorporated by reference in its entirety) and for the inhibition PTEN expression
(Lenti-PTEN-SIRNA-DsRed) (Korkava et al. PLoS Biolog. 7121000121, herein
incorperated by reference in its entirety), respectively. All lentiviral constructs were
preparved by the University of Michigan Vector. An adenoviral construct for the
overexpression of FAK {(AJ-FAK-GFP} was also utilized {(Luo et al. Cancer Res. 69:406-
474, herein incorporated by reference in its entirety). Cells infection with different
vectors was performed es previously described {Charafe-Jaufiret et al. Cancer Res.
69:13G2-1313., herein incorporated by reference in its entirety). Efficiency of infection

was verified by measuring the percentage of DsRed or GFP expressing cells,

Intracardiac inoculation. Six weeks-old NOD/SCID mice were anesthetized with 2%
isofluorane/air mixture and injected in the heart left ventricle with 250,000 celis in 100
ul of sterile Bulbecco's PBS lacking Cal2+ and Mg2+. For each of the three cell hines
{HCC1954, MDA-MB-453, and SUM 159} and for cach treatmnent (saline or repertaxin)
six animals were injected. Twelve bours after intracardiac injections, mice were begun on

twice per day repertaxin injections or saline for the controls,

Bioluminescence detection. Baseline biohumninesceuce was assessed before imoculation
and each week thereafter inoculations. Bioluminescence detection procedures was
performed ag previously described (Charafe-Jauffret et al. Cancer Res, 69:1302-[313.,
herein incorpotated by reference in its entirety ). Novmalized photon flux represeunts the
ratio of the photon flux detected each week afier inoculations and the photon flux

detecied before inoculation.

CXCRI expression subdivides cancer stem cell populotions. Identifving cell signaling
pathways that regulate cancer stem cells (CSC) provides potential therapeutic targets in a
cell population. A breast CSC signature based on gene expression profiling that contained

several genes potentially involved in breast USC regulatory pathways has been identified
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{Charafe-Jauffret et al. Cancer Res. 69:1302-1313., herein incorporated by yeference in
its entirety). Among the genes overexpressed in the breast CSC population, CXCR1 a
receptor that binds the promflammatory chemokine IL-8/CXCLE appeared to be a
promising candidate since recombinant 1L-8 stimulated the self-renewal of breast CSC
{Charafe-Jauffret ot al. Cancer Res, 69:1302-1313, berein incorporated by reference in
its entivety). Utilizing flow cytometry, CXCRI protein expression was meussured in the
breast CSC population as assessed by the ALDELFUOR assay in the buman breast
cancer cell lines HCC1954, MDA-MB-453, and SUM 139, Cells with fanctional stem cell
properties in NOD/SCID mouse xenographs were contained within the ALDEFLUQOR-
positive cell population {Charafe-Jauftret et al. Cancer Res. 69:1302-1313,, herein
incorporated by reference in its entirety). The TXCR {-positive population, which
represents less than 2% of the total population, was almost exclusively contained within

the ALDEFLUOR-positive population (SEE FIG.12A and Table 4).

TABLE 4.

ALDEFLUOR SXORT Overap CRCRUVALDEFLUCR

ey {%; {%}
Breast cancer cell Hnas
HCC 1554 343 133 004
MDA-MB-E53 222 g3 9%
SUSHES 524 58 (il
Hisvan hreast canoey
xenogiafts
Ot 12.3 1.8 1.32
LIRg2 84 1.23 )
1383 w7 G.84 878

CXCR2 expression was also assessed. CXCR2 is a receptor that can also bind IL.-
8/CX LR although with reduced affinity compared to CXCR1. In contrast o CXCR1I-
positive cells, CXCR2-positive cells were equally distributed between the

ALDEFLUOR-positive and ALDEFLUGR-vegative populations (SEE FIG 124). To
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determing the hicrarchical organization of the cancer stevn cell population according to
CXCR]I expression, ALDEFLUCR-positive/CXCR L-positive and ALDEFLUOR-
positive/CXCR I -negative cell populations were sorted and injected in NGD/SCID mice
(SEE F1G. 13). Both cell populations generaled tumors. Tumor growth kinetics
correlated with the latency and size of twnor formation and the number of cells mnjected,
Tumors generated by the ALDEFLUOR-posttive/CXCR I -positive population
reconstituted the phenotypic heterogeneity of the initial tamor upon serial passages
whereas the ALDEFLUOR-positive/CXCR -negative population gave rise 10 tumors
containing only ALDEFLUQGR-positive/CXCR 1-negative cells. These resnlts suggest that
<

CSC cellular hievarchy is organized according to CXCR1 expression, however both cell

populations displayed similar tumorigenic capacity.

