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ANTLROXCRI COMPOSITIONS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims priovity to U.S. Provisional Patent Application Wo,

61/113,458, filed Noverber 11, 2008, hereby incorporated by reference in its entirety.

ST ATEMENT REGCARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

This invention was made with government support under grant numbers
CA66233, CALI0I860, and 5 P 30 CA46592 awarded by the NIH, The government has

certain rights in the invention.

FIELD OF THE INVENTION

The present invention provides methods of treating cancer by administering an
{LE-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 kiled. The present invention also provides
compositions and methods for detecting the presence of and isolating solid tumor stem

cells n a patient (e.g., based on the presence of CXCRI or FBRX(OZ11.

BACKGROUND

Cancer remains the number two canse of mortality in this country, resulting in
over 500,000 deaths per year. Despite advances i detection and treatment, cancer
mortality remains high, Despite the rernarkable progress in understanding the
molecular basis of cancer, this knowledge has not vet been translated into effective
therapeutic strategics.

In particular, breast cancer 18 the roost common cancer in American women,
with approximately one in nine women developing breast cancer in their Lifetime.
Unfortanately, metastatic breast cancer is still an incurable disease. Most women with

metastatic breast cancer succumb to 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 a method for diagnosing the presence of a solid
tumor stem cell in a human subject comprising: detecting expression of CXCRI+ in a tissue
sample taken from a tumor of said subject, wherein the presence of CXCR1+ cells is

indicative of the presence of tumor stem cells in said tumor.

In another aspect, there is provided the use of a compound in the preparation of a
medicament for treating a human subject having a breast cancer tumor, wherein said

compound is a CXCR1 antagonist or an IL8-CXCR1 signaling pathway antagonist.

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 FBXO21).

In some embodiments, the present disclosure provides methods of treating cancer
comprising: administering an IL8-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 cells and non-tumorigenic
cancer cells in a subject comprising: administering Repertaxin or derivative thereof 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 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-CXCRI1 pathway antagonist and an

additional chemotherapeutic agent.



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

CXCR1 antibody or antibody fragment. In additional embodiments, the agent comprises
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Repertaxin or a derivative thereof. In further embodiments, 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 FBXO021 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 FBXO21+ 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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FBXO21+ 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
CXCRI1 or FBXO21 (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 FBXO21+ solid tumor stem cell in
the sample; and (¢) selecting a treatment for the patient that targets CXCR1+ or
FBXO021+ 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 FBXO21+
cancer stem cell to a candidate anti-neoplastic compound, wherein the candidate anti-
neoplastic compound comprises a CXCR1 or FBXO21 antagonist or a [L§-CXCRI1
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 FBXO21 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; c) 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 tumor 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 FBXO21 inhibitor, or a
IL8-CXCRI 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; c¢) 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 IL§-CXCR1
pathway inhibitor.
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DESCRIPTION OF FIGURES

Figure | shows the ALDEFLUOR-positive cell popuolations from breast cancer
cell lines (MDA-MB-453, SUMI59) have cancer stem cell properties. A-B, G-H.
Representative flow cytometry snalysis of ALDH enzymatic activity in MDA-MB-453
{A-B) and SUMI59 cells (G-H). The ALDEFLUOR assay was performed as described
in Bxampie | below. {C, 1) The ALDEFLUOR-positive population was capable of
gencrating tumors in NOD/SCID mice which rocapitulated the phenotypic
heterogeneity of the mtial tumor, (F, L) Tamor growth curves were plotied for
different numbers of cells injected (for MDA-MB-453; 50,000 cells, 5,000 cells, and
500 cells and for SUM15%: 100,000 cells, 10,000 celis, and 1,600 cells) and for each
population (ALDEFLUQR-positive, ALDEFLUOR-negative, unseparated). Tumor
growth kinetics correlated with the latency and size of tumor formation and the mumber
of ALDEFLUOR-pesitive cells (F, L), (D, I} H&E staining of ALDEFLUOR-positive
cells” injection site, revealing presence of tumor cells (D: MDA -MB-453
ALDEFLUOR-positive cells’ injection site, and J: SUM3S ALDEFLUOR -positive
cells” injection site). (E, K} The ALDEFLUQOR negative cells’ injection site contained
only residual Matrigel, apoptotic cclls, and mouse tissue (E: MDA-MB-453
ALDEFLUOR -negative cells” injection site, and X SUMS9 ALDEFLUCOR -negative
cells’ injection site). Data represent mean £ SD,

Figure 2 shows classification of the ALDEFLUOR-positive and ALDEFLUOR-
negative populations 1solated from breast cell lines based on the “cancer stem call
signature”, Figure 2A. Hierarchical clustering of 16 samples based on a 4{3-gene
expression signature. Each row of the data matrix represents a gene and each columm
represents a sample. Note the sepatation between ALDEFLUOR-positive (underlined
names) and negative samples (nov-underlined names) with the 413 genes for 15 out of
the 16 samples, Some genes inchuded in the signature are referenced by their HUGO
abbreviation as used in ‘Entrez Gene” (Genes down-regulated in the ALDEFLUOR-
positive populations are Jabeled in green and genes up-reguiated in the ALDEFLUGR-
positive populations arc labeled in red). 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
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populations (CXCRI/ILERA, FBXO21, NFYA, NOTCHZ and RADSIL.1) were
measured by quantitative RT-PCR. The guantifative RT-PCR expression levels of
CXCRY and FBXO21 are presented in this figure. Gene expression levels measured by
guantitative RT-PCR confirm the results obtained using BNA microarrays with an
increase of CXCRT and FBXO21 mRNA fevel in the ALDEFLUOR-positive
populadon compared to the ALDEFLUOR-negative population (p<0.05).

Figure 3 shows the role of the ILE/CXCRI axis tn the regulation of breast
cancer steyn cells. AL Cells expressing CXCR1 are contained in the ALDEFLUCGR-
positive population. The ALDEFLUOR-positive and -negative population from four
different breast cell lines (HCC1654, SUM15%, MDA-MB-453, Br{a-MZ-01) were
isolated by FACS, fixed, and analyzed for the cxpression of CXCR1 protein by
immmunostaining and FACS analysis, ALDEFLUOR-positive cells were highly
enriched in CXCRI-positive cells compared to the ALDEFLUOR-negative population,
B. Effect of IL8 treatment on tumorosphicre formation of three different cell lines
(HCC1954, SUMI159, MDA-MB-453}. IL8 treatment increased the formation of
primary and secondary tumorospheres in a dose~dependent manner. €. Effect of ILE
treatment on the ALDEFLUGR-positive population of four different cell lincs cultured
i adherent conditions. 1L8 increased the ALDEFLUOR -positive population in a dose-
dopendent manner in cach of the four ccll lines analyzed (¥ p<0.05/ ** p<0.01,
statistically significant differences from the control group).

Figure 4 shows ALDEFLUOR-positive celis display morcased mmetastatic
potential. A. The TLE/CKCRI axis is involved in cancer stem cell invasion. The role of
the 1LE/CXCR T axis  invasion was asscsscd by a Matrige! invasion assay using scrun
or IL8 ss atiractant for three different cell hnes (HCCI954, MDA-MB-433, SUM{3%.
ALDEFLUGR-positive cells were 6- 10 20-fold roore invasive than ALDEFLUOR-
negative cells (p<0.01). When using IL& (100 ng/m) as atiractant, i was observed that
a significant increase of ALDEFLUOR-positive cells were invading through Mairigel
compared to serim as atiractant (p<0.05). In contrast ILE had no effect on the invasive
capacily of the ALDEFLUOR-negative population. B-M. The ALDEFLUOR-positive
population displayed increased metastatic potential. B-D. Quantification of the

normalized photon flux measared at weekly imtervals following inoculation of 106,000
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tuciferase infected cells from each group (ALDEFLUOR-positive, ALDEFLUQR-
negative, unseparated). E-J Detection of metastasis utilizing the bioluminescence
tmaging software (B, G, I Mice facing dowry F, H, I: Mice facing up). Mice
inoculated with ALDEFLUOR-positive cells developed several metastasis localized at
different sites {(bone, muscie, fung, soft tissue) 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 fnoculated with ALDEFLUOR-negative
¢ells developed only an oceasional sipall metastasis, which was limited 10 lvmph 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 effect of CXCR] inhibition on tumor cells viability {Fig.
A4) as well as on cancer st cell viability (Fig. 5B).

Figure 6 shows that Repertaxin treatment induces a bystander cffect mediated
by the FAS/FAS ligand signaling, and specifically shows that the cell growth inhibition
induced by the Repertaxin treatment was partially rescucd by the addition of a FAS
antagonist and that the cells reated with a FAS agonist displaved a similar cell growth
inhibition than the cells treated with Repertaxin,

Figure 7 shows the activation of FAK, AKT and FOXOAS activation without
Repertaxin freatmment (7TA) and in the presence of Repertaxin (78).

Figure & shows the offect of Repertaxin, docetaxel, or the combination thereof on
one breast cancer eclt line (84, SUMI59) and three nnman breast cancer xenografts
generated from different patients (88, MC1; 8C, UMZ; and 8D, UM3).

Figore 9 shows the offect of Repertaxin, docctaxel, or the combination freatmaent
on the cancer stem cell population as assessed by the ALDEFLUJOR assay on various
cells lines including SUMIS9 (9A), MO (98}, UM2 (8C), UM3 (9D

Figure 10 shows the effect of Repertaxin, docetaxel or the combination on serial
ditutions of primary tumors (L0A. SUMIS9, 10B. MC1, 10C. UM2, 19D, UM3) that
were implanted in the mammary fat pad of secondary NOD-SCID mice,

Figure 11 shows that Repertaxin treatment reduces the metastatic poiential of
SUMI159 cell ine. Figure 11 A shows a quantification of the normalized photon flux

measured al weekly intervals following inoculation with intracardiac administered SUM
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159 cells. Metastasis formation was monitored using hioluminescence inaging (1B
Mice treated with saline solation; 11C: Mice treated with Repertaxin).

Figure 12 shows representations of the overlap between the ALDEFLUOR-
positive subpopalation and the CXCR1 -positive subpopulation (top) or CXCR2-
positive subpopulation (bottom) of SUMI59 gells. B-C. SUM15Y cells were cultured in
adherent conditions and weated with repertaxin (100nM) or two specific blocking
antibodies for CXCRY (1thtg/mi) ovr CXCR2 ( Oug/ml). After three days, the effect on
the cancer stem cell population was analyzed using the ALDEFLUQOR assay (B} cell
viability was accessed after five days of treatment using the MTT assay (C). A
significant reduction of the ALDEFLUQOR-positive population and cell viability was
ohserved following treatment with repertaxin or anti-CXCRY antibody, In contrast nio
significant effect was observed with anti-CXCR2 antibody. D, After 4 days of
freatment, the number of apoptotic cells was cvaluated utilizing a TUNEL assay. 36%
apoptotic cells (stained in green) were detected in repertaxin treated cells compared to
the controls where mostly viable celis (stained in biue) were present. E-F. To determine
whether cell death was mediated via a bystander effect. CXCR 1-positive and CXCRI-
negative populations were flow sorted and cach population treated with variouns
concentrations of repertaxin (D). A decrease in cell viability in CXCR 1 -positive and
unsorted populations were deteoted whereas no effect was observed in the CXCRI-
negative population (B). Dialyzed conditioned mediom (dCM) from CXCR -positive
cells treated for tlwee days with repertaxin was utilized to treat sorted CX ORI -positive,
CXCR I-negative, or unsorted populations. Serial dilotions of dialyzed conditioned
medivrg were utitized (Conirol, dCM 14, dCM 12, dCM 374, dCM). Afier fwo days of
reatment, cell viahility was evaluated otilizing the MTT assay. A massive decrease 1
cell viability was observed i both CXCR | -negative and unseparated populations
wheteas no effect was observed in the CXCR -positive population (F).

Figure 13 shows tumorigeoivity of the ALDEFLUOR -posinve/CXCR 1 -positive
and ALDEFLUOR-positive/CXCR 1 -negative celt populations from SUM1 59 cell line,
A. Tumor growth curves were plotted for different numbers of cells ingected (54,000
cells, 5,000 cells, 1,000 cells, and 5300 celis) and for cach population {ALDEFLUOR-
positive/CXCR 1 -positive, ALDEFLUCR-positive/CXCR 1-negative). Both cell

10
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populations generated tumors, Tumor growth kinetics correlated with the latency and
size of tamor formation and the number of cells injected. B-C. Twmors generated by the
ALDEFLUOR-positive/CXCR T-positive population reconstituted the phenotypie
heterogeneity of the initial tumor upon serial passages whereas the ALDEFLUOR-
positive/{C X CR L-negative population gave rise to famors containing only
ALDEFLUOR-positive/CXCR L-negative cells. We transplanted both cell population
for three passages.

Figure 14 shows the effect of CXCR1 blockade on tumorsphere formation.
SUM159 and HCC1954 celis 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 (10pg/mi). After three days of treatment, cells were
detached and cultured in suspension. The number of tumorspheres formed after 5 days
of culture were evaluated, Similar results were observed for the both cell lincs with a
significant decrease in prirmary and secondary fumorosphere formation in the repertaxin
and anti CXCR1-treated conditions compared to controls. In contrast, anti-CXCR2
blocking antibody had no effect on tumorosphere formation,

Figure 13 shows the effect of repertaxin treatmoent on cell viability of SUMIS59,
HCC 1954, and MDA-MB-453 cell lines. Three different cell lines (SUML39,
RCC1954, MDA-MB-433) were cultured in adherent conditions and treated with
repertaxin (100nM ). Cell viability was evaluated after one, three, and five days of
freatmen using the MTT assay, A decrease 1n ecll viability was observed after 3 davs
of treatment for SUMI59 and HCC1954 cell tine, However, repertaxin did not effect
the viability of MIDA-MB 453 cells,

Figure 16 shows the effect of CHCR 1 blockade on the ALDEFLUOR-positive
population w vicro, A-B, HCC1954 (A) and MDA-MEB-453 (B) cclls were cultured in
adherent conditions and treated with repertagin (100uM) or two specific blocking
antibodies for CXCR (10pg/md) or CXCR2 (10pg/rol). After three days, the effect on
the cancer stem cell population was analyzed using the ALDEFLUOR assay. For
HCC1954, a significant reduction of the ALDEFLUOR-positive population and cell

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

Figure 17 shows repertaxin treatment induces a bystander effect mediated by
FASFAS-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 utilizing an ELISA assay. After 4 days of
freatment, greater than a four-fold nerease of soluble FAS-Ligand was detected in the
medium of cells treated with repertaxin compared to non-freated 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 mRINA compared to the control. C. SUM159 cells were
cultured 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
partiaily resoned by addition of anti-FAS-Ligand. Cells freated with a FAS agonist
displayed similar cell growth inhibition to cells treated with repertaxin alone. D-E. The
cffeet of repertaxin treatiment alone or in combination with an anti-FAS-ligand and the
treatment of 8 FAS-agonist on the CXCR-positve and ALDEFLUGR-positive
population was analyzed. The massive decrease in the CXCR Y-positive and
ALDEFLUOR-positive population induced by repertaxin treatment was not rescued by
the anti-FAS-ligand and treatment with FAS-agomist prodoced a ten-fold and three-fold
increase in the percent of the CXCR [ ~-positive and ALDEFLUOR-positive population,
respectively,

Figure {8 shows the effect of FAS agonist on CXCR I-positive and CXCRI-
negative cells, CXCRI-positive and CXCR -negative populations were flow sorted and
each population treated with various congentrations of FAS agonist. A decrease in cell
viability th CXCR | -pegative and unsoried populations were detected whereas vo effect
was observed in the CXCR L-positive population,

Figure 19 shows analysis of CXCR1 protein expression in the normal breast
stem/progenitor population and effect of IL-8 freatment on mammosphere formation.

A. The ALDEFLUOR-positive and -negative population from normal breast epithelial

i2
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ceils isolated fornt reduction mammoplasties was isolated by FACS, fixed, and
analyzed for the expression of CXCRY protein by immunostaining and FACS analysis.
ALDEFLUOR-positive cells were highly enriched in CXCR f-positive ceils compared
to the ALDEFLUOR-negative population. B-C. Effect of 1L treatment on
maromosphere formation. 1L8 treatment increased the formation of primary (B) and
secondary mammospheres (C) in a dose-dependent manner,

Figure 20 shows the effect of repertaxin treatment on the normal manunary
epithelial cells. A, Normal mammary epithelial cells isolated from reduction
manimopliasties were cultured in adherent condition and treated with repertaxin (100nM
or 500nM) or FAS agonist (500ng/ml). After five days of treatment cell viability was
evaluated using MTT assay. Repertaxin treatment or the FAS agonist had no effect on
the viability of normal mammary epithelial cells cultured in adherent conditions, even
when high concentrations of repertaxin {300nM} were utilized. B, The level of soluble
FAS-ligand was evaliated by Elisa assay in the medium of normal ﬁmmmary epithelial
cells treated with repertaxin, After 4 days of treatment an increase of soluble FAS-
Ligand was detected in the medium from treated cells, C. Analysis of FAS/CDYS
cxpression in the normal mammary epithehal cells by FACS analysis. No FAS/CD9S
expression was detected in the normal mammary epithelial cells cultured in adherent
condition. D, Effect of repertaxin treatment on mammosphere formation. Normal
matomary epithelial cells were cultured in adherent condition and treated during four,
cight, eicven and fiftecn days with repertaxin (100nM). After repertaxin treatment cells
were detached and cultured in suspension., A significant decrease of mammosphere-
inttiating cells was observed in the repertaxin-ireated condition.

Figure 21 shows the effect of repertaxin treatment on FAK, AKT and FOXO03a
activation. To evatuate the effect of repertaxin treatment on CXCRI downstream
signaling, two different viral constructs were utilized, one knocking down PTEN
expression vid a PTEN-siRNA and the other leading to FAK overexpression {(Ad-
FAK). A, SUMI39 control, SUMT59 PTEN-SIRNA, and SUM 159 Ad-FAK cells were
cuttnred 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

blotting. Repertaxin treatment Jed to a decrease in FAK Tyr397 and AKT Serd73
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phosphorylation whereas PTEN deletion and FAK overexpression blocked the effect of
reperiaxin freatment on FAK and AKT activity. B. Utihzing imymunofluorescence
taining on CXCR L-positve cells, we confirmed that Repertaxin treatment results in a
disappearance of phospho-FAR (membranous staining in red) and phospho-AKT
expression {cytoplasmic staining in red). Immunofluorescence staining with an anti-
FOXGIA revealed a cvioplasmic location of FOX 032 (in red} in the nntreated cells
whereas repertaxin treatment mduced a re-localization of FOXG3A to the nuclous, In
contrast, 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 cclis. In all samples, nuclei were counterstained with
DAP! (in blue). C-D. The effect of Repertaxin on the SUM 159 FTEN-siRNA and
SUMI15% Ad-FAK cell viability and on the cancer stem cell population was assessed
utilizing the MTT and ALDEFLUQOR assays. respectively. After 3 davs of treatment,
celis with PTEN deletion or FAK overexpression developed resistance to repertaxin
{C). Repertaxin treatment did not alter the proportion of ALDEFLUGR-positive
SUMI39 PTEN knockdown cefls. (D).

Figure 22 shows the offect of repertaxin treatinent on FAK/AKT activation in
HCC1954 and MDA-MB-453 cell ines. To evaluate the effect of repertaxin treatinent
on CXCR1 downstream signaling we utilized a lentiviral construct knocking down
PTEN expression vig a PTEN-siRNA A. HCC1954 control and HCC954 PTEK-
3IRNA colls weore cultured in adberent conditions for two days in the absence or
presence of 100nM repertaxin and the activation of the FAK/AKT pathway was
accessed by western bloiting, Repertaxin treatment led 1o a decrcase in FAK Tyr397
and AKT 5evd73 phosphorvlation whercas PTEN deletion blocked the effect of
veperiaxin treatment oo FAK and AKT activity. B. Repertaxin treatment did not have
any offect on celt viability of MDA-MB-453 cell hine wich harbor PTEN mutation,
Utihzing western blot analysis we confivmed that FAX/AKT pathway was not
perturbated by repertaxin treatment.

Figure 23 shows the effect of repertaxin on the HCC1954 PTEN-siRNA cell
viability, assessed utilizing 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-ligaud and IL-8 mRNA after docetaxel or
repertaxin freatment measured by quantitative RT-PCR, A-B. SUM159 cells culiured
in adherent condition were treated with repertaxin (100nM), FAS agonist (500ng/mi) or
docetaxel (10nM). After three days of treatment cells were coliected and RNA
extracted. Docetaxel, induced both FAS-ligand {A) and [L-8 (B) mRNA in SUM159
cells, A 4-fold inceease of 1L-8 mRNA level was detected afier 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 revealed that both xenografis presented
an cxpression of PTEN and an activation of FAK/AKT pathway as shown by FAK
Tyr3e7 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 effect of repertaxin treatment on tamor
growth and the cancer stem cell population in vivo a breast cancer cell line (SUM159)
and threc hwnan breast cancer xenografts generated from different patients {MCl,
UM2, UM3} were utilized. A. For cach sample, 30,000 cells were injected into the
humanized mammary fat pad of NOLY/SCID mice and monitored tumor size. When the
tamors were about 4 mm, 5.¢. mjection of repertaxin (15mg/Kg) twice/day for 28 days
or once/week LP. injection of docetaxel {10mg/K.g) or the combination
(repertanin/docetaxel) was initiated. The graph shows the tumor size before and during

the course of

cach tudicated treatmont {arrow, beginning of the treatment). Stumilar
resulis were observed for each sample with a statistically significant reduction of the
tumtor size 1m docetaxel alone or the combination repertaxm/docetaxel treated groups
compared to the control, whereas no difference was observed between the growih of the
control tumors and the tumors treated with repertasin alone. B-C. Bvaluation of
repertaxin, docetaxel, or the combined treatment on the cancer stem cell popuolation as
assessed by the ALDEFLUOR assay (B) and by reimplantation into secondary mice
{C). Docetaxel-treated numor xenografts showed similar or increase percentage of
ALDEFLUOR-positive cells compared to the control, whereas reperiaxin treatment
alone or in comnbination with docetaxel produoced a statistically sigmificant decrease in

ALDEFLUOR-positive cells with 2 65% to 85% decrease in cancer stem cells

-
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comipared to the control (p<Q.01) (B). Serial dilutions of cells obtained from primary
tumors, non treated {control), and treated mice were implanted in the wammary fat pad
of secondary NOD/SCID mice which received no further treatment. Control and
docetaxel treated primary tumors formed secondary tmors at all dilutions whereas,

only higher mumbers of cells obtained from primary timors freated with repertaxin or in
combination with decetagel were able to forn tumors. Furthermore, tumor growth was
signtficantly delayed and resulting tumors were significantly smoaller in size than the
control or docetaxe! treated tumors (C). D. Xenotransplants from each group were
collected and inununohisiochemisiry staining was done t¢ detect the expression of
phospho-FAK, phospho-AKT, FOXO3A, and ALDHT, Membranous phosphe-FAK
expression and cytoplasmic phospho-AKT expression {arrow) was detected in the
control and docetaxel-treated timors whereas no expression was detected in the tumors
treated with repertaxin alone or in combination with docetasel. MNuclear FOX0O3A
expression {in brown} was detected in the cells treated with docetaxel or repertaxin
along or in combination. A deercase of ALDHI expression (armow) was detected in
tumors treated with repertaxin alone or in combination compared 1o contrel and the
docctaxel-treated tumors.

Figure 27 shows the effect of Repertaxin treatment on the breast cancer stem

R

cell population in vive. A-C. Te evaluate the effect of repertaxin freatment on umey
growth and the cancer stem celi popualation in vivo, a breast cancer cell line (SUM 58,
A and three human breast cancer xenografts gencrated from different pationts.

For cach sample, 50,000 cells were injected mto the homanized mammary 31 pad of
NOTYSCID mice and montiored mumor size, When the tumors werg about 4mm, 8.0,
injection of vepertaxin (1 Sog/Kg) twice/day for 28 days or once/week LP. injection of
docetaxel (10mgKg) or the combination {repertaxi/docetaxel) was mitlaied. The
graph shows the tumor size before and during the cowrse of each indicated treatment
(arrow, beginming of the treatment). Similar results were observed for each sample with
g statistically significant reduction of the tumor sixe in docetaxed alone or the
combination repertaxin/docetaxel treated groups compared o the control whereas no
difference was observed between the growth of the coutrol thmors and the tamors

treated with repertaxin alone. Bvaluaton of repertaxin, docetaxel, or the combined
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treatiment on the cancer stem cell population was assessed by the ALDEFLUOR assay
and by relimplantation inio secondary mice. Docetaxel-treated tumor xenografls showed
similar or increased percentage of ALDEFLUJOR-positive cells compared to the
control, whereas repertaxin treatment alone or in combination with docetaxel produced
a statisticaily significant decrease in ALDEFLUOR-positive cells with a 65% 1o 83%
decrease in cancer stem cells compared 1o the control (p<0.01). Serial dilutions of cells
obtained from primary fumors, non-treated {control}, and treated mice were implanted
in the mammary fat pad of secondary NOD/SCID mice which received no further
treatiment. 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 docetaxe! were able to form: umors. Tumor
growthwas significanily delaved and resulting tumors were significantly smaller in size
than the control or docetaxel freated tumors.

Figure 28 shows the effect of repertaxin treatment on the breast cancer stem cell
population as assessed by the CD44+/CD24- phenotype. A-B. Evaluation of
repertaxin, docetaxel, or the combined reatment on the cancer stem cell population was
assessed by the presence of CD44+/C24- cells. In residual tumors treated with
docetaxc] alone, we consistently observed either an unchanged or increased percent of
CD44+/CD24- cells whereas repertaxin treatment alone or in combination with
docetaxel resulied in g reduction of the CD44+/CD24- coll population. A. Flow chart
analysis for UM3 seoograft is presented. B. Similar resalts were observed for MC1,
UM2, and UUM3. Almost all of SUTM159 colls are CD44-+/CD24- under all freatment
condiions.

Figure 29 shows repertaxin treatment reduces the development of systemic
metastasis. To evaluate the effect of repertaxin treatment on metastasis formation
HCC1954 (A), SUMI 56 (B), MDAMEB-453 () breast cancer cell tines were infected
with a lentivirus expressing luciferase and moculated 250,000 luciferase infected cells
into NOD/SCID mice via intracardial injection. Mice were treated 12 hours after the
intracardiac injection either with s.c. injection of saline sobution or s.c. injection of
repertaxin {1 Smg/kg), twice a day during 28 days. Metastasis formation was monitored

using biolmninescence imaging. Quantification of the normalized photon flux measured



10

fout
(¥

at weekly intervals following fopculation revealed a statistically significant decrease in

metastasis formation v repertagin compared to saline controls for mice imoculated with

HCC1954 or SUMI59 cells (A-B). In contrast, repertaxin freatment did not have any

etfect on metastasis formation for the mice injected with MDA-MB-433 cells. {C}

Histologic confirmation. by H&E staining, of metastasis in bone, aud soft tissue
resulting from mice not treated by repertaxin (D).

Figure 30 shows TL-8/CXCRT signalling in cancer stom cells treated with
chemotherapy alone or in combination with repertaxin. A, Representation of potential
{L-8/CXCRY cell signaling in cancer stem cells. CXCRI activation following IL-8
binding induces phosphorylation of the Focal Adhesion Kinase (FAK), Active FAK
phosphoryiates AKT and activates the WNT pathrway, which regulates stem cell seif
renewal and FOXO3A that regulates coll survival. Activation of FAK protects cancer
stem cells from a FAS-ligand/FAS mediated bystander effect by inhibiting FADD, a
downstream cffector of FAS signaling. In the presence of chemothm‘apy, only the bulk
tumor colls arc sensitive to the treatment and release a high fevel of 1L-8 and FAS-
ligand proteins during the apopiotic process. Breast cancer stem cells are stinmlated
via an 1L-8 mediated bystander effect and arc resistant to the bystander killing offect
mediated via FAS-ligand, B. Repe taxin treatment blocks IL-8/CXCR] signaling and
inhibiis breast cancer steim cell seif-renewal and survival, When repertaxin treatment is
combined with chemotherapy the cancer stem cells are sensitized 1o the bystander

kitling cffect mediated by FAS-Jigand.

DEFINITIONS
To facilitate an understanding of the present invention, a number of terms and
phrases are defined below;

e

As used herein, the terms "anticancer agent,” "conventional anticancer agent.” or
"cancer therapeutic drug” refer to any therapeutic agents {e.g., chemotherapeutic
compounds and/or molecular therapeutic compounds), radiation therapies, or surgical
interventions, used in the treatment of cancer {e.g., in mammals),

As used herein, the terms "drog” and "chemotherapeutic agent” refer to

pharmacoiogically active molecules that are used to diagnose, treat, or prevent diseases or
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pathologrcal conditions i a physiological sysiem (e.g, a sabject, or i vivo, in vitro, or ex
vivo cells, tissues, and organs). Drugs act by altering the physiology of a living
organisim, tissue, cell, or i vitro sysiem to which the drug has been administered. It is
intended that the terms "drug™ and "chemotherapentic agent” encompass anti-
hyperproliferative and antineoplastio compounds as well as other bivlogically therapeutic
compounds.

An "effective amount” is an amount sufficient 1 offect beneficial or desired
regults, An effective amount can be administered in one or more administrations.

As used herein, the term "administration” refers 1o the act of giving a drag,
prodrug, antibody, or other agent, or therapeutic treatment o a physiclogical system {e.g.,

\

a subject or in vivo, in vitre, or ex vive cells, tissues, and organs). Exemplary routes of
administration to the human body can be through the eyes (ophthalmic}, mouth (oral},
skin (transdermal), nose {nasal}, lungs (inhalant), oral mucoesa (buccal), car, by injection
{e.g., intravenousty, subcutanecously, intratumorally, intraperitoneally, efc.) and the like.

“"Coadministration” refors to administration of more than one chenieal agent or
therapeutic treatment {e.g., radiation therapy) to a physiological system {e.g., & subject or
in vive, in vitre, or ex vive cells. tissiies, and organs). "Coadnunistration” of the
respective chemical agents {e.g. IL8-CXCR 1 signaling pathway antagonist and additional
chemotherapeutic) may be concurrent, or in any tempoeral order or physical combination.

As used herein, the term "regression” refers to the return of a discased subject,
cell, tissue, or organ to a non-pathological, or less pathological state as compared to basai
nonpathogenic exemplary subject, cell, tissue, or organ. For example, regression of a
tumor inchades a reduction of tumor mass as well as complete disappearavee of 4 tumor
OF TUNOTS.

As used herein the torm, "in vigro™ Tefers w an artifjcial envivonment and o
processes or reactions that occur within an artificial environment. Jr vizro envivonments
can consist of, but are not Hirdted to, test tubes and cell cultures. The form "in vive®
refers to the natural environment {e.g., an animal or a cell) and  processes or reactions
fhat cccur within a natoral envitonment.

As used herein, the term "cell culture” vefers o any i vitro culture of cells.

Included within this term are continuous cell lines {e.z, with an immortal phenotype).
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primary cell caltures, finite cell lines (e.g, non-travsformed cells), and any other cell
population maintained in vitro, including oocytes and embryos.

As used berein, the terim "stbiect” or "patient” refers to organisms to be treated by
the methods of the present invention. Such organisms include, but are not limited to,
humans and veterinary animals (dogs, cats, hovees, pigs, cattle, sheep, goats, and the
like). In the context of the invention, the term "subject” or "patient” generally refers to an
individual who will receive or who has received treatment,

The term "diagnosed.” as used herefn, vefers w the recognition of a disease by its
signs and symptoms or genetic analysis, pathological analysis, histological analysis, and
the like,

As used herein, the term "antisense” is used i reference to nucleic acid segquences
{e.g.. RNA, phosphorothioate DNA) that are complementary to a specific RNA seguence
(e.g., mRNA). Included within this definition are natural or synthetic antisense KNA
molecules, including molecules that regulate gene expression, such as small interfering
RNAs or micro RNAs. One tvpe of antisense seguence that may be employed by the
present invention is the type that are specific for CXCRI mRNA.

The term “est compound” or "candidate compound" refers to any chemical ontity,
pharmaccutical, drug, and the like, that can be used to treat or prevent a disease, illness,
sickness, or disorder of bodily function, or otherwise alter the physiological or collular
status of 4 sample. Test compounds comprise both known and potential therapeutio
compounds. A test compound can be determined to be thorapeutic 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 expeniencs
with administration to humans) 1o be effective in such freatment or prevention. In
preferred embodiments, Mest componnds” are avticancer agents. In particularly preferred
erabodiments, "test compounds” are anticancer agents that induce apopiosis in cells.

As used heretn, the term "antigen binding protein” refors (o proteins which bind to
a specific antigen. "Antigen binding proteins” inchude, but are not limited to,
immunoglobulins, inchnding polycional, monoclonal, chimerie, single chain, and
humanized antibodies, Fab fagments, F(ab)2 fragments, and Fab expression libraries.

Various procedures known in the art are used for the production of polyclonal antibodies.
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For the production of antibodies, vanous host avimals can be vnmunized by imjection
with the peptide corresponding to the desived epiiope including, but not Himited to,
rabbits, mice, rats, sheep, goats, efc. In a preferred embodiment, the peptide is
conjugated 1o an immumogenic carrier {e.g., diphtheria toxoid, bovine serum albumin
{(BSA), or keyhole limpet hemocyanin (KLH)). Various adjuvants are used to increase
the immunological response, depending on the host speeies, including, but not mited to,
Freund's {complete and incompleie), mincral gels such ag ahuminem hydroxide, surface
active substances such as iysolecithin, phronic polyols, polyvanions, peptides, oil
emmisions, keyhole himpet hemocyaning, dinitrophenol, and potentially usefal human
adjuvants such as BCG (Bacille Calmette-Guerin} and Corynebacterinm parvim.

For preparation of monoclonal antibodies, any technigue that provides for the
production of antibedy molecules by continuous cell lines in culture may be used (See
e.g., Harlow and Lane, Antibodics: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY). These include, but are not limited to, the
nvbridoma technique originally developed by Kohler and Milstein (Kéhler and Milstein,
Mature, 256:495-497 (1975)), as well as the trioma technigue, the human B-cell
hybridoma technique (See e.g., Kozbor ef gl , Immunol, Today, 4.72 (1983}, and the
EBV-hybridoma technigue to produce human monoclenal antibodies (Cole er af, in
Monoclornal Antibodics and Cancer Therapy, Alan R Liss, Inc., pp. 77-96 (1985).