CXCRI blockade decreases the breast cancer stem cell population in vitro. Three
different cell lines were treated with with repertaxin (100nM), a CXCRI1/2 inhibitor, to
evainate the effect of CXCRI1 blockade on the breast CSC population {Bertini ¢t al. Proc.
Natl. Acad. Sci. U. S A 161:11791-11796., herein incorporated by reference in its
entirety). For SUMI139, after three days of treatment a five-fold reduction in the
proportion of ALDEFLUOR -posttive cells was observed (SEE FIG. 12B). A similar
effect was observed after treatiment of SUM159 cells with an anti-CXCR1 blocking
antibody, In contrast, no effect was observed after treatment with an anti-CXCR2
blocking antibody, suggesting that the effects of repertaxin on the ALDEFLUOR-positive
population were mediated by CXCR1.

Daia from breast tumors, as well as cell lines, demonsirate that cancer stem-hike
cells or cancer-initiating cells can also be isolated and propagated as “tumorspheres” n
suspension culture (Ponti et al, Cancer Res. 65:5506-5511., herein incorporated by
reference in its entivety). After three days of treatment with repertaxin or with the anti-
CXCR/I blocking antibody, when cells were detached and cultured in suspension, an 8-
fold decrease in primary and secondary tumorsphere formation was observed compared
o controls. In contrast, anti-CXCR2 blocking antibody had uo effect on tumorsphere
formation (SEE FIG. 14},
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Surprisingly, afler five days of treatment with repertaxin we observed a massive
decrease in viability of the entire cell population as assessed by MTT assay, with only 3%
of cells remaining viable (SEE FIG. 120). Similar results were observed with the anti-

CXCR]1 blocking antibody but not the anti-CXCR2 bocking antibody, thus indicating
that this effect was dependent on CXCR1 blockade. This effect of repertaxin was delayed
with loss of cell viability beginning three days after treatment (SEE FIG. 15A).
Repertaxin treatment induced a similar effect on the HCC1954 byreast cancer cell bine
whereas no effect wag observed on MDA-MB-453 cells which harbor a PTEN mastation
{Hollestelle et al. Cancer Res. 5:195-201., herein incorporated by reference in its entirety)
(SEE FIG. 14, 15B-C, and 16).

Utilizing a TUNEL assay, SUMI1359 cells were stained after 4 days of treatment
with repertaxin and & massive decrease in cell viebility, due to induetion of apoptosis
with 36% apoptotic cells detected after repertaxin treatment, was observed (SEE FIG,
12D). Results sugeest that CXCR1 blockade results in a decrease of the breast CSC
population followed by induction of massive apoptosis in the remaining bulk twmor

population.

CXCRI blockade induces cell death in CXCRI-negative cells via o bysiander effect. The
gbservation that repertaxin or anti-CXCR 1 blocking antibody mduced massive cell death
despite the fact that the CXCR {-positive population represented less than 2% of the total
cell population suggesied that CXCR] blockade in CXCR I-positive cells mdueed
CXCRI-negative cell death via 4 bystander effect. The sorted CXCR I-posttive and
CXCR I-negative populations were treated with repertaxin (SEE FIG. 12E). Repertaxin
decreased cell viability in the CXCR I-positive population within three days whereas no
effect was ohserved in the CXCR | -negative population. Repertaxin mduced massive cell
death in onseparated cells. The effect of repertaxiv on cell viability of the unseparated
and CXCR I-positive populations was dose-dependent (SEE FIG. 12E). The resalts are
consistent with repertaxin treatment targeting the CXCR I-positive population that in turn
induces CXCR I-negative cell death via a bystander effect.

To determine whether this effeet was mediated by a soluble factor induced by

repertaxin, conditioned medium was collected from the CXCR1-positive population after
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three days of repertaxin treatment and dialyzed this mediwm utilizing a membrane with

5 KD exclusion in order to remove repertaxin from the medinm while retaining
molecuies larger than 3.5 KDa. The dialyzed conditioned mediom induced a massive
decrease in cell viability in both CXCRI-negative and unseparated populations but not in
the CXCR I-positive population (SEE FIG. 12F). These results demonstrate that CXCR
blockade in the CXCRE-positive population induces cell death in the CXCR 1 -negative
population viz a soluble non dialyzable factor. Although the CXCR I-positive population

is sensitive to repertaxin i is resistant to the dialyzrable death factor.