According to the invention, technigues deseribed for the production of single
chain antibodies (U.5. 4,9446,778; herein incorporated by refercnce} can be adapied 1o
produce specific single chatn anubodies as desired. An additional embodiment of the
mvention wiilizes the wehnigues known in the art for the construction of Fab expression
Bbraries (Huse et af, Science, 246:1275-1281 (19891 o allow rapid and easy
identification of monoeclonal Fab fragments with the desired specificity,

Antibody fragroents thai contain the idiotype (antigen binding region) of the
antibody molecule can be generated by known wechoiques. For example, such fragments
inchade, but are not Hmited to: the F(ah)2 fragment that can be produced by pepsin
digestion of an entibody molecule; the Fab' frapments that can be generated by reducing
the disulfide bridges of an F(ab2 fragment, and the Fab fragments that can be generated

by treating an antibody melecule with papain and a reducing agent.
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Geunss encoding antigen-hinding proteins can be isolated by methods kuown in
the art. In the production of antibodies, screening for the desired antibody can be
accomplished by technigues known in the art {e.g., radicimmunoeassay, ELISA (enzyme-
linked immumosorbant assay), "sandwich” immunoassays, immmoradiometric assays, gel
diffusion precipitin reactions, immunodiffusion assays, 7 sify immunoassays (using
cotloidal gold, enzyme or radicisotope labels, for example), Western Blots, precipitation
reactions, agglutination assays {e.g., gel agelutination assays, hemagglutination assays,
ete.), complement fixation assays, imununoflnorescence assays, protein A assays, and
immunociccirophoresis assays, efe.) efe

As used herein, the term "modulate” refers to the activity of a compound to affec
{e.g., to promote or retard) an aspect of the cellnlar function inclnding, but not limited to,

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

DETANLED DESCRIPTION OF THE IRVENTION

The present invention provides methods of treating cancer by administering an
ILR-CXCRI pathway inhibitor {e.g., an anti-CXCR ! antibody or Repertaxin) alone or in
combination with an additional chemotherapeutic agent such that non-tumorigenic and
tumorigenic cancer cells in a subject are kitled. The present invention also provides
compositions and methods for treating and diagnosing the presence of solid tumor siern

cells in a patient (e.g.. based on the presence of CXCR1T or FBXO2ZL),

i Tumerigenic Cancer Cells, ALDH, CXCRI, and CXCR]I Ishibifien
The evolution of 4 normal cell into a fully transformed one reqguires the
deregulation of multiple celinlar processes (1, 2). According to classical ruodcels of
carcinogenesss, these events can ocowr in any cell, In contrast, the “cancer stem cell
hypothesis™ holds that the preferential targets of oncogenic transformation are tissue
stem or early progenitor cells that have acquired setf-renewal potential (3-6). These
“tumor-indtiating cells” or “cancer stem cells” (CSO), m turn, are characterized by thelr
ability to undergo self-renewal, a process that drives tumorigenesis and differentiation

which contributes to tumor cellular heterogeneity. Recent evidence supporting the
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cancer stem cell hypothesis has been generated olilizing xenografts of primary human
tunors, These studies have suggesied that tumors are corposed of a cellular hievarchy
driven by the cancer stem cell component. In addition, recent data supgest that
immortalized cell Hnes derived from both murine and buman tissues may also contain a
cellnlar population displaying stem cell properties. Most of these studies have been
hased on n vitro properties including clonogenic potential, sphere formation and multi-
lingage differentiation potential (7-10). More lunited studies utilizing fumctional
ransplantation of mmortalized cell lines in xenografts have also suggested the
existence of snch a hierarchy. These studies have generally utilized Hoechst dye
exclusion to identify the so-called “side population™ (8P} {7, 9, 11}. In addition, cell
surface markers defined using primary tumor xenografts such as CD44 and D133
have also been utilized to identify similar populations in established cell lines (7, 8).
As described in the Examples below, the cxpression of the stem ceil marker
Aldehyde dehydrogenase (ALDH)Y was stadied in a series of 33 cell ines derived from
human breast cancers and non-transformed breast celfs. ALDH is a detoxifying
enzyme responsible for the oxidation of intraseliular aldehvdes and is thought 1o play a
role 1n stem coll differentiation through metabolism of retinal to retinoic acid {12, 13).
ALDH activity as assessed by the fluorescent ALDEFLUCOR assay has been
successfully utilized to isolate cancer stem cells in multiple myeloma and acute
myecioid lenkemia (AML) as well as from brain tumors (14-16). 1t was recently
demonstraied that ALDH sctivity cap be ntilized fo isolate a subpopulation of cells that
display stem cell properties frowm normal human breast tssue apd breast carcinomas
{17y, The ALDEFLUOR-positive population isolated from reduction mammaoplasty
tissue is able to reconsiituie ductal alveolar structures in mamumary fat pads of
trnanized NOD/RCID mice. Furthermore, ALDELFUOR-postive cells isotated from
human marymary carcinomas bave stem cell properties as demonstrated by their ability
0 reconstitute tumors on serial passage o NOD/SCID mice as well as o generate the
phenotypic heterogeneity of the imitial tumoers (37). In the Examples below, it is
demonstrated that the majority of broast cancer cell lines contain an ALDEFLUGR-
positive population with a distinet molecular profile that displays cancer stem cell

propertics,
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As described i the Examples helow, work conducted during the development
of embodiments of the present mvention identified CXCR1 (which is a receptor for the
inflammatory chemokine IL8)Y as a cancer stemn cell marker. Only cells within the
Aldefluor-positive population expressed CXCRI. Furthermore, 1t was demonstrated
that this receptor plays a functional rele in that recombinant [L8 is able to increase the
stem cell proportion in cell lines as determined by Aldefluor and sphere formation
assays. Although [L.8 has been reportad to be associated with aggressive breast cangers
and is higher in the sernm women with metastatic disease, it is believe that the present
invention is the first to show a functional link hetween [L¥ and its receptor CXCRI in
stem cells,

As further desoribed in the Examples below, it was demonstrated that one can
selectively target cancer stem cefls by blocking the CXCR Y receptor in these cells. In
onc approach deseribod in the Examplcs, breast cancer cells lines were treated with
monocional antibodies to CXCR1, but not to the other 1LY receptor CXCRZ. Such
treatment sclectively targeted cancer stem cells as demonstrated by reduced Aldefluor-
positive populations, Remarkably, it found that although CXCRY is only cxpressed in a
very small porcentage of cells {c.g., less than 1%6), that blockade of the CXCRI
receptor induced cell death in the majority of other cancer cells despite the fact that
they lack the CXCRI receptor. The molccular pathway which mediates the offects of
1L om cancer siem cells and accounts for this so~-calted "bystander offect” of killing
other cells has been elucidated. 118 stimulates stern ecll self-renewal by binding to
CHCRIE, which in torn activates the focal adhesion kinase Fak pathway., This resulis in
activation of Akt which drives stem cell self~renewal, Wheo this pathway s blocked ju
cancer siem celly, the deorease in Akt signaling canses cytoplasmic sequestration of the
Foxoe transcription factors resulting in an incroased synthesis of Fas hgand. Fas ligand
is secreted from cancer stem cells and induces cell death in surrounding cells which
contain the Fas receptor,

While the present tnvention 1§ not Himited to any particular mechanism, and an
understanding of the mechanism is not necessary to practice the present invention, it is
heheved that CXCRI mediates cancer stem cell self-renewal through a pathway

involving Fak and Akt and that blockade of this pathway induoces cell death in caneer
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stent cells as well as surrounding fwoor cells. As such, in certain embodiments, the
present inveniion provides compositions and methods for disrupting the IL8-CXCRI
pathway {e.g., with anti-CXCR1 antibodies, anti-FAK antibodies, or other agents) in
order to treat cancer,

Since L& is a chemokine involved in tissue inflamimation, there has been
previous interest in developing inhibitors of IL8 signaling. A small molecule inhibitor,
Repartaxin, has been developed as ap anti-inflamunatory agent to potentially reduce
complications of myocardial infarction and stroke. Repartaxin has been introduced Into
phase I and phase If clinical frials and has shown little toxicity. As shown in the
Examples below, Repartaxin (like anti-CXCR1I antibodies) is able to target cancer sterm
cells as well as to induce a Fas ligand fas mediated apoptosis by bystander effect in

«

surrounding cells. Importantly, in tumor xenografts, Repartaxin poteniiates the effect
of chemotherapy. Furthermore, unlike chemotherapy, which preferentially destroys the
differentiated cells i tomors sparing the tumor stem cells, Repartaxin is able to target
fumor stem cells. As shown in the examples, this was domonstrated by a decrease in
the Aldefluor population in Repartaxin treated tumors and by the decrease in ability of
these treated tumor cells to form sccondary tumors in mice, Also tosted was the cffects
of Repartaxin on the ability to block metastasis. Tumor cells were labeled with
hieiferase and injected infracardiac in an cxperimental metastasis model, One day afte
the tumor cells were infroduced, one group of antmals was placed on repartaxin alone
and the other no treatment, Repartasin significantly reduced the developiment of
metastasis,

The present invention identified the 1L receptor CXCRI a8 a target in treating
cancer stem cells. The small molecule inhibitor Repartaxin inhibits both CXCR I and
CXCR2. The Examples demonstrated that it 1s CXCR! that is the most iraportant
receptor in cancer stem cells. Fuarthermore, the Examples indicate that the failure of
cytotosic chemotherapy to alfectively treat established cancers may be not only due w
the inability of this therapy to target cancer stem cells, but in addition to the
documented increase of HLE secretion upon tumor oviotoxic chemotherapy treatment.

The present Examples indicate that the use of CXCR1 inhibitors have beneficial effects
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in being able 1o specifically target cancer stem cells as well as to block the 1LS
siimulation of these cells induced by cytotoxic chemotherapy.

Targeting the 1LE-CXCRT pathway is not imited {0 breast cancer, but instead,
can be emploved tn any type of cancer. Preferably, the type of cancer ircated is one
where there 18 evidence of ingreased IL8 production {e.g., in conjunction with
chemotherapy). Chemotherapy agents have been shown to directly vegudate ILE
transeription in cancer cells. Paclitaxel increases 1LY transcription and secretion in
ovarian, breast and lung cancer cell Hnes (Ushe et al., 2003, ot | Gynecol. Cancer,
15:240-245; and Collins et al., 2000, Can. Inun. Immmno., 49:78-84, both of which are
herein incorporated by reference). Also, adnunistration of adriamyein and 5-fluoro-2°-
deoxvuridine to breast cancer cells (Belarco ot al., 2001, Can. Res. §1:2857-2861,
herein incorporated by reference), the addition of 5-FU to orsl cancer cells (Tamatani ¢t
al., 2004, Int., J. Can., 108:912:921, herein incorporated by reference), dexombicin
addition to small cell fung cancer cells (Shibakwra et al., 2003, Int. J. Can., 103:380-
388, 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 increaged CXCLS cxpression. As such, in ¢ortain embodiments, the present
mvention provides agents for targeting the IL-CXCRI, in combination with a
chemotherapy agents (e.g., such as those mentioned in the above references) for
treating a subject with a type of cancer iucluding, but not limited 10, prostate cancer,
ovanan cancer, breast cancer, melanoma, non-small ool Jung cancer, smalt-cell tong
cancer, and esophageal adenocarcinoma,

The present invention is not Hmied o the type of cancer treated and instead
mcludes, but 1s vot hiited to, fibrosarcora, myxosarcoma, liposarcoma,
chondrosarcoma, 0sicogenic sarcoma, chordoms, angiosarcoma, cudotheliosarcoma,
lymphangiosarcoma, lvmphangioendothehosarcoma, synovioma, mesothelioma,
Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon carcinona, pancreatic
cancer, breast cancer, ovarian cancer, prostate cancer, squamous cell carcinoma, basal
cell carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma,
papillary carcinoma, papillary adenocarcinomas, cystadenocarcinoma, medullary

carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct
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carcinona, chortocarcinema, seminoma, embryonal carcinoma, Wilms' tumor, cervical
cancer, testicular tumor, hung carcinoma, small cell lung carcinoma, bladder carcinoma,
epithelial carcinoma, glioma, astrocytoma, medulloblastoma, craniopharyngioma,
ependymonma, pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioma,

meningioma, melanoma, neuroblastoma, and retinoblasioma.

{5 Detection of Solid Tamor Stem Cell Cancer Markers

In some embodiments, the present invention provides methods for detection of
expression of stein cetl cancer markers (e.g., CXORI, FBYNO21, NFYA, NOTCH?2,
RADSILL T BI’, and other proteins from Table 1). In some embodiments, cxpression is
measured directly {c.g., at the RNA or protein level). In some embodiments, expression
is detected in tissue samples (e.g., biopsy tissue). In other embodiments, expression is
deteeted in bodily fluids (e.g., including but not limited to, plasma, scrum, whole blood,
mucus, and urine).

The present invention fucther provides pancls and kits for the detection of
markers. In some cmbodiments, the presence of a stem cell cancer marker is used to
provide a prognosis to a subject. The information provided is also used to direct the
course of treatment. For example, if a subject is found 0 have a marker indicative of &
soiid tumeor stem cell {e.g., CXCRL, FBXO21, NFY A, NOTCHZ, RADSILL, TBP, and
other proteins from Table 1}, additional therapies (e.g., radiation therapies) can be started
at an carlicr point when they are more likely to be effective {e.g., before metastasis).
addition, if a subject ts foond to have a twpor that is not responsive to certain therapy, the
expense and inconvenience of such therapics can be avoided.

Tn some embodiments, the present myention provides a panel for the analysis of a
phurality of markers {e.g., the combimation of CXCRY or FBXO21 and at least one of
D44, CD24. and ESA}. The panel allows for the simultaneous analysis of multiple
markers correlating with carcinogenesis and/or metastasis. Depending on the subjest,
panels can be analyzed alone or in combination in order to provide the best possible
diagnosis and prognosis. Markers for inclusion on a panel are selected by screening for
their predictive value using any suitable method, including but not Hmited to, those

described in the illustrative examples below.
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i Detecrion of RNA

in some embodiments, detection of solid furnor stem cell cancer markers are
detected by measuring the expression of corresponding mRNA in a tissue sample.
mRNA expression can be measured by any suitable method, including but pot limited o,
thosc disclosed below, The accession munber for human CXCRI pucleic acid is
NM_ 000634 (herein incorporated by reference} and the accession number for human
FBXO21 is NM_033824 (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 itvolves the separation of RNA and hybridization of & complementary labeled
probe.

In still farther embodiments, RNA (or corresponding cDNA) is detected by
hybridization to an oligonucleotide probe). A varicty of hybridization assays using a
varicty of technologies for hybridization and detection are availablic. For cxample, in
some embodiments, TagMan assay (PE Biosystems, Foster City, CA; See e.g., US.
Patent Nos. 5.962,233 and 5,538,848, cach of which is herein incorporated by reference}
is utilized, The assay is performoed during a PCR reaction. The TagMan assay exploits
the 53'-3' cxonuciease activity of the AMPLITAQ GOLD DNA polvmerase. A probe
consisting of an oligonucleotide with a S-reporter dye {e.g., a fluorescent dye) and a 3'-
gquencher dye is included i the PCR reaction. During PCR. if the probe is bound to 18
target, the 53" nueleolytic activity of the AMPLITAQ GOLD polymerase cleaves the
probe between the reporter and the quencher dye. The separation of the reporter dye

s
¥

from the quencher dyve resulls in an increase of floorescence. The signal acourmulates
with each cvele of PCR and can be monitored with a fuorimeter,

Tn yet other embodiments, reverse-transeriptase PCR {RT-PCR) is used to detect
the expression of RNA. In RT-PCR, RNA is enzymatically converted 1o complementary
DNA or "cDNA" using a reverse transcriptase enzyme. The eDNA is thenused as a
template for a PCR reaction. PCR products can be detected by any suitable method,
including but not limited to, gel electrophoresis and staining with a DNA specific stain or

hybridization to a labeled probe, In some embodiments, the quantitative reverse
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transcriptase PCR with standardized nuxtures of competitive temaplates method deseribed
in 1L.S. Paients 3,636,606, 5,643,765, and 5,876,978 {cach of which is herein

incorporated by reference) is utilized.

2. Datection of Protein

In other embodiments, gene expression of stem cell cancer markers is detected by
g., CXCRI,
FRXO21, NFYA, NOTCHZ, RADSILL, TBP, and other proteing from Table 1). Protein

s

meastring the expression of the corvesponding protein or polypeptide (e.g

expression can be detected by any suitable method. In some embodiments, proteins are
detected by immunohistochemistry. In other embodiments, proteins are detected by their
binding to an antibody raised against the protein. The accession number for human
CXCR1 protein is NP_0006235 (herein incorporated by reference) and the accession
mumber for buman FBXO21 s NP 296373 (herein incorporated by reference), The
generation of antibodies is described below.

Antibody binding is detected by technigues known in the art (e.g.,
radicimmunaassay, ELISA {enzyme linked immunosorbant assay), "sandwich”
Impmuneassays, imnmnoradiometric assays, gel diffusion precipitation reactions,
immunodiffusion assays, in situ immunoassays {¢.g., nsing colloidal gold, enzyme or
radioisotope labels, for example), Western blots, precipitation reactions, agglutination
assavs {e.g., gel agglutination assays, hemagglutination assays, ete.), complement fixation

assays, immunofluorescence assays. protein A assays, and immuonocloctrophoresis assays,
efe.

In one embodiment, antibody binding is detected by detecting a label on the
primary antibody. In another erubodiment, the primary antibody is detected by detecting
binding of a secondary antibody or reagent to the primary anibody. In a furiher
embodiment, the secondary antibody i¢ labeled. Many methods are knowsn in the an for
detecting binding m an immunoassay and are within the scope of the present invention,

In some embodiments, an antomated detection assay is utilized. Methods for the
automation of mmunoeassays inchide those deseribed in ULS, Patenis 5,885,530,
4,981,785, 6,159,750, and 5,358,691, cach of which is herein incorporated by reference.

In some embodiments, the analysis and presentation of vesults is also automared. For
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example, in some entbodiments, software that generates a prognosis based on the
presence or absence of a series of proteins corresponding 10 cancer warkers is utilized.
fu other embodiments, the immunoassay described in U.S. Patents 5,599,677 and

5.672.480; each of which is herein incorporated by reference.