The bystander effect induced by CXCRI blockade is mediated by FAS-ligond/FAS
signaling. FAS-ligand/FAS interaction is activated in different physiologic states such as
mammary gland involiution or in conditions of tissue Er;imy including that induced by
chemotherapy {Chhipa et al. § Cell Biochem. 101:68-7%,, Song et al. § Clin. fnvest
106:1209-1220., herein incorporated by reference in their entireties). The level of soluble
FAS-ligand in the medium of SUMIS9 cells treated with repertaxin using an ELISA
Assay to evaluate the role of FAS-ligand/FAS interaction in mediating the apoptotic
bystander effect induced by CXCR ] blockade. More than a five-fold increase of soluble
FAS-ligand in the medium of cells treated for four days with repertaxin compared to non-
treated cells was observed (SEE FIG. 17A), The transcriptional regulation of FAS-ligand
by repertaxin freatment by measuring FAS-ligand mRNA level was confirmed by RT-
PCR (SEEFIG, 17B). A 4-fold increase of the FAS-ligand mRNA level in the repertaxin
reated cells was observed compared to non~-treated cells, Similar results were observed
after treatment with 3 FAS agonist that activaies FAS signaling, mdicating that FAS-
ligand is a target of FAS signaling generating a positive feed-back loop. 100% of the
SUMIS9 cells expressed FAS protein as determmed by flow cytometry, Treatment of the
SUMI59 celis with the FAS agonist reproduced the killing effect observed with the
eriaxin freatment with massive reduction in cell viabihty (SEE FIG. 17C). The effect
of repertaxin treatrient on cell viability was partially reversed by an anti-FAS-Ligand
blocking antibody, with 44% of cells remaining viable after treatiment with repertaxin and

anti-FAS-ligand antibody compared to only 3% with repertaxin alone (SEE FI1G. 170
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Results spggest that the massive cell death induced by repertaxin is due to a bystander
effect mediated by the FAS-Ligand/FAS pathway.

Treatment of SUM159 cells with the FAS agonist resulted in a ten-fold and three-
fold increase in the percent of CXCR1-positive and ALDEFLUCR-positive cells,

respectively (SEE FIG. 170/E and 18). The effects of repertaxin on both populations

¥y
were not rescued by anti-FAS-ligand (SEE FIG. 17IVE), suggesting that the
ALDEFLUOR-positive population that contains the CXCR 1 -positive population, while
directly sensitive to CXCR1 blockade which in turn induces FAS-Hgand production by
these cells is resistant to FAS-ligand/FAS pre-apoptotic signaling. In contrast, the
ALDEFLUOR-negative bulk cell population does not cxpress CXCR1 but is sensitive to
FAS-ligand mediated cell death.

FAS-ligand/FAS signaling plays an important role during mammary gland
invehition (Song et al. J Clin. Invest 106:1209-1220., herein incorporated by reference in
tis entirety}. The effect of CXCRI blockade on human normal mammary epithelial celis
obtained from reduction mammoplasties was examined. As observed in breast cancer cell
lines, CXCR1-positive normal mammary celis were ahmost exclusively contained within
the ALDEFLUOR-positive population (SEE FIG. 19A). To determine whether 11L-8
signaling is important in normal breast stem/progenitor function, normal mammary
epithelial cells cultured in suspension were treated with human recombinant IL-8 and

determined its effect on the CSC population as measured by the formation of

referenee in 1S entirety), Addition of TL-8 nereased the formation of primary and
secondary manunospheres m a dose-dependent manner (SEE FIB. 19B), suggesting that
the IL-8/CXCR1T axis may be involved in the regalation of normal mammary
siem/progenitor cells proliferation or self-revewal. Treatment with reperlaxin or the FAS
agonist had no effect on the viability of normal mammary epithelial cells cultured n
adherent conditions, even when high concentrations of repertaxin (3008M) were utibized
(SEE FIG. 16A}. However, as observed for breast cancer eell lines, an increase of soluble
FAS-ligand was detected in the wedinm of normal mammary epithelial cells treated with
repertaxin {SEE FIG. 208). This observation may be explamed by the absence of FAS

expression in the normal epithelial cells cultured under these conditions (SEE FIG. 20C),
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This ts consistent with studies that demonstrate that expression of FAS in the mammary
gland occuars only during the involution process following lactation (Song et al ¥ Clin.
Invest 106:1209-1220., herein meorporated by veference in its entirety). Tn contrast to its
Jack of effect on the bulk population of normal mammary epithelial cells, repertaxin
significanily decreased mammosphere formation by these cells (S8EE FIG. 20C).

These results suggest that the [L-8/CXCR1 axis plays an important role in the
regulation and the survival of normal and malignant mammary epithelial stem/progenitor
cell populations. The ability to affect bulk cell populations via a FAS-ligand mediated
bystander effect may relate to the level of FAS expression in these cells.

CXCR1I blockade effects on cancer stem cells are mediated by the FAK/AKT/FOXO3A
pathway. CXCR1 acts through a signal transduction pathway involving the
phosphorylation of the focal adhesion kinase (FAK) resulting in activation of AKT
{Waugh et al. Clin. Cancer Res. 14:6735-6741., herein incorporated by reference in its
entirety). To evaluate the impact of CXCR1 biockade on the FAK and AKT activation
the level of FAK and AKT phosphorylated protems was measured by western blot for the
three different cell hnes. For SUMIS9 and HCC1954, we detected a decrease in FAK
Tyr*?" and AKT Ser®” phosphorylation in cells treated with tepertaxin compared to
untreated cells suggesting that repertaxin effocts may be mediated by the FAK/ART
pathway (SEE FIGS. 21 A and 22). The obscrvation that MDA-MB453 is resistant to
reperiaxin treatroent may be explained by the presence of a PTEN mutation (919G>A)
that activates the PIBK/AET pathway (Hollestelie ¢t al. Mol Cancer Res, 5:195-201.,
herein incorporated by reference tn its entirety). No modification in FAK Tyr3 7 and AKT
Ser™™ phosphorylation was detected after repertaxin treatrent in MDAMB433 cell lne
{8EE FIG. 22). To confirm a functional role of the FAK/AKT pathway in mediating the
effects of the CXCRY blockade, two viral constructs were used, one knocking down
PTEN expression via a PTEN shRNA and the other leading to FAK overexpression.
PTEN, through its limd phosphatase antagonizes PI3-K/AKT signaling (Vivanco et al,
Mat. Rev. Cancer 2:489-501., herein incorporated by reference in its entivety). PTEN
knockdown resulted in AKT activation as demonstrated by an increase of AKT Ser™”

phosphorylation (SEE FIGS. 21A and 22). PTEN knockdown blocked the effect of
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repertaxin treatment on FAK and AKT activity, FAK overespression also blocked the

effects of repertaxin and induced an activation of FAK and AKT, measured by increased

expression of FAK "1“3fr397 and AKT Ser'™ phosphoryiation. These resulis indicate that
SXCR] blockade effects are mediated by FAX/AKT signaling,

Utilizing tmumanofhuovescence staining on CXCR1-positve celis confirmed that
reperiaxin treatment results in a dramatic decrease of phospho-FAK and phospho-AKT
expression compared to untreated cells (SEE FIG. 218). AKT regulates the activity of the
forkhead transcription factor FOXO3A via a phosphorylation event resulting in
cytoplasmic FOXO3A sequestration (Brunet et al. Mol. Cell Biol. 21:952-9635., herein
incorporated by reference in ifs entirety}. In contrast, the non-phosphorylated form of
FOXO3A trapsits to the nucleus where it acts as a transcription factor that regulates the
synthesis of FAS-ligand (Jonsson et al. Nat. Med. 11:666-671.), herein incorporated by
reference in its entirety, Repertaxin induces cell death via a FAS-Hgand mediated
bystander effect; the effects of repertaxin on this signal transduction pathway were
examined by immunofinorescence staining. FOXO3A was present 1n a cytoplasmic
localization in untreated cells but shuttled to the nucleus upon repertaxin treatment (SEE
F1G. 21B). This indicates that CXCR 1 blockade nduces FOX O3 A activity through
inhibition of the FAK/AKT pathway. Cells with PTEN deletion or FAK overexpression
display a high level of phospho-FAK and phospho-Akt expression, detected by
immunofiuorescence, in both repertaxin-treated and untreated cells. Repertaxin treatment
did not indoce FOXO3A activation in cells with PTEN deletion or FAK overexpression,
as shown by the cytoplasmic location of FOXO3A (SEE FIG. 21B).

Az a consequence of the constitutive activation of the FAK/AKT pathway, cells
with PTEN deletion or FAK overexpression displayed resistance o repertaxin treatment,
Cells with PTEN deletion or FAK overexpression did not display any decrease 1o cell
viability with repertaxin treatment. It has been proposed that AKT signaling plays a
critical role in the biclogy of CSC (SEE FIGS. 2B and 22) (Dubrovska et al. Proc, Natl

Acad. Sci. UL § A 106:268-273., Korkaya et al. PLoS Biolog. 7:¢1000121,, Yilmaz et al.

Nature 441:475-482 ., herein incorporated by reference in their entireties). Activation of

the FAK/AKT pathwav blocked the repertaxin effects on the USC ponulations, as shown
the FAK/AKT pathway blocked the repert effects on the USC populations, as showy

by the maintenance of the ALDELFUOR-positive populations after treatment with the
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uthibitor (SEE FIG. 21B). All the resulis indicate CXCRI blockade directly affects the
FAR/AKT/FOXO3A pathway. Repertaxin treatment inhibits AKT signaling which is
erucial for CSC activity and subsequently induces a bystander effect on the bulk tumor