3. cDONA Microarray Technology

cDNA microarrays are composed of multiple {usually thousands) of different
cDMNAs spotted (usually nsing a robotic spotting device) onto known locations on a solid
support, such as a glass microscope slide. The ¢DNAs are typically obtained by PCR
amplification of plasmid library inserts using primers complomentary to the vector
hackbone portion of the plasmid or 10 the gene itself for genes where sequence is known,
PCR products suitable for production of microarrays are typically between 0.5 and 2.5 kB
in longth. Full length cDNAg, cxpressed sequenoce fags (ESTs), or randomly chosen
cENAsg from any library of interest can be chosen. ESTs are partially sequenced cDNAs
as described, for example, in Hillier, ot al,, 1996, 6:807-828. Althongh some ESTs
correspond to known genes, frequently very little or no information regarding any
particular EST is available except for a small amount of 3' and/or §' sequence and,
possibly, the tissue of origin of the mRNA from which the EST was derived. As will he
appreciated by one of ordinary skili in the art, in general the ¢DNAs contain sufficient
sequence mformation o unwgeely identify a gene within the humean genome.
Furthermore, in general the ¢ DNAg are of sufficient length 1o hvbridize, sclectively,
specifically or uniguely, to ¢DNA obtammed from mRNA. derived from a single gene
under the hybridization conditions of the cxperiment,

Tn a typical microarray experimnent, a nucroarray is hybridized with differentially
labeled RNA, DNA, or cDNA populations derived from two different samiples. Most
commonly RNA (either total RNA or poly A+ RNA) 18 isolated from cells or tissues of
interest and is reverse transeribed (o vield ¢DNA. Labeling is usually performed during
reverse transcription by incorporating a isbeled nucleotide in the reaction mixture.
Although various labels can be used, wost corarnonly the nucleotide is comugated with
the flnorescent dyes Cy3 or Cy5. For example, Cy5-dUTP and Cy3-dUTP can be used.

cDNA derived from one sample {representing, for example, a particidar cell type, tssue
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type or growth condition) is labeled with one fluorophore while ¢DNA devived from a
second sample {representing, for example, a different cell type, tissue type, or growth
condition) is labeled with the second flnorophore. Similar amounts of labeled material
from the two samples are cobybridized (o the microarray. In the case of a microarray
experiment in which the samples are labeled with Cy3 (which fluoresces red) and Cy3
{which flooresces green), the primary data (obtained by scanning the microarray using a
deteetor capable of quantitatively detecting fhuorescence tntensity) are ratios of
fluorescence intensity (red/green, R/G). These ratios represent the relative concentrations
of cIINA molecules that hybridized to the cDNAs represented on the microarray and thus
reflect the relative expression levels of the mRNA corresponding to each cDNA/gene
represented on the microarray.

Each microarray experiment can provide tens of thousands of data points, each
represcating the relative expression of a particular geric in the two samples. Appropriate
organization 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 genc expression data is to group genes with similar
expression patterns together into clusters. A method for performing hicrarchical cluster
analysis and display of data derived from microsrray experiments is described in Eisen et
al., 1998, PNAS 95:14863-14868. As desenibed therein, clustering can be combined with
a graphical representation of the primary datz in which cach data point is represented
with a color that quantifatively and qualitatively represents that data point. By converting
the data from a large table of numbers into a visval format, this process facilitates an
intoitive analysis of the data. Additional information and details regarding the
mathematical tools and/or the clustering approach itself can be found, for example, in
Sokal & Sneath, Principles of numerical taxonomy. xvi, 359, W, T, Freeman, San
Francisco, 1963, Hartigan, Clustermg algorithuns, 31, 351, Wiley, New York, 1975; Paull
et al., 1989, I Natl. Cancer Inst. 81:]088-92; Weinstein et al, 1992, Scienoe 258:447-51;
van Osdol et al,, 1994, I, Natl. Cancer Inst. 86:1853-9; and Weinstein et al., 1997,
Sejence, 275:343.9,

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

found in the Example below. Additional information describing methods for fabricating
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and using microarrays 1s found in U8, Pat, No, 5,807,522, which 1¢ herem incorporated
by reference. lustructions {or constructing raicroarray hardware (e.g., arvavers and
scanners) using commercially avaitable parts. Additional discussions of microarray
technology and protocols for preparing s:;amples and performing microrarray experiments
are 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. Schena {ed.), DNA
Microarrays: A Practical Approach, Oxford University Press, Ogford, UK, 1999,

4, Date Analysis

In some embodiments, a computer-based analysis program is used to transiate the
raw data generated by the detection assay {e.g., the presence, absence, or amount of a
given marker or markers) o data of predictive valne for a clinician. The clinician can
access the predictive data using any suiable means. Thus, in some embodiments, the
present invention provides the further benefit that the clinician, who is not kely fo be
trained in genetics or molecular biology, need not understand the raw data. The data is
presented directly to the chinician in s most useful form. The clinician is then able to
mmediately utitize the information in order to eptimizre the care of the subject.

The present invention conternplates any method capable of recciving, processing,
and transmitting the mformation to and from laboratories conducting the gssays,
mnformation provides, medical personal, and subjects. For example, in some
erabodiments of the present invention, a sample {¢.g., 2 biopsy 0T 4 serum or urine
sampic} s obtained from a subject and submatted to a profiling service (e.g., clinweal lab

a medical facility, genonve profiling busimess, ete.), located fn any part of the world
{e.g., in a country different than the country where the subject resides or wherg the
mformation 1s ultimately nsed) to generate raw data. Where the sample comprises s
tissue or other biological savople, the subject can visit a medical center to have the sample
obtained and sent to the profiling center, or subjects can collect the sample themselves
and divectly send it to a profiling center. Where the sample comprises previously
determined biological information, the information can be divectly sent {0 the profiling

service by the subject {e.g., an information card containing the information can be

w
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scanmed by a computer and the data transmitted w a computer of the profiling center
using an electronic conmumunication system). Once received by the profiling service, the
sample is processed and a profile is produced (e.g., expression data), specific for the
diagnostic or prognostic information desired for the subject.

The profile data is then prepared in a format suitable for interpretation by a
treating clinician. For example, rather than providing raw expression data (e.g.
examining a number of the markers), the prepared format can represent a diagnosis or
visk assessment for the subjeet, along with recommendations for particular treatment
options. The data can be displayed to the clinician by any suitable method. For example,
in some embodiments, the profiling service generates a report that can be printed for the
clinician {e.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 carc or ata
regional facility. The raw data is then sent to a central processing facility for further

~
T

analysis and/or to convert the raw data to information useful for a clinician or patient.
The central processing facility provides the advantage of privacy {all data is stored in a
central facility with uniform security protocols), speed, and uniformity of data analysis,

The central processing facility can then control the fate of the data following treatment of

%

the subject. For exampie, using an clectronic communication system, the central facility
can provide data to the clinician, the subject, or rescarchers.

In some embodiments, the subject is able to directly acoess the data using the
elestronic commumication systern. The subject can chose farther intervention or
counseling hased oun the resnits. In some embodiments, the data is used for vesearch use,
For example, the data can be used to further optimize the mehision or chimination of

markers as usefnl indicators of 3 particular condition or stage of disease,
£

3. Kits

In yet other embodirents, the present invention provides Kifs for the detection
and characterization of cancer (e.g. for detecting oune or more of the markers, or for
moduiating the activity of a peptide expressed by one or more of markers), 1u some
embodiments, the kits contain antibodies specific for a cancer marker, in addition to

detection reagents and buffers. In other embodiments, the kits contain reagents specific
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for the detection of mRNA or ¢DNA {e.g., oligonucleotide probes or primers). In some
embodiments, the kits contain all of the components necessary and/or sufficient to
perfonm 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 to test for the
presence of the polynucieotides or proteins. The kit can comprise, for example, an
antibody for detection of a polypeptide or a probe for detection of 2 polyuncleotide. in
addition, the kit can comprise a reference or control sample; instructions for processing
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. In other embodiments the kit comprises a cDNA or oligonuclectide array
for detecting expression of one or more of the genes of the selid tumor stem cell gene

signatiuye.

8. In vive Imaging

In some embodiments, in vivo imaging technigues are used to visualize the
expression of cancer markers in an animal (e.g., 2 buman or non-human mammal), For
cxample, in some embodiments, cancer marker mRNA {e.g., CXCRY or FBXO2
mRMNA) or protein {e.g., CHCR1 or FEXO21 protein) is labeled using 2 labeled antibody
specific for the cancer marker. A specifically bound and labeled antibody can be
detected in an individual using an in vive Imaging wethod, including, but not imited fo,
radionuclide imaging, positron croission tomography, compuierized axial tomography, X-
ray oF magnetic resonance imaging method, fluorescence detection, and
chemitumunescent detection, Methods for geverating astibodics o the cancer markers of
the present invention are described below.

The n vive imaging methods of the present invention are usefil in the diagnosis
of cancers that express the solid tumor stem cell cancer markers of the present invention,
In vivo imaging is used to visualize the presence of a marker dicative of the cancer.
Such technigues allow for diagnosis withowt the use of an unpleasant biopsy. The in vivo

mmaging methods of the present fnvention are also useful for providing prognoses w
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cancer patients. For example, the presence of 2 marker indicative of cancer stem cells
can be detected, The in vivo imaging methods of the present invention can further be
used to detect metastatic cancers in other parts of the body.

Ir some embodiments, reagents (e.g., antibodies) specific for CXCR1 or FBXOL1
are finorescently labeled. The labeled aniibodies are introduced into a subject (e.g.,
orally or parenterally). Finorescently labeled antibodies are detected using any suitable
nethod {e.g., using the apparatus deseribed in U8, Patent 6,198,107, herein incorporated
by reference).

In other embodiments, antibodies are radicactively labejed. The use of antibodies
for in vivo 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
radicimmunascintographic imaging of tumors using Indinne-111 as the fabel. Griffin et
al., (J Clin Onc 9:631-640 {1991]) have described the usc of this agent in detecting
tumors in patients suspected of having pancreatic cancer. The use of similar agents with
paramagnetic ions as labels for magnetic resonance imaging is known in the art (Lauifer,
Magnetic Resonance in Medicine 22:339-342 [19917). The label used will depend on the
imaging modality chosen. Radicactive labels such as Indivm-111, Technetion-99m, o
lodine-131 can be used for planar scans or single photon emission computed tomography
(SPECT). Positron cmitting labels such as Fluorine-19 can also be used for posiiron
cruission tomography (PET). For MRI, paramagnetic ions such as Gadolinium (11} or
Manganese (11) can be used.

Radioactive metals with half-lives ranging from 1 hour to 3.5 days are available
for conjugation to antibodics, such as scandhumn-47 (3.5 days) gallhum-67 (2.8 days),
gallinm-68 (68 minutes), technetiium-99m (6 hours), and ndium-111 (3.2 days}, of
which gallium-67, technetiom-9%m, and indium-111 are preferable for ganvna camera
imaging, gallinm-68 is preferable for positron emission temography.

A useful method of labeling antibodies with such radiometals is by means of a
bifenctional chelating agent, such as diethyienctriaminepentaacetic acid {DTPA), as
described, for example, by Khaw et al. (Science 209:295 {19807 for In-111 and Tc-99m,
and by Scheinberg et al. (Science 215:1511 {1982]). Other chelating agents can also be

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

LN
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DTPA are advantageous becanse thew use permits conjugation withowm affecting the
antibody's mmunoreactivity substantially.

Another method for coupling DPTA to proteins is by use of the cyclic anhydride
of DTPA, ag described by Huatowich et al. (Int. 1. Appl. Radiat, Isot. 33:327 [19821) for
labeling of albomin with In-111, but which can be adapted for labeling of antibodies. A
suitable method of labeling antibodies with Te-99m which does not use chelation with
DPTA s the pretinning method of Crockford ot al., (U.S. Pat. No. 4,323,546, herein
incorporated by reference).

A method of labeling immunoglobuling with To-99m is that described by Wong et
al. (Int. &, Appl. Radiat. Isot,, 29:251 [1978]) for plasma protein, and recently applied
successtully by Wong et al. (4. Nucl. Med., 23:229 [1981]) for labeling antibodics.

In the case of the radiometals conjugated to the specific antibody, it is likewise
desirabic to introduce as high a proportion of the radiolabel as possible into the antibody
molecule without destroving its immuncspecificity. A further improvement can be

achieved by offccting radiotabeling in the presence of the specific stom cell cancer
marker of the present invention, to insure that the antigen binding site on the antibody
will be protected.

In still further embodiments, in vivo biophotonic mmaging {Xenogen, Almeda,
CA) is ntilized for in vive imaging. This real-time in vivo imaging utihizes luciferase,
The huciferase gene is incorporaied into cells, microorganisms, and animals (e.g., s a
fusion protein with a cancer marker of the present invention). When active. it leads o a
reaction that emus light. A CCD camera and software is used to capture the image and

analyze it

I, Antibodies and Antibody Fragments

The present mvention provides 1solated antibodies and antibody fragments against
CXCRI, FBXOZL, NFY A, NOTCH2, RADSILL, TBP, and other proteins from Table §.
The antibody, or antibody fragment, can be any monoclonal or polycional antibody that
specifically recognizes these protoins. In some embodiments, the present invention
provides monoclonal antibodies, or fragments thereof, that specifically bind to CXCRI,

FBXO21, NFYA, NOTCH2, RADSLLL, TBP, and other proteins from Table 1. In some



%
[€4]

20

13
o

embodiments, the monoclonal antibodies, or fragments thereof, are chimeric or
humanized antibodies that specifically bind 1o these proteins. In other ewbodiments, the
monoclonal antibodies, or fragments thereof, are human antibodies that specifically bind
1o these proteins.

The antibodies against CXUR1, FBXO21, NEYA, NOTCH2, RADSILL, TBP,
and other profeins from Table 1 find use in the experimental, diagnostic and therapeutic
methods deseribed herein. In certain embodiments, the antibodies of the present
invention are used to detect the expression of a cancer stew cell marker protein in
biological samples such as, for example, a patient tissue biopsy, pleural effusion, or blood
sampie. Tissne biopsies can be sectioned and protein detected using, for Lhampi
immmoiluorescence or immunochistochemistry. Alternatively, individual cells from a
sample are isolated, and protein expression detected on fixed or live cells by FACS
analysis. Furthermore, the antibodics can be used on protein arrays to detect cxpression
of a cancer stem cell marker, for example, on tumor ceils, in cell tysates, or in other
protein samples. In other embodiments, the antibodics of the present invention are used
to inhibit the growth of tumor cells by comtacting the antibodies with tumor cells cither in
vitro ccll based assays or in vivo animal models. In still other cmbodiments, the
antibodies are used to treat cancer in a human patient by administering a therapeutically
effective amount of an antibody against a cancer stem cell marker (e.g., from Table 1).

Polyclonal antibodies can be prepared by any known method. Pelyclonal
antibodies can be raised by iromunizing an aniral {c.g. a rabbit, rat, movse, dovkey, ¢te}
by mudtiple suheutaneous or tiraperitoneal injections of the relevant antigen (a purified
peptide fragment, full-length recombinant protin, fusion protem, ote} optionally
conjugated to keyhole limpet bemocyanin (KL, serum albomin, ete. diloted m sterile
saline and combined with an adjuvant {e.g. Complete or Incompleic Freond's Adjuvant)
to form a stable emalsion. The polyclonal antibody is then recovered from blood, asciies
and the hike, of ap animal so immunized. Collected blood is clotted, and the scrum
decanted, clarified by centrifugation. and assayed for antibody titer. The polyvclonal
antibodies can be purified from serum or ascites according to standard methods in the art
including affinity chromatography, ion-exchange chromatography, gel electrophoresis,

dialysis, ete,
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Monoclonal antibodies can be prepared using bybridoma methods, such as those
descrived by Kobder and Milstein (1975 Natwre 256:4935. Using the hybridoma method,
a mouse, hamster, or other appropriate host andmal, 18 immuonized as described above o
elicit the production by lvmphocytes of antibodies that will specifically bind to an
irmmuizing antigen. Alternatively, Iviaphocytes can be imminized in vitro, Following
immunization, the lymphocytes are isotated and fused with a suitable myeloma celf line
using, for example, polyethylenc glyool, to form bybridoma cells that can then be
selected away from wnfused tyrmophooytes and myveloma cells. Hybridomas that produoce
monoclonal antibodies divected specifically against a chosen antigen as determined by
immunoprecipitation. immunoblotting, or by an in vitro binding assay such as
radisimimunoassay (RIA) or enzyme-linked immunosorbent assay (ELISA) can then be
propagated either in vitro culfure using standard methods {Goding, Monoclonal
Antibedies: Principies and Practice, Academic Press, 1986) or in vivo as ascites funors
in an animal. The monocional antibodies can then be purified from the culmire medium
or ascites fluid as described for polyelonal antibodics above,

Alternatively monoclonal antibodies can also be made using recombinant DNA
methods as described in U8, Patent 4,816,567, The polynucieotides encoding a
monocional antibody are isolated, such as from mature B-cells or hybridoma cell, such as
by RT-PCR using oligonucieotide primers that specifically amplify the genes encoding
the heavy and light chang of the antibody, and their seguence is determined using
conventional procedures. The isolated potynucleotides encoding the heavy and light
chains are then cloned fnto suitable expression vectors, which when transfected mto host
cells such a5 & coli cells, simian COS cells, Chinese hamster ovary (CHO) cells, or
myeloma cells that do not otherwise produce tmmonoglobulin protein, monocioval
antibodics are generated by the host celis. Also, recombinant monocional antibodics or
fragments thereof of the desired species can be isolated from phage display libraries as
descrived (MeCatferty ef al., 1990, Nature, 348:552-554; Clackson et al., 199}, Nature,
352:624-628; and Marks et al., 1991, 1. Mol Biol,, 222:581-397.