cells mediated by CSC-generated FAS-ligand,

Repertaxin treatiment reduces the breast cancer stem cell popuiation in vive. Recent
evidence suggests that breast CSC are relatively resistant fo chemotherapy and radiation
and may contribuie fo tumor regrowth following therapy (Phillips et al. J Natl. Cancer
Inst. 98:1777-1785., Yuetal. Cell 131:1109-1123., Li et al. J Nath. Cancer Inst. 103672~
679., herein incorporated by reference in their entireties). The CSC concept suggests that
significant improvements in clinical outcome will require effective targeting of the CSC
population (Reya et al. Nature 414:105-111,, hercin incorporated by reference in its
entirety). Several factors are synthesized and secreted during the apoptotic process when
the bulk tumor cells are targeted by chemotherapy. Among these factors, FAS-ligand
amplifies chemotherapy effects by mediating a bystander killing effect (Chhipa et al.
Cell Biochem. 101:68-79. herein incorporated by reference in its entirety ). Chemotherapy
may also induce 1L-8 production in injured cells, The commonly utilized
chemotherapentic agent, docetaxel, induced both [L-8 and FAS-ligand mRNA i
SUMI59 celis (SEE FIG. 10a/B), We also detected a 4-fold increase of 1L-8 mBNA level
after FAS agonist treatment (SEE FIG. 10B), We have shown that 1L-8 18 able to regulate
the CSC population. This indicates that the addition of repertaxin fo cyfotoxic
chemotherapy may block this effect and 1arget the cancer siem cell population,

The SUMI 59 cell Hine and three primary buman breast cancer xenografis
generated from three different patients (MCL, UM2, UM3) were nsed 1o explore the
efficiency of repertaxin ireatment on tonor growth, Cells from these tumors were
transplanted orthotopically into the humanized cleared fat-pad of NOD/SCID mice,
without culiivation in vifro, For cach of these xenotrassplants the CSC population was
exclusively costained within the ALDEFLUOR-positive population {Ginestier et al. Cell
Stem Cell 1:555-567., Charafe-Janftret et al, Cancer Res. 69:1302-1313, herein

incorporated by reference in their entiveties). In each of the twuors, the CXCRI-positive
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population was almost exclusively contajped within this ALDEFLUOR-positive

population (SEE Table 5) and the PTEN/FAK/AKT pathway is activated (SEE FIG. 253,

Table 8

ALOEFLUOR CHRORY Theatap CXURTALDEFLUOR

%} {%} %63
Bregst cancer cofl Hines
HCn14sd 3.42 172 .93
ADA-RB-453 332 8.8 9.5
SUMTSS 5234 0.52 .49
Human breast cances
sennyrafts
kSO T 133 157 133
LIM2 84 123 G808
U3 Q.7 .84 78

50,000 cells from each xenofransplant were injected info the bumanized fat pad of
NOD/SCID mice and monitored taroor growth, When the tamor size was approximately
4mim, freattnent was injtiated with repertaxio alone (15my/Kg, twice a day, during Z8
days}, docetaxel alone (10mg/Kg, once 3 week, during 4 weeks), or a combination of
both drugs. Tumor growth was compared {0 saline injected controls, For each
xenotransplant, a significant inhibition of tumor growth indueced by docetaxel treatment
or the combination reperiaxin/docetaxel was observed {SEE FIGS 264 and 27).
Repertaxin treatment alone had a woderate ympact on tomor growth, After four weeks of
treatment, animals were sacrificed and the restdual tumors were analyzed utilizing the
ALDEFLUOR assay. Residual tumors freated with docetaxel alone contained either an
unchanged or increased percent of ALDELFUOR-positive cells compared to untreated
controds (SEE FIGS 268 and 27). In contrast, repertaxin treatment alone or in

combination with docetaxel reduced the ALDEFLUOR-positive population by over 75%
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(SEE FIGS 268 and 27). The resulis were confirmed by fromuonohistochemistry of
ALDHI expression in the different xenotransplants. A decrease in ALDH-positive cells
was detected in repertaxin-treated twnors compared to anireated tumors, whereas the
percent of ALDH L-positive cells was unchanged or inereased in tiumors treated with
docetaxel alone (SEE FIGS 26D).

The presence of CD44/CD24" cells in these tumors was evaluated. Markers have
previously been shown to be expressed in breast cancer stem cells (Al Haji et al. Proe.
Nath Acad. Sci. UL S A 100:3983-398%., herein incorporated by reference in it entirety).
The overlap between the CD44'/C24 phenotype and CXCRI expression was measured.
CXCRI-positive cells were present in the CD44-+/CD24- cell population and the cell

population expressing CD24 or CD44-negative (SEE Table 6).

Table 6
LIRS SR CRCRT Dwverep CL24CDSAHOXCR T
%} %)
Human breast cancer
xergrafts
fRCT 3.8 tRA) 4.5
L2 37 1.2 33
UM 4.5 g.8 4.2

In residual tumors treated with docetaxel alone, either an unchanged or increased percent
of C447/CD24" cells was observed, whereas repertaxin treatment alone or in
combination with docetaxe! resulted in 2 reduction of the CD447/CD24" cell population
(SEE FIG 28}

A functional in vive assay consisting of re-implantation of eelis from treated
tamors inte secondary NODY/SCID mice provided a direct test assessing the tumor-
initiating and sclf-renewal capacity of CSC remaining after treatment. Tumor cells
derived from contred or docetaxel-ireated animals showed similar fumor regrowth at all
dilutions in secondary NOD/SCID mice. In contrast, repertaxin treatment with or without

docetaxel, reduced tumor growth in secondary recipients (SEE FI1G. 26C). When equal
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numbers of cells were injected, those from repertaxin-treated animals showed a 2-3-fold
redhuction in tumor growth compared to cells from control or docetaxel-treated animals
(SEE FIG. 26C). For each xenotransplant model, 1000 or 100 tumor celis obtained from
animals treated with a combination of repertaxin and docetaxel failed to form any
secondary tumors in NOD/SCID mice (SEE FIG. 26C, 27, and Table 7). These studies

demonstrate that repertaxin treatment specifically targets and reduces the CSC

pomulation.
Table 7
Tumorsiinjactions
number of cells inlected
WA smss0 zEs 1000 590 50 100
N
Confrot B8 242 ——— 58 —— - Gig
Repertaxin 4i4 R 202 48 143 2 o
Docetaxel 22 444 252 i A4 =3 8
RepertaxiniDiocetansd 22 24 272 1% 1id oIS 3525]

Reperiaxin treatment inhibits FAK/AKT signaling and activates FOXO3A in vivo. The
expression of phospho-FAK and phospho-AKT was examined by immunohistochemistry
in cach of the xenotranpsplants after treatment. Membranous phospho-FAK expression
was detected in 50% of cells from the control and docetaxel-treated tumors whercas the
phospho-FAK expression was abolished in the tumors treated with repertaxin alone or in
combination with docetaxel (SEE FIG, 26D). Similar results were observed for the
phospho-AKT expression, with 70% of ¢clis expressing phospho-AKT in the untreated
turnors, 20% phospho-AKT-positive cells in docetaxel-treated tumors and a complete
nhibition of phospho-AKT expression in the tumors weated with repertaxin alone or in
combination with docetaxel (SEE FIG. 26D, Nuclear FOXO3A was detected in the cells

frow the tunors treated with docetaxel alone, repertaxin alone, and the conbination
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repertaxin/docetaxel. These in vivo data are consistent with the in vifro data and confirm

that repertaxin treatment inhibits FAK/AKT signaling and activates FOXO3A.

Repertaxin treatment veduces the development of svstemic wetastasis. To determine
whether repertaxin reduces systemic metastasis we infected HCC1954, MIDA-MB-453,
and SUMI 59 breast cancer cell lines with a huciferase lentivirus reporter system and
ntroduced the cells into NOD/SCID wmice by intracardiac injection. A suspension of
250,000 cells for each cell line was injected and metastasis formation was monitored
once per week by bioluminescent imaging. Twelve hours after intracardiac injection,
mice were treated twice per day by repertaxin injection or saline for the controls.
Repertaxin treatinent in mice injected with HCC1954 and SUM159 cells significantly
reduced metastasis formation with a lower photon flux emission in the treated compared
to the untreated mice (SEE FIG. 29A/B). Histologic sections confirmed the presence of
metastases at several sites in untreated animals (SEE FIG. 29D). Repertaxin treatment
did not have any effect on metastasis formation i mice injected with MDA-MB-453
cells (8EE FiG. 29C). The photon flux emission and the number of animals that
developed metastasis were similar in both repertaxin-treated and untreated group. This
result is consistent with data that described MDA-MB-453 as a cell line resistant to
repertaxin due fo the presence of a PTEN mutation. These results indicate that CXCR1
blockade with agents such as repertaxin may be able to redoce metastasis which is
mediated by the CSC population (Charafe-Jauffret et al. Cancer Res, 69;1302-1313.,

herein incorporated by reforence in its entitety).

Experirnents conducted during developisent of emabodiments of the present
invention indicate that cellular subcomponents with stern cell properties drive turnor
growth and metastasis Visvader et al, Nat. Rev, Cancer 8:755-768., herein incorporated
by reference in s entirety), By virtue of their relative resistance 1o current therapeutic
modalities, these cells may contribute to treatment resistance and relapse (Reva et al.
Nature 414:105-111., herein incorporated by reference in its entirety}. The present
mnvention provides an approach based on blocking the CXCR 1 cytokine receptor, which