The polynuciestide(s) encoding a monoclonal antibody can further be modificd in
a number of different manners wsing recombpinant DNA technology to generate

alierpative antibedies. In one embodiment, the constant domasus of the light and heavy
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chains of, for example, a mouse monocional amibody can be substituied ) for those
regions of, for example, @ human antibody to generate a chimeric antibody or 2) fora
non-inminogiobulin polypeptide to generate a fusion antibody. In other embodiments,
the constant regiony are truncated or removed to generate the desired antibody fragment
of & monoclonal antibody, Furthermore, site-directed or high-density mutagenesis of the
variable region can be used to optimize specificity, affinity, etc. of a monocional
antibody.

In some embodiments, of the present invention the moneclonal antibody against a
cancer stem cell marker is a humanized antibody., Humanized antibodies are antibodi
that contain minimal segnences from nor-human {e.g., muring} antibodies within the
variabie regions. Such antibodies are used therapeutically to reduce antigenicity and
HAMA (human anti-mouse antibody) responses when administered to a human subject.
in practice, humanized antibodices are typically human antibodies with minimum to no
non-human sequences. A buman antibody is an antibody produced by a human ar an
antibody having an amine acid sequence corresponding to an antibody produced by &
homan.

Humanized antibodies can be produced vsing various techniques known in the art.
An antibody can be humanized by substituting the CDR of a human antibody with that of

a non-hivman antibody {e.g. mouse, rat, rabbit, hamster, ctc.) havmg the desired

specificity, affinity, and capability (Jones ot al,, 1986, Natore, 321:522-525; Riechmann
ot al,, 1988, Nature, 332:323-327; Verhoeven ct al., 1988, Scien f:, 239:1534-1538). The

humanized antibody cau be further modified by the substitution of additional residue
gither in the Fyv framework tegion and/or within the replaced non-hurmnan residucs o
refine and optimize antibody specificity, affinity, and/or capability.

Human antibodies can be divectly prepared using varions fechnigues known in the
art. Townortalized buman B Iyrophocyies mimaruzed m vitro or isolated from an
ymmunized individual that produce an antibody directed 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 al., 1991, 1. hmmunol., 147 (11:86-95; and U.S.
Patent 5,750,373). Also, the human antibody can be selected from a phage Hbrary, where

that phage library espresses human antibodies {Vaughan et al,, 1996, Natwre
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Biotechnology, 14:309-314; Sheets ot al., 1998, PNAS, 95:6157-6162; Hoogenboom and
Winfer, 1991, 1. Mol Biol.. 227:381; Marks et al., 1991, . Mol Biol,, 222:581).
Fhamanized antibodies can also be made in transgenic mice containing human
mmunoglobulin Joct that are capable vpon immunization of producing the full repertoire
of human antibodies in the absence of sr;z’.ic‘;genmxs umnoglobulin production. This
approach is 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 invention also encompasses bispecific antibodies that specifically recognize
cancer stem cell markers. Bispecific antibodies are antibodies that are capable of
specifically recognizing and binding at feast two different epitopes.

Bispecific antibodies can be intact antibodies or antibody fragments. Technigues
for making bispecific antibodies are common in the art (Millstein et al., 1983, Natore
3645:537-5339; Brennan et al,, 1985, Science 229:81; Surcsh ot al, 1986, Mcthods in
Enzymol. 121:12{); Traunecker ot al., 1991, EMBO [ 1{1:3655.3659; Shalaby et al., 1992,
I Exp. Med. 175:217-225; Kostelny ct al., 1992, I, Immunol, 148:1547-15323; Gruber ¢t
al., 1994, J. Imnmuomol. 152:5368; and V.S, Patent 5,731.168),

In certain embodiments of the invention, it may be desmabie to use an antibody
fragment, rather than an intact antibody, to increase wmor penctration, for example.
Varjous techniques are known for the production of antibody fragments, Traditionally,
these fragments are derived via proteoiytic digestion of intact antibodies (for example
Morimwoto et al., 1993, Jourmnal of Biochemical and Biophysical Methods 24:3107-117 and
Brennan et al., 1985, Science, 229:81). However, these fragments are now typically
produced dircetly by recombinant host cells as deseribed above, Thus Fab, Py, and scFv
antibody fragments can all be expressed in and secreied from E. coli or other host cells,
thus allowing the production of large amounts of these fragments. Alternatively, such
antibody fragments can be isolated from the antibody phage libraries discussed above,
The antibody fragment can also be lingar antibodies as described in UK. Patent
5,641,870, fur example, and can be monospecific or bispecific. Other technigues for the
production of antibody fragments will be apparent to the skilled practitioner.

It may further be desivable, especially in the case of antibody fragments, to

modify an antibody in order to increase its senuy half-life. This can be achieved, for
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example, by wncorporation of a salvage receptor binding epulope into the antibody
fragroent by mustation of the appropriate region in the autibody fragment or by
incorporating the epitope into a peptide tag that is then fused to the antibody fragment at
gither end or m the middie (e.g., by DNA or peptide synthesis).

The present invention further embraces variants and equivalents which are
substantially homologous to the chimerie, hamanized and human antibodies, or antibody
fragments thereof, set forth herein, These cap contain, for cxample, conservative
substitution mutations, 1.e. the substitution of one or more aming acids by similay amino
acids, For example, conservative substitution refers to the substitution of an aming acid
with another within the same general class such as, for example, one acidic amino acid
with ancther acidic aming acid, one basic amino acid with another basic anmino acid or
one neniral aming acid by another neutral amino acid. What is irdended by a conservative
amine acid substitution is well known in the art.

The invention also pertains fo immpunoconjugates comprising an antibody
conjugated {o a cytotoxic agent. Cytotoxic agents include chemotherapeutic agents,
growth inhibitory agents, toxins {¢.g., an enzymatically active toxin of bacierial, fungal,
plant, or animal origin, or fragmems thereof), radivactive sotopes {i.¢., a radicconjugatc),
cte. Chemotherapeutic agents useful in the generation of such immunoconjugates
molude, for example, methotrexate, adriamicin, doxorubicin, melphalan, mitomycin C,
chiorambucil, daumorubicin or other intercalating agents. Enzymatically active toxing
and fragments thercof that can be used include diphtheria A chain, nonbinding active
fragments of diphtheria toxin, exotoxin A chain, ricin A chain, abrin A cham, modeccin
A chain, alpha-sarcin, Aleuritcs fordu proteins, dianthin proteins, Phyvtolaca americana
nroteins (PAPL, PAPTI, and PAP-S), momordica chatantia jobibifor, curein, crotin,
sapaonaria officinalis inhibitor, gelonin, witogellin, restrictocin, phenomyein, enomyein,
and the tricothecenes. A variety of radionuclides are available for the production of
radioconjugated antibodies ncluding 212B1, 1311, 131, 90Y, and 186Re. Conjugates
of the antibody and cytotoxic agent are made using a variety of bifunctional proiein-
coupting agents snch as N-succinimidyl-3-(Z-pyridyidithiol) propionate (SPDP),
iminothiolane (IT), bifunctional derivatives of tmidoeesiers (such as dimethyi adipiimudate

HCL}, active esters {such as disuccinimidyl suberate), aldehydes (such as
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glutareldehyde), bis-azido compounds (such as bis{p-axidobenzovl) hexanediamine), bis-
diazonium derivatives {such as bis-(p-diazoniumbenzoyl)-sthylenediamine),
ditsocyanates {such as tolyene 2,6-diisocyanate), and is-active fluorine compounds
{such as 1,5-difluore-2 4-dinitrobenzene). Conjugates of an antibody and one or more
small molecule toxing, such as a calicheamicin, maytansineids, a irichothene, and
CC1065, and the derivatives of these toxins that have toxin activity, can also be used.

in some embodiments the antibody of the invention contains human Fo regions
that are modified to enhance effector function, for example, antigen-dependent cell-
mediated cyotoxicity {(ADCC) and/or complement dependent eytotoxicity (CDC), This
can be achieved by introducing one or more aminoe acid substitutions in an Fo region of
the antibody. For example, cysteine residue{s} can be introduced in the Fe region to
allow interchain disnifide bond formation in this region to improve complement-mediated
cell killing and antibody-dependent cellnlar cytotoxicity (ADCC) (Caron et al., 1992, .
Exp Med. 176:1191-1195; Shopes, 1992, Inumanol. 148:2918-2822). Homodimeric
antibodies with cnhanced anti-tumor activity can also be propared using
heterobifinctional cross-linkers as desceribed in Wolff er al., 1993, Cancer Rescarch
53:25360-2565. Alternatively, an antibody can be engincered which has dual Fe regions

{Stevenson et al., 1989, Anti-Cancer Drug Design 3:219-230),

W,  Trrug Screening

In some embodiments, the preseut mvention provides drug screening assays {e.g.,
to soreen for anticancer drugs). The sereening methods of the present invention utilize
stem colf cancer markers (.g., CXCRI, FBXO21, NEY A, NOTCHZ, RADSILE, TBP,
and other proteins frora Table 1Y identified using the methods of the present invention.
For example, 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,
CXCRI or FBXOZ1. In sume erobodiments, candidate compounds are antisense agents
or siRNA agents {e.g., oligomucleotides) directed against cancer markers. In other
cmbodiments, candidate compounds ave antibodics that specifically bind o a stem cell
cancer marker of the present invention. In certain embodiments, libraries of compounds

of small molecules are screened using the methods described herein,
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in one sereening method, candidate compounds ave evaluated for their anlity to
atter 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. In some embodiments, the effect of candidate compounds on expression of a
cancer marker gene is assayed by detecting the level of cancer marker mBNA expressed
by the cell. mRNA expression can be detected by any suitable method. In other
embodiments, the effect of candidate compounds on expression of cancer marker genes is
assayed by measuring the tevel of polypeptide encoded by the cancer markers. The level
of polypeptide expressed can be measured using any suitable method, including but not
lirnited to, those disclosed hercin. In some embodiments, other changes in cell biology
{e.g., apoptosis} are detected.

Specifically, the present invention provides screening methods for identifying
modulators, i.c., candidate or tost compounds or agents (¢.g., proteins, peptides,
peptidomimetics, peptoids, small molecules or other drugs)y which bind to, or alter the
signaling or function associated with the cancer markers of the present fnvention, have an
inhibitory {or stintulatory} effect on, for example, stem cell cancer marker expression 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 idemified can be
used to modulate the activity of target gene products {c.g., stem cell cancer marker genes,
such as CXCRI or FBXO2 1) either directly or indirectly in & therapeutic protocol, o
claborate the biclogical function of the target gene product, or to identify compounds that
distupt normal target gene interactions. Compounds which inhibit the activity or
exprossion of cancer markers are useful in the treatment of proliferative disorders, e.g.,
cancer, particalarly metastatic cancer or elinunating or controlling tumor stem cells to
prevent or reduce the nisk of cancer,

fn one embodiment, the mvention provides assays for sereening candidate or test
compounds that ave 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 modulate the activity of a

cancer marker profein or polypeptide or a biologically active portion thereof.
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The test compounds of the present invention can be obtained using any of the
nummerous approaches in combinatorial library methods koown m the art, incleding
biological libraries; peptoid libraries (libraries of molecules having the functionalities of
peptides, but with a novel, non-peptide backbone, which are resistant to enzymatic
degradation but which nevertheless remain bigactive; see, e.g., Zuckennann et al., J. Med.
Chern. 37: 2678-85 {19941} spatially addressable parallel solid phase or solution phase
libraries; synthetic library methods requiring deconvolution; the 'one-bead one-
compound’ library method; and synthetic Hbrary methods using affinity chromatography
selection. The biclogical library and peptoid litwary approaches are preferred for use
with peptide ibraries, while the other four approaches are applicable to peptide, non-
peptide oligomer or small molecule fibraries of compounds (Lam (1997) Anticancer Dmg
Des, 12:145).

Examples of methods for the synthesis of molecular librarics can be found in the
art, for example in: DeWiH ot al., Proc. Natl, Acad. Sci. U.S AL 90:6909 [1993]; Erb et
al., Proc. Nad. Acad. Sci. 1JSA 91:11422 {1994]; Zuckermann et al., J. Med. Chem.
37:2678 [1994]; Cho et al., Science 261:1303 [1993%; Carrell et al, Angew. Chem. Int.
Ed. Engl. 33.20539 [1994]; Carcll et al., Angew. Chem. Int. Bd. Engl. 33:2061 [1994]; and

Gallop et al., J. Med. Chem. 37:1233 [1994].

S

Librarics of compounds can be presented in solution {(¢.g., Houghten,
Biotechnigues {3:412-421 [19927), or on beads {Lam, Nature 354:82-84 [1991]}, chips
{Fodor, Nature 364:555-556 [19931), bacteria or spores (U.S. Patent No., 5,223,409
herein incorporated by reference), plasmids (Cull et ok, Proc. Nad, Acad, Sci. USA,
89118651869 (19921} or on phage (Scott and Smith, Science 249:386-390 [19901; Deviin
Science 249:404-406 {1990]; Cwirla et al,, Proc. Natl, Acad. Sci. 87:6378-6382 [ 1994,
Feliei, J. Mol. Biol, 222:301 [19917).

1o one embodiment, an assay 1s 3 celi-based assay in which 4 cell that expresses a
stemn cell cancer marker protein or biologically active portion thereof is contacied with a
test compound, and the ability of the test compound to the modulate cancer marker's
activity 1s defermined. Determining the abitity of the test compound to modunlate stem
cell cancer marker activity can be accomplished by monitoring, for example, changes in

enzymatic activity, The cell, for example, can be of mamyualian origin.
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The ability of the test compound to modulate cancer yaarker binding o &
compound, e.g., a stem cell cancer marker substrate, can also be evaluated. This can be
accomplished, for example, by coupling the compound, e.g., the substrate, with a
radioisotope or enzymatic label such that ’-oinding of the compound, e.g., the substrate, to
a cancer rarker can be determined by detecting the labeled compound, .., subsirate, in
a complex.

Alternatively, the stem cell canoer marker is coupled with a radicisotope or
enzymatic label to monitor the ability of a test compound to modulate cancer marker
binding to a cancer markers substrate in a complex. For example, compounds (e.g.,
substrates) can be labeled with 1251 335 14C or 34, cither directly or indirectly, and the
radioisotope detected by direct counting of radicemmussion or by scintiliation 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 ¢a
be ovaluated. For example, a microphysiorneter can be used to detect the imteraction of g
compound with a cancer marker without the labeling of either the compound or the
cancer marker (MeConnel} et al. Science 257:1906-1912 [19927). As used herein, a
"microphysiometer” {e.g., Cytosensor) is an analytical instrument that measures the rate
at which a cell acidifies its environment using a Hght-addressable potentiometric sensor
(LAPS). Changes in this acidification rate can be used as an indicator of the inferaction
hetween a compound and cancer markers,

In vet another embodiment, a cell-free assay is provided in which a cancer marker
protfein or biologically active portion thercof ts contacted with a test compound and the
ability of the test compound o bind to the stem cell cancer marker protein or biclogically
active portion thereof is evaluated, Biologically 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.8., fragments with high surface

probability scores.

o
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Coll-free assays involve preparing a reaction mishure of the target gene protain
and the test compound vader conditions and for a time sufficient to allow the two
components to interact and bind, thus forming a complex that can be removed and/or
detected.

The inferaction between two molecuies can alsoe be detected, ¢.g., using
fluorescence energy transfer (FRET) (see, for exampie. Lakowicz et al., U.S, Patent No.
5,631,169; Stavrianopoulos et al., U.S, Patent Mo, 4,968,103; cach of which is herein
incorporated by reference). A fluorophore label is selected such that a first donor

]

molecule's emitted fluorescent energy will be absorbed by a fluorescent label ona
second, acceptor’ molecude, which in turn is able to fluoresee due to the absorbed encrgy.

Alternately, the 'donor’ protein molecule can simply utilize the natwral fluorescent
energy of tryptophan residues. Labels are chosen that emit different wavelengths of light,
such that the ‘acceptor’ melccule label can be differentiated from that of the 'donoy’. Since
the cfficiency of encrgy transfer between the labels is related to the distance separating
the molecules, the spatial relationship berween the molecules can be assessed. Ina
situation in which binding ocours between the molecules, the flucrescent emission of the
‘acceptor’ molecule label in | 5 the assay should be maximal. An FRET binding cvent
can be conveniently measured through standard fluorometric detection means well known
in the art {e.g., using a {luorimeter).

In another embodiment, determining the ability of the stem cell cancer markers
profein to bind to a target molecule can be accomplished using real-time Biomolecular
Interaciion Analysis (BIA) (see, e.g.. Sjolander and Urbaniczky, Anal. Chem. 63:2338-
2345 {19917 and Szabo et al. Curr. Opin. Struct, Biol, 5:699-765 [19957). "Surface
plasmon resonance” or "BIA” detects biospecific mteractions in real time, without
laheling any of the inferactants (¢.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 resonanes (SPRY}, resulting
in a detectable signal that can be used as an indication of real-time reactions between
biglogical molecules.

Tn one embodiment, the target gene product 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 indivectly, with detectable labels discussed berein.

It may be desirable to immobilize stem cell cancer markers, an anti-cancer marker
antibody or its target molecule to facilitate separation of complexed from non-complexad
forns of one or both of the proteins, as well as to accommodate avtomation of the assav.
Binding of a test compoumnd to a stem cell cancer marker protein, or interaction of a
cancer marker protein with a farget molecule in the presence and absesce of a candidate
compound, can be accomplished in any vessel suitable for containing the reactants.
Examples of such vessels include microtiter plates, test tubes, and micro-centrifage mbes.
In one embodiment, a fusion protein can be provided which adds a domain that aliows
one or both of the proteins to be bound to a matrix. For example, glutathione-S-
transferasc-cancer marker fusion proteins or glutathione-S-transferase/target fusion
proteins can be adsorbed onte glutathione Sepharose beads (Sigma Chemical, St. Louis,
MO} or glutathione-derivatized microtiter plates, which are then combined with the test
conpound or the test compound and either the non-adsorbed target protein or cancer
marker protein, and the nuxture incubated vnder conditions conducive for complex

~

formation {e.g., at physiological conditions for salt and pH). Following incubation, the

1

cads or microtiter plate wells are washed to remove any unbound components, the

—

=

matrix immobilized in the case of beads, complex determined either directly or indirectly,
for exarmple, as described above,

Alternatively, the complexes can be dissociated from the matrix, and the level of
cancer markers binding or activity deterromed using standard techpiques. Qther
techoignes for tmroobilizing either cancer markers protein or a farget molecuie on
roatrices mmelude using conjugation of biotin and sireptavidin, Biotinylated cancer marker
protein or target molecules can be prepared from biotin-NHS (N-hydroxy-succinimide}
using techniques known in the art (e.g., biotinylation kit, Pierce Chemivals, Rock ford,
1L}, and imumobilized in the wells of streptavidin-coated 96 well plates (Pierce Chemical).

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

unreacted components are removed (e.g., by washing) under conditions such that any

EY
~%



-3
o

20

complexes formed will remain ingmobilized ou the solid surface. The detection of
complexes anchored on the solid swrface can be accomplished in a munber of ways
Where the previously non-immobilized component is pre~-labeled, the detection of label
immobilized on the surface indicates that complexes were formed. Where the previously
non-immobilized component is not pre-labeled, an indirect iabel can be used to detect
complexes anchored on the surface; e.g., using a labeled antibody specific for the
irnobilized component (the antibody, in turn, can be directly fabeled or indivectly
labeled with, e.g., a labeled anti-IgG antibody).

This assay is performed utilizing antibodies reactive with stem cell cancer marker
protein or target molecules 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 plate, and unbound target or cancer markers protein trapped in the wells by antibody
conjugation. Methods for detecting such complexes, in addition to those described above
for the GST-immobilized complexes, inctude immunodetiection of complexes using

g
antibodics reactive with the cancer marker protoin or target moelocule, as well as enzyme-
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 Hquid phase. In such an
assay, the reaction products are separated from unreacted components, by any of a
number of standard technigues, including, bot not imited 1o: differential centrifugation
{see, for cxample, Rivas and Minton, Trends Biochem Sci 18,284-7 {18931y
chromatography {gel filtration chromatography, ion-exchange chromatography):
electrophoresis (see, e.g., Ansubel et al., eds, Current Protocols in Molecular Biology
1999, I Wiley: New York.}; and imununoprecipitation {see, for exaraple, Ausubel et al,,
eds. Current Protocols in Molecular Biology 1999, J. Wiley: New York). Such resins and
chromatographic technigues are known to one skilled iu the art (See e.g., Heegaard I
Mol Recogoit 11:141-8 [1998]; Hageand Tweed J. Chromatogr. Biomed. Sei. Appl
699:495.-525 [1997]). Further, fluorescence energy transfer can also be conventently
utitized, as described hereln, to detect binding withount further purification of the complex

from solution.
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The assay can inclyde contacting the stem cell cancer rarkers protein or
biologically active portion thereof with a known compound that binds the cancer marker
to form an assay mixture, contacting the assay mixture with a test cornpound, and
determining the ability of the test compound fo inferact with a cancer marker protein,
wherein determining the ability of the test compound to fnteract with a cancer marker
protein inchudes determining the ability of the test compound to preferentially bind to
cancer markers or biologically active portion thereof, or to modulate the activity of 2
target molecule, as compared to the known compound.

To the extent that stem cell cancer markers can, in vivo, interact with one or more
cellufar or extracellular macromolecules, such as proteins, inhibitors of such an
interaction are useful. A homogeneous assay can be used can be used to identify
inthibitors,

For example, a preformed comptlex of the target genc product and the interactive
cellutar or extracetlular binding partner product is prepared such that either the target
genc produets or their binding partners are labeled, but the signal gencrated by the fabel is
quenched due to complex formation (see, ¢.g., U.S, Patent No. 4,109,496, herein
incorporated by reference, that utilizes this approach for immuncassays). The addition of
a test subsiance that competes with and displaces one of the species from the preformed
complex will resull in the generation of a signal above background. In this way, test
substances that disrupt target gene product-binding partner interaction can be identified.
Adternatively, cancer markers protein can be used as 2 "bait protein” in a two-hybrid
assay or three-hybrid assay {see, ¢.g., U.S. Patent No. 5,283.317; Zervos et al,, Cell
72:223-232 [1993]; Madura et al,, §. Biol. Chern. 268.12046-12054 [19937; Barte! et al.,
Biotechniques 14:920-924 [19937: Twabuchi et al., Oncogene 8:1693-1696 [1993]; and
Brent W0 94/10300; cach of which is berein incorporated by reference), to idensfy other
proteins, that bind to or mteract with cancer markers ("cancer marker-binding proteins” or
“cancer marker-bp") and are involved in cancer warker activity. Such cancer marker-bps
can be activators or inhibitors of signals by the cancer marker proteins or targets as, for
example, downstream clements of a cancer markers-mediated signabing pathway.

Modulators of cancer markers expression can also be identified. For example, 2

cell or cell free mixture is contacted with a candidate compound and the expression of
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cancer marker mRMNA or profemn evaluated relative o the level of expression of stery cell
cancer marker mRNA or protein in the absence of the candidate compound. When
expression of cancer marker mRNA or profein is greater in the presence of the candidate
compound than in its absence, the candidate compound is identified as a stimulator of
cancer marker mRMA or protein expression. Alternatively, when expression of cancer
marker mBMA or protein s less {L.e., statistically stgnificantly less) in the presence of the
candidate compound than in iis absence, the candidste compound is identified as an
inhibitor of cancer marker mBNA or protein expression. The level of cancer markers
mRINA or protein expression can be determined by methods described herein for
detecting cancer markers mRNA or protein.

This invention further pertaing to nove! agents identified by the above-deseribed
screening assays {(See e.g., below description of cancer therapies), Accordingly, it is
within the scope of this invention to furthor use an agent identificd as deseribed berein
(e.g., a cancer marker modulating agent, an antisense cancer marker nucleic acid
molecule, a siRNA molceule, a cancer marker specific antibody, or a cancer marker-
binding pariner) in an appropriate animal model (such as those deseribed herein) to
determine the efficacy, toxicity, side effects, or mechamsm of action, of treatment with
such an agent, Furthermore, novel agents idexdified by the above-described screening
assavs can be, ¢.g., uscd for treatmends as deseribed herein {¢.g. to treat a buman patient
who has cancer).

In certam embodimoents, the present inveniion cyploys non-adherent
maromospheres for various sereening procedures, including methods for screening
CXCRI or FBXO21 signaling patbhway antagonists. Non-adherent roammospheres are an
in vitro culiure systern that allows for the propagation of prisnary huran mammary
eptthelial stem and progenitor cells o an ondiffercntiated state, bascd on their ability to
proliferaie in suspension as spherical structures. Non-adherent manunospheres have
previously been described in Donte et al Genes Dev, 2003 May 15;17(10)%.1253-70, and
Dontu et al,, Breast Cancer Res. 2004;6(6):R605-13, both of which are herein
incorporated by reference. These references are mcorporated by reference in their
entireties and specifically for teaching the construction and use of non-adherent

mamunospheres. As described in Dontu et al., mammospheres have been characterized as
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being composed of sters and progenitor cells capable of self-renewal and muolti-lineage
differentiation. Dontu et al. also deseribes that mammospheres contaim cells capable of
clonatly generating complex functional ductal-alveolar structures in reconstituted 3-D
culinre systems in Matrigel.

fu certain embodiments, the following exemplary screening methods are
emploved. For in vitro studies, one could treat cells with either adenoviral constructs
expressing contrel or CXCRI or FBXO21 candidate siRNA (m.o.t. 10 1o 3()0} for 3 days
or a small molecule candidate (e.g., PHAS65752 derivative) (0.1-0.5 uM) for 3 days and
compare the ability of CXCRI+ or FBXO21+ vells to form rumor spheres compared in
wnireated vs. treated cells. For in vive studics, one could infect human breast cancer oells
with a lentivirus expressing lueciferase to monitor tumor growth. Luciferase-expressing
cancer cells could be injected into breast tissue and tmors of approximately 6.5-0.7 cm
in size could be cstablished, with 5 animals per group. Animals with established tumors
could then be treated with either a candidate CXCR1 or FBXO21 inhibitor (daily i.v.
30mg/kg/day for 7 days}, or vehicle control. Parallel stodies counld be performed using
infection with adenovirus expressing conirol or candidate CXCRI or FBXO21! siRNA
{m.o.d 100 or 500 for 7 days). Animals could be imaged at day 7, 14, 21, and 28 to
assess tumor size and then be sacrificed. Tumor size could be further assessed at autopsy
and a portion of the tumor stained o assess wmor histology, The remaming tumor could
be harvested and sorted to assess the percentage of CXCRYE or FBXO21 positive and
CXCRI or FEXO2 negative cells, To verify that administration of candidate CXCRI or
FBXO21 inhibitor and candidate CXCR1 or FBXO2! siRNA adenovirus mmfection is
inhibiting CXCR 1 or FBXOZ1 sigualing fonction, phosphoryiation of downstream
mediators snch as Gab~1 and BERXK could be examined (see, Chistensen et al,, Cancer

Res., 2003; 63:7345-7355, herein mcorporated by reference)

V. Cancer Therapies

In some embodiments, the present invention provides therapies for cancer. In
some cmbodiments, therapies target cancer markers (e.g., incloding but not Hmited to,
CXCRIT or FBXO21 and proteins in the CXCR1 or FBXO21 signaling pathway). In

some embodiments, any known or later developed cancer stew cell therapy may be used.
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For exanople, cancer stem cell therapeutic agents are deseribed jn U.S. Pats. 6,984,522
and 7,113,360 and applications WO03/050502, WO05/074633, and WOOS/005601,

herein incorporated by reference in their entireties.

Antibody Therapy

In some embodiments, the present invention provides antibodies that target
tumors that express a stem cell cancer marker of the present invention.  Any suitable
antibody {2.2., monoclonal, polyclonal. or synthetic) can be utilized in the therapeutic
methods disclosed herein. In some embodiments, the antibodies used for cancer therapy
are humanized antibodies. Methods for humanizing antibodies are well known in the art
{See e.g., ULS. Patents 6,180,370, 5,585,089, 6,054,297, and 5,565.332; cach of which i3
herein incorporated by reference).

in some embodiments, the therapeutic antibodics comprise an antibody gencrated
against a stem cell cancer marker of the present invention, wherein the antibody is
conjugated 10 a cytotoxic agent. In such embodiments, a tumor specific therapeutic agent
is generated that does not target normal cells, thus reducing many of the detrimental side
cffects 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 to kill or suppress the growth or cell division of endothelial cells. The present
mvention contemplates the use of any pharmacologic agent that can be conjugated to an
antibody, and delivered in active form. Exemplary anticellular agents iochude
chemotherapeutic agents, radioisotopes, and cytotoxins., The therapeutic antibodies of
the present invention can include a variety of ovtotoxic moietics, meluding but not
limited to, radivactive isotopes {e.g., iodine-131, todine- 123, technicinm-9%n, mdiom-
§ 11, thenium- 188, rheniom-186, galllum-67, copper-67, ytirium-90, jodine-125 or
astatine-2 1 1), borraones such a5 a steroid, antimetabolites soch as cytosines {(e.g.,
arabineside, floorouracil, methotrexate or aminopterin; an anthracyeline; mitomyein ),
vinea alkaloids (e.g., demecoleine; etoposide; mithramycin}, and antitumor alkylating
agent such as chlorambucil or meiphalan. Other embodiments can include agents such as

a congulant, a cytokine, growth factor, bacterial endotoxin or the lipid A moiety of
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hacteriat endotonin. For example, in some embodiments, therapeutic agents will fnclade
plant-, fangus- or bacteria-derived toxin, such as an A chain toxins, a ribosome
inactivating protein, a-sarcin, aspergiliin, restrictocin, a ribonuclease, diphtheria toxin or
psendomonas exotoxin, to mention jost a few examples. In some embodiments,
deglycosylated ricin A chain s ntilized.

In any event, it is proposed that agents such as these can, if desired, be
successtully conjugated to an antibody, in a manner that will alfow their targeting,
internalization, release or presentation to blood components at the site of the targeted
tmor cells as required wsing known conjugation technology (See, e.g., Ghose et al,,
Methods Enzymol,, 93:280 (198311

For example, in some embodiments the present invention provides inununotoxing
targeted at stem cell cancer marker of the present invention. Immunotoxins are
conjugates of a specific targeting agent typically a tumor-directed antibody or fragment,
with a cytotoxic agent, such as a toxin moiety. The targeting agent directs the toxin to,
and thercby selectively kills, eclls carrving the targeted antigen. In some embodiments,
therapeutic antibodies employ crosslinkers that provide high in vivo stability (Thorpe et
al., Cancer Res,, 48:6396 [1988]).

In other embodiments, particularly those involving treatment of solid tumors,
antibodics are designed 1o bave a cytotoxic or otherwise anticellular cffect against the
tumor vasculature, by suppressing the growth or cell division of the vascular endothelial
cells. This atiack is imended 1o lead to a mmor-localized vasenlar collapse, depriving the
mimor ceils, particularly those tumor cells distal of the vascnlature, of oxygen and
nutrients, Bitimately icading to coll death and tumor necrosis.

Tn some embodiments, antibody based thevapeutics are formulated as
pharroaccutical compositions as deseribed below. In some ernbodiments, adminisiralion
of an antibody composition of the present invention results in a measurable decrease in

caneer {e.g., decrease or elinmation of tumor),

VI,  Therapeutic Compositions and Administration
A pharmaceutical composition containing a regulator of timorigenesis

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

(o]
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example, an ILR-CXCRI signaling pathway antagonist, or other therapeutic agent that
acts as an antagonist of proteins iv the IL8-CXCRI signal fransduction/response
pathiway can be administered by any effective method. In certain embodiments of the
preseut invention, the therapeutic agent comprises Repertaxin or a derivative thereof.
In certain ernbodiments, 4 physiologically appropriate solution containing an
effective concentration of an IL8-CXCR1 signaling pathway antagonist can be
administered topically, mtraccularly, parentorally, orally, intranasaily, intravenously,

w7

v
L.

intramuscularly, subcutaneousty or by any other effective means. In partionlar, the IL8-
CXCRI signaling pathway antagonist agent may be directly injected info a target cancer
or tumor (.., into breast tissue) by a needle in amounts effective to treat the tumor cells
of the target tissne. Alternatively, a cancer or tumor present in a body cavity such as in
the ¢ve, gastrointestinal tract, genitourinary tract {e.g., the urinary bladder}, pulmonary
and bronchial system and the like can receive a physiologically appropriate composition
{e.g., & solution such as a saline or phosphate buffer, a suspension, or an emulsion, which
is sterile) containing an effcctive concentration of an IL8-CXCRI signaling pathway
antagonist via direct injection with a needle or via a catheter or other delivery tube placed
into the cancer or tumor afflicted holiow organ. Any cffective imaging device such as X-
ray, sonogran, or fiber-optic visualization system may be used to locate the target tissue
and guide the needle or catheter tube. In another alternative, a physiologically
appropriate solution containing an effective conceniration of an ILR-CXCRY signaling
pathway antagonist can be administered systemically into the blood circulation to treat a
cancer or tumor that cannot be directly reached or anatomically isolated,

Such manipulations have m common the goal of placing the ILE-CXCRI
signaling pathway antagounist in sufficient contact with the target mumor {o permit the
antagonist 0 contact, ransduce or transfect the tumor cells {depending ou the nature of
the agent). In one embodiment, solid tumaors present in the epithelial buings of hollow
urgans may be treated by infasing the suspension into a hollow fluid filled organ, or by
spraying or misting into a hollow air filled organ. Thus, the tumor cells (Such as a solid
tumor stem colis) may be present in or among the epithelial tissue in the lining of
pulmonary bronchial tree, the lining of the gastrointestinal tract, the lining of the female

reproductive tract, genitourinary tract, bladder, the gall bladder and any other organ
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tissue accessible o contact with the [L8-CXCRI signaling pathway anfagonist. In
another embodirpent, the solid tumor may be located tn or on the lining of the central
nervous system, sach as, for example, the spinal cord, spinal roots or brain, so that the
ILE8-CXURY signaling pathway antagonist infused in the cerebrospinal fluid contacts
and transduces the celis of the solid tumor in that space. (e skilled i the art of
oncotogy can appreciate that the antagonist can be administered to the solid hunor by
direct injection into the tumor so that the antagoenist contacts and affects the fumor cells
inside the tumor.

The tumorigenic cells identified by the present invention can also be used to
raise anti-cancer cell antibodies. In one embodiment, the method imvolves 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 inducing an
immune response to solid tumor stem cells. For guidance as to an effective dose of
cells to be injected or orally administercd; sec, U.S. Pat. Nos. 6,218,168, 6,207,147, and
6,156,303, incorporated hercin by reference. In another embodiment, the method
involves obtaining an enriched population of solid tumor stem cells or isolated solid
tumor stem cells: mixing the tumor stem cells in an in vitro calture with tumune
effector cells {(according to imumunological methods known in the art) from a human
subject or host aniisal in which the antibody is to be raised; removing the immuane
cffector cells from the culture; and transplanting the immane effector cells into a host
anirpal i a dose that is effective to stimplate an immune response in the animal.

in some embodiments of the prescat fuvention, the anti-tumorigenic therapeutic
agents {¢.g. TLE-CXCRY signaling pathway amagomists) of the present invevtion are ¢o-
adminjstered with other anti-ncoplastic therapics. A wide range of therapeutic agents
find use with the present invention. Any therapentic agent that can be co~administered
with the agents of the present inveniion, or associated with the agents of the present
mvention is suitable for use in the methods of the present invention.