is expressed on breast cancer stem cells, to effectively target the cancer stem cell
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population and 1o improve therapeutic outcome. Experiroents conducted during
development of embodiments of the present invention in a number of systems have
demomsirated that cytokine networks play an important role in tumorigenesis. There is
evidence that several of these cytokines may regulate stem cel behavior. I1.-4 is capable
of reguiating self-rencwal of pancreatic cancer stem cells and H.-6 of regulating cancer
stem cells i colon and breast cancer {(Todaro et al, Cell Stem Cell 1:389-402,, Sansone et
al. ¥ Clin. Invest [17:3988-4002,, herein incorporated by reference in their entiveties).
The role of 1L-8 in mediating tumor invasion and metastasis has previously beer
demonstrated {Waugh & Wilson. Cancer Res. 14:6735-6741., Inoue et al. Clin. Cancer
Res. 6:2104-2119., herein incorporated by reference in their entireties). in addition, JL-8
increases neural stem cell self-renewal during wound healing in the brain (Beech et al. J
Neuroimmunol. 184:198-208,, herein incorporated by reference in its entirety). Lung
cancer stem cells were described as expressing the chemokine receptor CXCRI (Levina
et al. PLoS. ONE. 3:23077., herein incorporated by reference in its entirety). Experiments
conducted during development of exnbodiments of the present invention demonstrated
that the CXCR | -positive population is almost exclusively contained within the
ALDEFLUOR-positive population in breast cancer cell lines and primary xenografts as
well as in normal mammary cells. The chemokine receptor is overexpressed in
ALDEFLUOR-positive breast cancer cell populations {(Charafe-Jauffret et al. Caneer Res.
69:1302-1313,, herein incorporated by reference in its entirety). In breast cancers, IL-8 is
produced m the fumor microenvironiment by a number of cell types mcluding
nflammatory cells, vascular endothelial cells, tomor-associated fibroblasts and
mesenchymal stem cells (Waugh et al. Clin. Cancer Res. 14:6735-6741., herein
incorporated by reference in s sutirety). Cytokine networks mediate mteraction between
these cell types, therefore cancer stem cells can be targeted through the blockade of the
IR receptor CXCRI.

Utilizing in vitro assays, it was demonstrated that CXCRT but not CXCRZ (an
alternative 1L-8 receptor) blockade reduced the breast cancer stewn cell population. This
was followed by induction of apoptosis in the entire remaning cell population, which
lacks CXCRI expression. In addition to CXCR] blocking antibodies, experiments

N N

performed during development of embodiments demonstrate that repertaxin, a CXCR1/2
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nhibitor, induced similar effects by targeting the CXCR [~positive population. In contrast
to its direct effects on the CXCRI-expressing cancer stem cell population, repertaxin had
no direct effect on the bulk tumor cell popalation that lack CXCR1 expression. This
indicates that CXCR1 blockade in CXCR-positive cells induced cell death in CXCRI-
negative cells vig a bystander effect. Experimonts described hereln domonstrate that the
FAS-igand/FAS pathway 1s the mediator of this bystander killing effect. This
phenomenon explaing the efficacy of repertaxin treatment in inducing massive apoplosis
in the entire cell population despite the {act that the CXCR L-positive population
represents less than 1% of the cell population. The role of FAS-ligand was demonstrated
by the effective blocking of bvstander killing by anti-FAS-ligand antibody.

Experiments conducted during development of embodiments of the present
invention indicate that similar cytokine interactions may ocour in tumors exposed o
cytotoxic chemotherapy, Chemotherapy may directly induce cellular apoptosis in
differentiated tumor cells as well as inducing the production of FAS-ligand by these
dying cells that in turn induces apoptosis in surrounding tamor cells via a FAS mediated
bystander effect. Concomitant with the production of FAS-ligand, these mjored cells also
secrete inorcased levels of 1L-8 in a process resembling mammary invoelution or wound
healing. As is the case in the involuting mammary gland. this 11L-8 may stimulate breast
cancer stem cells as well as protecting them from apoptosis. This may contribute to the
relative increase in cancer stem cclls observed after chematherapy in preclinical models
{4}y and neo-adjuvant clinical irials (§). The effects of chersotherapy on apoptosis and
selfrencwal pathways in tfumors are shown in Figure 30,

To determine whether CXCR I blockade could target breast cancer stem celis in
vivo, the effects of the cytotoxic agent docetaxel were compared with repertaximn ou the
cancer stem cell compartment and on fumor growih i NOD/SCID muce. Docetaxel is one
of the most effective chemotherapeutic agonis corrently used to treat women with breast
cancer, The caneer stem cell populations were assessed by the ALDEFLUOR assay and
by serial transplantation in NODYSCID mice. Utilizing these assays it was defermine
that chemotherapy treatment alone resulted in either no change or a relative norease in
the cancer stem cell populations. In contrast, repertaxin treatment alone or with

chemotherapy significantly reduced the cancer stem cell population. Despite the
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significant redoetion io the twsor-initiating populations, use of repertaxin alone did not
result in significant tumor shrinkage. The combination of repertaxin plus chemotherapy
resulted m significant reduction in tamor size as well as in the cancer stem cell
population. Combining these agents to target both cancer stem cells and bulk twmor cell
populations maximizes the efficacy of these treatments,