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

the present invention include, but are not limited to, agents that induce apoptosis, agents
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that jnhibit adenosine deaminase function, mhibit pyrirmding biosynthesis, mhibit purine
ring biosynthesis, inhibit nucleotide interconversions, inhibit ribonucieotide reduciase,
inhibit thymidine monophosphate (TMP) synthesis, inhibit dibvdrofolate reduction,
inhibit DNA synthesis, form adducts with DNA, damage DNA, inhibit DNA repair,
intercalate with DNA, deaminate agparagines, nhibit RNA synthests, inhibit protein
synthesis or stabifity, inhibit microtubule synthesis or funciion, and the like,

lu some embodiments, exemplary anticancer agents suitable for use in
compositions and methods of the present iovention inchude, but are not limited to: 1)

alkaloids, including microtubule iphibitors {e.g., vincristing, vinblasting, and vindesine,

efc. ), microtubule stabilizers {e.g., paciitaxel (TAXOL), and docetaxel, eic.), and
chromatin function inhibitors, incheding topoisomerase inhibitors, such as
epipodophviictoxins {e g., ctoposide (VP-16), and teniposide (VM-26), efc.), and agents
that target topoisormerase | {e.g., camptothecin and isirtnetecan {CFT-11), erc); 23
covalent DNA-binding agents { alky ating agents), including nitrogen mustards {e.g.,
mechlorethaming, chlorambucil, cyclophosphamide, ifosphamide, and busulfan
MYLERAN), efc.), nitrosoureas {e.g., carmustine, lomustine, and semustine, efc.}, and
other alkylating agemts {e.g.. dacarbazine, hydroxyracthylmelamine, thiotepa, and
mitomyein, efe.): 3} noncovalent DNA-binding agents (antitumor antibiotics), incloding
nucleie acid inhibitors (e.g., dactinomycin (actinomycein DY), ¢i¢.), anthracyclines {e.g.,
daumorvbicin {(daunomyein, and cerubidine), doxorubicin {aduiamyein), and idarabicin
{idarryem), efc.}, anthracencdiones {e.g., anthracycline aualogues, such as mitoxantrone,
efe. ), bleomycins (BLENOXANE), ac., and plicamycio {mithramycin), efc.; 4)
antimetaboliies, mcluding amtifolates (e g, methowexate, FOLEX, and MEXATE, i)
purine antimetabolites {e.g., -mercaptopurine (6-MP, PURINETHOL), 6-thiogoanne {6~
TG), azathioprine, acyelovit, gavciclovir, chlovodeoxyadenosine, 2-
chlorodeoyyadenosine (CdA), and 2'-deoryeoformycin (pentostating, ere.), pyrimidine
antagonists {e.g., fluoropyrinudines (2.g., S-fluorourecil (ADRUCIL), S-
fluerodeoxyuridine (FdUrd) (Boxuridineg)) efe), and cvtosine arabinosides {e.g.,
CYTOSAR (ara-C) and fiudarabine, erc.); 3) enzymes, incheding L-asparaginase, and
hydromyurea, etc.; 6) hormones, inchiding glucocorticoids, antiestrogens (e.g.,

tamoxiten, ¢/c.}, nonstereidal antiandrogens {e.g., flutamide, efc}, and aromatase
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inhibitors {e.g., anastrozole (ARIMIDEX), erel); 7Y platinum compounds {e.g., cisplatin
and carboplatin, ¢fc.}; 8) monoclonal antibodies conjogated with anticancer drugs, toxins,
and/or radiomachides, efc ] )bwk}giu.ﬁ response modifiers (e.g., interferons {e.g., IFN-q,
ercy and interlenkins (e.g., 1L-2, ele.), erc); 1)) adoptive immumotherapy; 11)
hematopoietic growth factors; 12} agents that induce tumor cell differentiation {e.g., all-
frans-retinoic acid, exc.); 13) gene therapy techniques; 14) antisense therapy techniques;

15} tumor vaceines; 16} therapies directed against tumor meiastases {(e.g., batimastat,

¢, VELCADE); 19)

erc.); 17} angiogenests inhibitors; 18) proteosome inhibitors {e.g
inhibitors of acetylation and/or methylation {e.g., HDAC inhibitors); 20} modulators of
NF kappa B; 21} inhibitors of cell cycle regulation (e g., CDK. inhibitors); 22} modulators
of p33 protein function; and 23) radiation.

Any oncolvtic agent that is routinely used in a cancer therapy context finds wse in
the compositions and methods of the present invention. For example, the UK, Food and
Drug Administration maintains a formulary of oncciyuc agents approved for use in the
United States. International counterpart ag to the U5 F.D A, maintain similar
formmularics., Table 3 provides a list of exemplary antincoplastic agents approved for nse
i the U8, Those skilled in the art will appreciate that the “product labels” required on
ali U.S. approved chemotherapeutics describe approved indications, dosing mformation,

toxicity data, and the like, for the exemplary agents,

TABLE 3
Aldesleukin Projevkin Chiron Corp..
{des-adanyl-1, sorine~1 25 human interieukin-2} Higieryvilie, A
Alemtuzumab Campath Millenmium and
{(1aG lw anti CTI2 aniibody) JLEX Partners, LP,
Cambridge, MA
Altixetinoin Panretin 1 igand
(O-cis-retinoic acid) Pharmaccuticals, Inc.,
San Diego CA
Allopuringt Zyloprim GlaxoSmithK fine,
{1, 5-dihydro-4 T -pyrazolof3,4-djpyrimidin-d-one Research  Triamgle
gmomsocﬂum sait) Park, NC

i
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(ivophilized preparation of an attenuated strain of

e, 1 e

Mycobacierinm bovie (Bacillus Calmette-Uukin

[BLG], subsirain Monireal)

Altretamine Hexolen IS Bioscience, West
LN N NN N - hesamethyi-1,3,5-triazine-2, 4, Consbohocken, PA

G-trigmine)

Amifostine tihyol 118 Bioscienee

{ethanethiol, 2-{(3-aminopropylamino]-,

dihydrogen phosphate {ester})

Anastrozoie Ariaidex AstraZeneca

{i,3-Benzenediacatonitide, a, 4, a, a'tetramethyl- Phaouaceuticals, 1P,

5-(1H-1.2 4-tr1azol- 1 -yimethyl)) Wilmingion, DE

Arsenic tioxide Trisonox Cell Therapeatic,
inc., Scattle, WA

Asparaginase Flspar Merck & Co., Tnc,

(1 ~asparagine amidohydrolase, type BC-2) ‘Whitehouse  Station,
T

BOG Live TICE BCG Organon Teknika,§

Corp., Dutham, NC

bexarotens capsules

{4-11-(5.6,7 8-tetrahydro-3.5,58 8-pentamethyl-2-

napthaleny!) ethenyl] benzoic acid)

Ligand

Pharrnaceuticals

{platinur, diammine [1,1-

syelobutanadicarboxylato(2- 30, 0'F-,(8P-4-2))

bexarotene gel Tareretin Tigand
Pharmacsuticals

Bleomycin Blenoxune Bristol-Myers Squibb

{cytotoxic glvcopeptide antibiotics prodaced by Co, NY, NY

Streptowvces verticitius; bleomycin A, and

bleomycin B)

Capectiabine Keloda Roche

{5 deoxy-S-fuore-N-[{pentyloxy learbonyll-

cviidine)

Carboplatin Paraphail RBristol-Myets Squibl

armustine

{1, 3-big{ 2-chloroethyl)-T-nitrosourea)

BONU, BICNU

Bristol-Myers Squibb

i




Carmustine with Polifeprosan 20 Traplant

Gliadel Waler

Guiltford
Pharmaceuticals, Inc.,
Baltimore, MD

Cetecaxib Celebrex, Searie

{as 4-[5-(4-methyiphenyl)-3- (iffuorometliyi)- Pharmaceuticals,

I -pyrazol-t-y1i Enghand

benzenesulfonamide)

Chlorarabucil 1eukeran GlaxoSmithEline

{(4-{bis 2chlorethyleninobenzenehnanoic acid)

Cispiatin Platinol Bristol-Myers Squibb

{_p LN 2}

Cladribine Leustatin, 2-CAA JRW. Johnson

(2-chioro-2'-decxy-b-D-adenosine) Pharmaceutical
Ressarch  Institude,
Raritan, NJ

Cyelophosphamide
{2-This{Z-chloroethy Damine] tetrahydro-2H-13.2-

oxazaphosphorine Z-oxide monohydrate)

Cytoxarn, Neosar

Bristol-Myers Hquibb

Cytarabing

Cytosar-U

Pharmacia & Upiohn

(1-b-D-Arabisofuranosyleytosine, CoFaNz(s) Company
cytarabine Hposomal epolyt Skve

Pharsnaceuticals, 1nc.,
San Diego, CA

{recombinant peplide}

Dacarbazine DTIC-Dome Bayver AG,
(53, 3-dimethyl-riazeno - imidazole-4- - tleverkases,
carboxamide (DTICY) Crermany
Dactinomycin, acinomyain [2 Cosregen Merck

{actinomycin produced by Strepromyces parvuliue,

CoalleeNi12006)

Darbencetin alfa Aranesp Amgen, fae.,

Thousand Oaks, CA

dausorubicio posomal
((8S-cis)-B-acelyl-10-{ (3-amino-2,3.6-trideoxy-a-

L -Tyxo-hexopyranosyioxy}-7,8,9, 1 O-tewahvdre-

DhanuoXome

Phanmaceuticals, Inc.,

Boulder, CO

L
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G.8,1 I-trihydroxy-1-methoxy-3.12-

inaphithacensdione bydrochionids)

{recombinant peptide)}

Daunorubicin HCE daunomycin Cerubidine Wycth Averst,
({1 5.3 5F3-Acetyl-1,2,3,4.6,] | -hexabydro- Madison, NI

35,1 Z-trikydroxy-1 G-methoxy-6.1 I-dioxo-1-

faaphthacenyl Z-amino-2,3 6-tadeoxy-(alpha}-L-

fyxe -hexopyranoside hydrochioride)

Treniieukin difttox Ctak Seragen, .,

Hoplkinton, MA

{83,108 10-[(3-armine-2,3.6-trideony-a-L-lyxo-
hexopyranosyloxy? <8-glycolyi-7.8,9,10-

tetrahydro-6,8,11+ wthydrosy-1-methoxy-5,12-

inaphthacenedione hydrochloride)

Rubex

Dexrazoxane Zinecaed Pharmacia & Upjobn
({Sy-4,4'{ 1-methyl-1.2 -cthanediyi)bis-2,6- Company
pipcrazinedione}

Docetaxel Taxotere Aventis

{2135 W-carboxy-3-phenylisoserine, N-teri- Pharmaceuticals, Inc.,
foutyt ester, 13-ester with 5b-20-epoxy- Bridgewater, N§
124,470,100, 1 3a-hexabydroxytax- } f-en-%-one 4-
facetate 2-benzoate, {nbydrate)

Droxarubictn HO Adriamycin, Phatroacia & Upjohn

Corpany

doxorubicin Adrtaroyeim PFS{Pharreacia & Upjobn
Intravenous Company
Hmection

doxorubicin fiposomal Doxil Sequus

Pharmacsuucals, Inc.,

Mento park. CA

dromostancione propionate
{1 7b-IIydroxy-2a-methyl-Sa-androstan-3-one

oropioaate)

Dromostanoclone

Lt Lilty & Corapany,

Tndianapolis, IN

dromostanolone propionaie

iMasterone

Syatex, Corp., Palo

ngection A, CA
Clliott's B Solution Eiliotts Bi(yphan Medical, Ine
Salution
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Eptrubicin

((8S-cis)- 13-{(B-amino-2.3,6-ridsoxy-a-1-

farabino- hoxopyranosyDoxy]-7.8.9,10-tetrabydro~

4

6,8, 1 L-rithydrony-8- thydranyacetyl)-1-methoxy-

5. 12-naphthacencdione hydrochioride

3
7

Pharmacia & Upichn

Corapany

iCpoens alfa

(recombinant peptide}

Encgen

Amgen, Inc

Estramusting
(estra-1.3,5(10)-txiene-3,17-diol( 1 7{beta))-, 3~
{bisf 2-chiorocthyiicarbamate] 17-(dihydrogen
phosphiate), disodivm salt, monohydrate, or
catradiol 3-[bis(2-chioroethylicarbamaie} 17-
(dihydrogen phosphate), disodivm salt,

monchydrate)

Fvcyt

Pharacia & Upi

Conmpeny

Fioposide phosphate
(4'-Demethyiepipedopbytiotexin 9-{4,6-0-(R)-
cthyiidene-(beta)-D-glucopyranoside], 4'-

{dilydrogen phosphate))

Eiopophos

Bristol-Myers Squibb

ctaposide, VP16
{4 -deroethylepipodophvlliotoxin 9-{4,6-0-(R}-

ethyidenc-{veta)-D-ghusopyranoside]}

Vepesid

Rristol-Myers Sguibb

{e-met HuG-CSF)

Exemestane Aromasin Pharmacia & Upjohn
(6-methylenandrosta-§ 4-chene-3, 17-dione) Corapany
Filgrastim Neupogen Amgen, Ine

floxuridine (infraarterial}

{Z-deoxy-5-fluorouridine)

FUDR

Roche

Fludarabine
{Huorinated nocleotide analog of the antiviral
{agent vidarabine, 9-b -D-arabinofuranosyladenine

{ara-AlY}

Fludara

Boerlex  Laboratories,
Knoits,

inc., Cedar

N

Taorouracil, 5-FU

(5- Geore-2,4(111 3 1) pyomidinedione)

Adrucil

1CN Pharmaceuticals,
Toe., Homacan,

Puerto Rico

Fulvestyans

PR Pharmaceusicals,
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{7-alpha-[9-{4,4,5.5,5-penta fluoropentylsuiphiny}) Cuavama, Puerio
nonyllesiva-1,3,5-(10)- wiene-3,1 7-beta-dicd) Rico

Cemcitabine (Gemzar Tl Lifly

{2-deoxy-2', 2-diffucrocytidine

monohydrochloride {b-isomer}}

Gempummal (zogamicn Mylotarg Wvelh Ayerst
{anti-CD33 hP67.6)

Goserclin acefste Zaoladex Iinplant {AsteaZeneca

(acetate salt of [D-Ser{ But)" Azgly’ “ILHRH; pyso- Pharmaceuticals
Chu-Fs-Trp-Ser-Tye-D-Sar(Buty-Leo-Arg-Pro-

Azg_zly—\ﬁ:i?, acetate {CseHaN g «(CHAG),

Hydroxyurea Hydrez Bristol-Myers Squibb
{britumomab Tiuxetan Zevali Biogen IDEC, Inc.
(immunoconjugate resulting from a thiourea Cambridge MA
covalent bond between the monociona antibody

Thritumotab and the Hoker-chelator Guxetan [N-

{2-bis{catboxymethyDamino]-3-(p-

isothiocyanatophenyly- propvil-[N-{2-

bistcarboxymethy Damino]-2-(methyl) -

sthyllgiveine)

Tdarubicin {damycin Tharmacia & Upiohn

{5, 12-Naphthacenedione, 9-acetyl-7-[{3-amino- Cormpany

A-trideoxy-(alpha)-L- lyxe -

hexopyranosyljory-7,8,9. 1 O-tetrahvdre-6.9.1 1 -

tritydroxyhydrochloride, (78- ¢is ))

fostamide FEX Bristoi-Myers Squibb
{3-(2-chloroethyd)-2-{(2-

chioreethyDaminofictraliydre-2H-1,3.2-

axavaphcsphotine 2-oxide)
Hmatinib Mesilate Gleever Novartis AG, Basel,
{4-[(4-Methyl | -pipsrastnyDmethy -N-[4-methyl- Switzettand
3-[[4-(3-pyridinyl- ..-nyrimidinyi}amino}~

phenyllbenzamide methanesulfonate)

Interferon alfa-2a Roferon-A Holfnann-La Hoche,
{recombinant peptide) inc,, Nutey, NJ




Tnterderon alfa-2b

(recombinant peptide)

Hawron
(Lyophitized

Belaseron)

Seharing AG, Berlin,

CGermany

Trinotecan HC

Cagrgpios

Pharmacia & Upjoho

{1-(2-chloro-cthyl-3-cyclohexyl-1-nitrosourea)

({(45834,11-dicthyi-4-hydroxy-9-{{4- pipesi- Company
dinopiperidinejearhonyloxy]-1 I-pyrano[3'

6,7] indolizinef1,2-6] quinoline-3,14{4H. 121)

dione tydrochioride trbydrate)

L etrozole Fenmars INovartis
(44-(1H-1,2.4 ~Triazol-1-vimethylene)

dibenzonitiile)

Leucovorin Wellecavorin, Tmanex, Corp,,
(L-Clutamic acid, N[4{{(2amino-5-formyl- L eucovorin Seatile. WA
1,4,3,6,7.8 hexahydrodoxod-

preridinyi methylamino oenzoyi], calcium salt

(1)

fLavarmisole HCT Ergamisol Janssen Reseatch
((-3( §1-2,3,5, 6-tetrahydro-Gophenylimidazo [2,1- Foundation,

b1 thinzole monobydrochloride O HpN.S-HCD Titusville, NI
Lomausdine CeeNU Fristol-bMyers Squibly