To elucidate the mechanism of action of repertaxin, the pathways downstream
from CXCRY were analyzed. The inferaction between CXCORE, FAK and AKT was
confirmed. CXCRI blockade acts specifically through FAK and AKT activation.
Experiments conducted during development of embodiments of the present invention
indicate that AKT activation regulates normal and malignant breast stem cell self-renewal
through phosphorylation of GSK38 resulting in the activation of the WNT pathway
{Korkaya et al. PLoS Biolog. 7:¢1000121, hercin incorporated by reference in its
entirety). These results indicate why cells with PTEN knockdown are resistant to
repertaxin. An additional function of AKT is the regulation of cell survival through
phosphorylation of the forkhead transcription factor FOXO3A. AKT phosphorylation of
FOXG3A results in its cytoplasmic sequestration, In contrast, it was demonstrated that
CXCRI blockade leads to decreased AKT activation resulting in the translocation of
FOXO3A 1 the nucleus whenee it induces a number of gencs including FAS-ligand
{Jonsson ef al. Nat. Med. 11:666-671., herein incorporated by reference in its entirety).
FAS-ligand induced via CXCR I blockade in torn is responsible for the obscrved
bystander killing effects {SEE FIG. 30).

In addition to its role in CXCR1 signaling, FAK mediates the interactions of cells
with extracellular matrix componeuts throngh infegrin receptors {Waugh et al. Clin,
Cancer Res. 14:6735-6741., hercin incorporated by reference in its entirety), FAK
signaling plays a role inregolating the setf-renewal of normal and malignant mouse
mammary stem cells o ransgenic models (Luo et al. Cancer Res, 69:466-474. herein
meorporated by veference in jts entirety ). FAK activation also promotes cell sorvival by
blocking FADD and RiP-mediated apoptosis (Kurenova et al, Mol, Cell Biol. 24:4361-
4371., Xu et al. J Biol. Chem. 273:30597-30604., herein incorporated by reference in
their entireties). This provides an explaination for the resistance of the cancer stem cell

population to the FAS/FAS-ligand induced apoptosis,

Sosaa
Sanae
[¥S]



g

g
[543

N
w1

1

1t has been demonsirated that breast cancer stem celle play an important role
fumor invasion and metastasis {Croker et al. J Cell Mol. Med. 2008, Charafe-Jauffret et
al. Cancer Res. 69:1302-1313., herein incorporaied by reference in their entiveties). It is
shown herein that {L-8 and CXCR1 also play important roles in these processes. The
effects of CXCRY blockade was analyzed utilizing repertaxin on the formation of
experimental metastasis, It was demwonstrated that CXCRI blockade reduces the
development of metastasis when administered subsequent to intracardiac injection of
breast cancer cells.

Clinical studies ntilizing repertaxin have demonstrated a lack of toxicity.
Strategies atmed at interfering with cytokine reguiatory loops such as IL-8 and CXCR1

represent methods to target breast cancer stem celis.
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All publications and patents mentioned 1 the above specification are herein
incorporated by reference. Varions modifications and variations of the deseribed method
and system of the fnvention will be apparent 1o those skilled in the art without departing
from the scope and spirit of the invention. Although the invention has been described
connection with specific preferred embodiments, it should be understood that the
invention as claimed should not be onduly limited to such specific embodiments. Indeed,
vartous modifications of the described modes for carrying out the invention that are
obrvious o those skilled in the relevant fields are intended 1o be within the scope of the

present invention.
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CLAIMS
We claim:

1. Use of a CXR1 antagonist or a IL8-CXCR1 signaling pathway antagonist in association with

a chemotherapeutic in the preparation of a medicament for treating a subject having a tumor.

2. Use as claimed in claim 1, wherein said tumor comprises cancer stem cells selected from the
group consisting of: prostate cancer stem cells, ovarian cancer stem cells, breast cancer stem cells,
skin cancer stem cells, non-small cell lung cancer stem cells, small-cell lung cancer stem cells, and

esophageal adenocarcinoma stem cells.

3. Use as claimed in claim 1 or claim 2, wherein said CXCRI1 antagonist or IL§-CXCR1

signaling pathway antagonist is Repertaxin or a Repertaxin derivative.

4. Use as claimed in any one of the preceding claims, wherein said CXCR1 antagonist or IL8-

CXCRI signaling pathway antagonist comprises an antibody or an antibody fragment.
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ABSTRACT
ANTI-CXCR1 COMPOSITIONS AND METHODS

The present invention provides methods of treating cancer by administering an IL8-CXCRI
pathway inhibitor (e.g., an anti-CXCR1 antibody or Repertaxin) alone or in combination with an
additional chemotherapeutic agent such that non-tumorigenic and tumorigenic cancer cells in a
subject are killed. The present invention also provides compositions and methods for detecting
the presence of and isolating so]id tumor stem cells in a patient (e.g., based on the presence of

CXCRI1 or FBXO21).

Figure for publication: None
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