Meaclorethanine, nitrogen wmustad
{2 -chloro-N-(2-chlorosthv])-N-methylethanamine

jhydrochioride}

Mustargen

Merck

Megestrol acetate
17 acetyloxy)- 6- wethyipregua- 4,6- diene-

3,20~ dione

ristol-Myers Squibb

fviziphatar, L-PAM

{4.[bis{Z-chloroothyl) amino]-L-phenylalanine)

Alkeran

HaxoSmithKline

Mercaptopurrae, 6-MP

{1,7-dihydro-6 H ~purine-6-thione monohydrate)

Puninethol

CGhaxoeSmithKline

hesna

{sodium 2-mercaptocthane sulfonate)

Asta Medica

EM gthotrexate

;M ethotrexats

Tededde Laboraiories

o
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(N-[4-[[{2.4-diamino-5-
pteridingi methyHrastbyiamivejbenzoyi}-L-

ghutamic acid)

hMethoxsalen

{9-methoxy-TH-furo[3.2-gi{ 1 -benzopyran-T-one}

4

{ [vadex

Therakos, e, Way

Fxion, Ba

Muomyctn ©

Pvintamaycin

Brisiol-Myers Sguibb

hydroxyethyDamnolethylamine]-9,10-

anthracenedione diydrochloride)

mitomyein O Mitozytrex Super(Ger, Inc.,
Dublin, CA

Mitotane Lysodres Bristol-Myers Squibb

{1, 1-dichlora-2-{o-chloropheny)-2-{p-

chiorophenyi} ethane)

Mitoxagirone Novanrene Tramunex

¢ 1 4-dihydroxy-5,8-bis{f2- {(2- Corporation

Nandrolone phenpropionate

Tharabaiin-30

Grganon, Inc, Wast

Grange, N

{phasphonic acid (3-amino-L-hydroxypropylidene)

his-, disodium salt, pentahydraic, {APDY)

MNofetumonab Voerlormns Bochringer mgelheim
Phama KG,
Gernsany

Opretvekin Neumega Genetics  Institte,

(IL-11} e, Alexandita, VA

Oxaliplatin Ploxatin Sanofi  Synthelsbo,

{cis-{{ 1R, 2R)-1,2-cycloberanediamine- NN} Ine,, NY\ WY

foxalato{Z-3-(,07] platinum)

Paciitaxel TAXOL Bristol-Myers Squibb

(58, 20-Epoxy-1.2a. 4,78, 106, 13a-

thexahydroxytax-11-en-%-one 4,10-diacetate 2-

benzoate 13-ester with (2R, 3 8)- N-benzoyl-3-

vheaylisosaritue)

Pamidronale Aredia Novartis




Pegademase Adagen Huzon

{{monomethogypolyethylene glycol sucomimidyl) ¥Pepademase Pharmaceuticals, Inc.,

11-17 -adenosine deaminasc) Bovine; Bridgewator, NJ

Pepaspargase Cncaspar Enzon

(monomsthoxypolyethylene glyeol succininidyl

1 -asparaginase)

Peglilgrastim Meulasia Amgen, Inc

{covalent corgugate of recombinant methivavl

bumsan G-CSF (Filgrastim) and

monomethoxveolyethylens glycol)

Pentostatin Nipent Parke-Davis
Pharmacoutical  Ca.,
Raochville, M3

Pipobroman ‘ercyte Abbott Laboratoties,
Abbott Park. T

PHearaycin, Mithramycin dithracin Piizer, Inc., NY, NY

{antibiotic produced by Strepiomyces plicatusy

Porfimer sodiuvg Phoioftin LT
Phototherapeutics,
Tuc., Vancouver,
Canada

Procarbazine Matatane Stgma Tau

(M-tsopropyi-u-{ 2 roethylhydrazino -p-toloarside Pharmacauticals, Inc.,

monchydrochioride) Gaithersburg, MD

Quinacrine Adabrine Abbott Labg

{6-chitoro-9-{ 1 ~methyl-4-diethyl-amine)

butylaratno- 2-methoxyactidine)

{Rasburicase Elitek Sanofi-Synthelabo,

{recamnbinan peptide} Tnc.,

Rituximab Rityxan Genentech, Ine.,

{recombinant anti-CO20 antibody) Sowth San Franeisca,
CA

Sargramostin Peokine Tmonnex Corp

{recombinant peptide}

ey
n



Streptozocin Zanosar Pharmacia & Upjohn
(strepiozocin 2 ~deoxy - 2 - Comapany
[[(methyinirosoanunocarbonyijamaino] - afand )

-~ [0 - glucopyranose and 220 mg oftric acud

janhydrous}

Talo Sclerosol Fryan, Carp.,
{(Mp251404, (OH),) Woburn, MA

{13-hydroxy-3-ax0-13,17-scoonndrosia-1,4-dien-

1 7-0ic acid [dgr J-leacione)

Tamoxifen Naodvades AstraZeness
{(Z2y2-[4-(1.2-diphenyi-1-butenyl) phenoxy]-N, N- Pharmaceuticals
dimethylethasamine 2-hydroxy-1,2.3-

sropenetniearboxylate (1:1)

Temaozolonide Temaodar Schering
{3.4-dihydro~3-methyl-4-oxoimidazof 5,1 -d]-as-

{etrazine-S-carboxamide)

teniposide, VM-16 Numoi Rristo]-Myers Squibb
{4'-derpethyiepipodophyltotoxin 8-[4,6-0-(R}3-2-

thenylidene-(bewa)-D-glucopyranoside])

Tegtolactone Teslac Bristol-Myers Sqguibb

Thioguanine. 6-TG

N
]
7

{2-arnino-1,7-dihydre-6 11 - parine-6-thione

Thioguanine

GlaxoSmithK ine

Thiotepa Tiioplex Iremanex

{ Azitidine, 1.1,1"-phosphinothioylidynetris-, or Corporation

Tos (L-azividioy!) pbosphine suifide)

Topotecan HCE Hycamiin GleoSnuthKline
({(83-10-[{dimethylamino} methylf-4-ethyl-4.9-

dihydroxy-1H-pyranc{3’, 4" 6,71 indolizino [1.2-b]

quiniotine-3.14-(4H, 1 2H}-done

tmonohydrochioride)

Torewmifene Faresion Roberts
{2-{p-L(Z}-4-chioro-1.2-diphenyl-1-butenyl}- ) Pharmaceutical
rhenoxy)-NN-dimethylethylamine citrate {(1:1)) Cotys., Batontown, NF
Tosttrmomal, T 13 Tositumomnmab i}'iaxxar Corixa Corp.., Sealile,
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{recomnbinant murine immunotherapeutic WA
monocional IgGy, lambda anti-CD20 antibedy

131 is a radicimmunotherapeutic antibody})

Trastuzumab Heroeptin Cronientech, Ine

{recombinant monoclonal 1gG; kappa anti-H

antiboidy)

Tretinoin, ATRA Yesanoid Roche

{ali-trans rerinoic and)

Uracil Musined Uractl  MustardiRoberts Labs

Capsules

[alrubloin, N-triluoroasetytadriamycin-14- YValstar Aunthra --> Madeva

valerate

({28-cis)-2~ {1,2,3.4,6,1 L-hexahydro-2,5,12-
trihydroxy-7 methoxy-6,! L-dioxo-{{4 2,3,6-
tridecxy-3- {(ixi{huorcacetyl)-amino-a-L-boo-
hexopyranosylloxyl]-2-naphthacenyl]-2-oxoethyl

penianoats)

Vinblastine, Leurocrisiing Velban B Lilly

E{Cj(i‘! 5 CZ"'I |() ] 0"‘1{‘:{' 2 SQ‘_;‘,

Vincristne Oncovin B Litly

{C.’lél’} 55N4Qm°HgSO4§

Vinorelbine Navelbing GlazoSmithKline

{3 4'-didehydro-4"-deoxy-C™-
notvincaleakoblastine [R-(R*R¥)-2,3-

dibydroxybutanedioats {1:2)(salt)]}

Zoledronate, Zoledrouic acid Zomela Novarids
{{1-Hydroxy-2-imidavzoi-1-vl-phosphonoethyl)

phosphonic acid monohydrate)

Antimicrobial therapeutic agents may also be used as therapeutic agents in the
present jnvention, Any agent that can kill, inhibit, or otherwise attenuvate the function of

microbial organisms may be used, as well as any agent contemplated o have such
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activities. Anthmicrobial agents include, but are not imited to, natural aud synthetic
antibiotics, antibodies, inhibitory proteins (e.g., defensing), antisense nucleic acids,
mernbrane distuptive agents and the like, used alone or in combination. Indeed, any type
of antibiotic may be used inchading, but not Umited to, antibacterial agents, antiviral
agents, antifungal agents, and the like.

In still forther embodiments, the present invention provides compounds of the

present invention (and any other chemotherapeutic agents) associated with targeting

agents that are able to specifically target particular cell fypes (e.g., tumor cells).
Generally, the therapeutic compound that is associated with a targeting agent, targets

neoplastic cells through nteraction of the targeting agent with a cell 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., fumor cells)
finds usc with the present invention. For example, an anttbody dirceted against such a
moicty targets the compositions of the present invention to cell surfaces containing the
moiety. Aliernatively, the targeting moiety may be a ligand dirceted 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.

A5 used herein, the term ™argeting molecules” refers to chemical moieties, and
portions thereof uscful for targeting therapeutic compomnds to cells, tissues, and organs
of interest. Various types of targeting molecules are contemplated for use with the
present invention inchuding, but not himited to. wigual pepudes, antibodies, nucleic acids,
toxins and the like. Targeting moieties may additionally promote the binding of the
associated chemical componnds (e g., small molecules) or the enwry of the compounds
into the targeted cells. tissues, and organs. Preferably, targeting moieties are selecte
according 1o their specificity, affinity, and efficacy in selectively delivering attached
compounds fo targeted siies within a subject, tissue, or a cell. including specific
subeetiular locations and organelles.

Variouns efficiency issues affect the administration of all drugs--and of highly
cytotoxic drugs {e.g., anticancer drugs) in pacticular. One issue of particular ivaportance

is ensuring that the administered agents affect only targeted cells {e.g., canver celis},
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fissues, or organs. The nonspecific or unintended delivery of bighly cviotosic agenis to
nontargeted cells can cause servious foxictty issues.

Numerous attempts have been made to devise drug-targeting schemes to address
the problems associated with nonspecific drug delivery. {See ¢.g., K.N. Syrigos and ALA.
Epenetos Anticancer Res., 19:606-614 (1999); Y. Park er of., I Countrolled Relea
TRET-TO 2002, RV.L Chafi, Adv. Drog Deliv. Rev,, 31:89-104 (1998); and D. Putnam
and J. Kopeeck, Adv. Polymer Sei, 122:55-123 (1995)). Conjugating targeting moictics
such as antibodies and ligand peptides {e.g., RDG for endothelium cells) to drug
molecuies has been used to alleviate some collateral toxicity issues associated with
particular drugs.

The compounds and anticancer agents may be administered in any sterile,
biccompatible pharmaceutical carrier, including, but not limited to, saline, buffered
saline, dextrose, and water. In some embodiments, the pharmaccutical compositions of
the present invention may contain one agent {e.g., an antibody). In other embodiments,
the pharmaceuntical 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 to a patient under one or more of the following conditions: at different
periodicitics, at differont durations, at different concentrations, by different
adnunistration routes, ere. in some embodiments, the IL8-CXCRI signaling pathway
autagoinist s admingsiered prior to the second anticancer agent, e.g., 0.5, 1, 2 3, 4, 5, 10,
12, or 18 bours, 1, 2,3, 4, 5. or 6 days, 1, 2, 3, or 4 weeks prior to the administration of
the anticancer agent. In some embodiments, the TLE-CXCRI signaling pathway
antagonist is admimstered after the second anticancer agent, eg., 0.5, 1,2 3,4, 5, 10, 12,
or 18 howrs, 1, 2. 3,4, 5, or 6 days, 1, 2, 3, or 4 weeks afier the administration of the
anticancer agent. Tu some embodiments, the IL8-CXCRI signaling pathway antagonist
and the second anticancer agent are administered concurrently but on different schedules,
e.g., the ILB-CXCR1 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 embodimenis, the TLR-UXCRI

signaling pathway antagonist is administered once a week while the second anticancer
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agent 18 administered daily, once a week, once every two weeks, once every three weeks,
or once every four weeks,

Diepending on the condition being treated, preferred embodiments of the present
pharmaceutical compositions are formulated and administered systemically or locally.
Technigues for formulation and administration can be found in the latest edition of
“Remingion's Pharmacestical Sciences™ (Mack Publishing Co, Easton Pa.). Suitable
routes may, for example, include oral or transmucosal administration as well as parenteral
delivery (e.g., intrammuscular, subcutaneons, intramedullary, intrathecal, intraventricular,
intravenous, intraperitoneal, or intranasal administration},

The present invention conternplates administering therapeutic compounds and, in
some embodiments, one or more conventional anticancer agents, in accordance with
acceptable pharmaceutical delivery methods and preparation technigues. For example,
therapeutic compounds and snitable anticancer agents can be administered to a subject
mtravenously in a pharmaceutically acceptable carrier such as physiological saline.
Standard methods for mtraceliular delivery of pharmaccutical agents arc contemiplated
{e.g., delivery via liposome). Such methods are well known 1o those of ordinary skill in
the art.

In some embodiments, the formulations of the present invention are useful for
parcnicral administration {e.g., intravenons, subcutancous, intramascular, intramedullary,
and mtraperiioneal. Therapeutic co-adiminisiration of some contemplated anticancer
agents {e.z., therapeutic polypeptides) can also be accomplished using gence therapy
reagents and techniques,

In soime embodiments of the present jovention, therapeutic compounds are
administered to a subject alone, or in corbination with one or more conventional
anticancer agents {e.g., nucleotide sequences, drugs, hormones, efc.) or in pharmaceutical
compositions where the components are optionally mixed with excipieni(s) or other
pharmaceutically scceptable carriers, In preferred embodiments of the present invention,

.

pharmaceutically acceptable carriers are biclogically inert. Tn preferred embodiments,

w

the pharmaceutical compositions of the present invention are formulated using

pharmaceutically acceptable carriers well known in the art in dosages snitable for oral

administration. Such carriers enable the pharmaceutical compositions to be formulated ag
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tablets, pills, capsuies, dragees, hquids, gels. syrups, sturries, sobwiions, suspensions and
the fike, for respective oral or nasal ingestion by a subject,

Pharmaceutical preparations for oral tse can be obtained by combining the active
compounds with solid excipients, optionally grinding the resulting mixture, and
processing the mixture into granales, after adding suitable anxiliaries, if desired, to obtain
tablets or dragee cores. Suitable excipients are carbohydrate or protein fitlers such ag
sugars, inclnding lactose, sucrose, mamitol, or sorbifol; starch from corn, wheat, rice,
potato, e, cellitiose such as methyl cellulose, hydvoxypropylmethyvl-cetlulose, or
sodiwn carboxymethvicelinlose; gums including arabic and tragacanth; and proteing such
as gelatin and collagen. If desired, disintegrating or solubilizing agents may be added,
such as the cross-linked polyvinyl pvirolidone., agar, alginic acid or & salt thereof such as
sedium 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 incinding, but not limited to, the desired
level of therapeuntic effect, and the practical level of therapeutic effect obtainable.
Generally, it 1s advisable to follow well-known pharmacological principles for
administrating chemotherapeutic agents (eg., 1t 1s generally advisable to not change
dosages by more than 50% at time and no more than cvery 3-4 agent helf-lives). For
compositions that have relatively little or no dose-related toxicity considerations, and
where maxinum efficacy (e g, destraction of cancer cells) is desired, doses in excess of
the average required dose are not upcommon, This approach 1o dosing is commonly
veforred fo as the "maximal dose” sirategy. o cortaip cbodiments, the ILE-CXCR]
signaling pathway anfagontst is adramistered o 2 sobiect at a dose of 1-40 mg per day
{e.g. for 4-6 weeks), In certain embodiments, subject 15 admiustered a loading dose of
hetween 15-70 mg of the TLR-CXCR1 signaling pathway antagonist. In certain
embodiments, the subject is administered a loading dose of about 35-45 mg of the TLE-
CXCRI signaling pathway antagomst (e.g. subcutaneousty), and then daily doses of

abowt 10 mg (c.g. subcutancousty} for about 4-6 weceks,



Additiona] dosing considerations relate to caleulating proper target levels for the
ageni being administered, the agent’s accomulation and potential wxicity, stimulation of
resistance, lack of efficacy, and describing the range of the agent’s therapeutic index.

In certain embodiments, the present invention contemplaies using routine methods
of titrating the agent’s administration. Une common strategy for the administration is to
set a reasonable target level for the agent in the subject. In some preferred embodiments,
agent levels are measured in the subject’s plasma. Proper dosc levels and froquencies are
then designed t achieve the desired steady-state target level for the apent. Actusl, or
average, levels of the agent in the subject are monitored (e.g., hourly, daily, weekly, eic.}
such that the dosing levels or frequencies can be adjusted to maintain target levels, Of
course, the pharmacokinetics and pharmacodynamics {2.g., boavailability, clearance or
bioaccuntulation, bicdistribution, drug interactions, efc. ) of the particular agent or agents
being administered can potentially tmpact what are considered reasonable iarget levels
and thus impact dosing levels or freguencies.

Target-tevel dosing methods typically rely upon cstablishing a reasonable
therapentic objective defined in terms of & desirsble range {or therapeutic range) for the
agent in the subjeot. In general, the lower limit of the therapeutic range is roughly equal
to the concentration of the agent that provides about 50% of the maximum possibie
therapeutic offect. The upper himit of the therapeutic range is usually cstablished by the
agent’s toxicity and not by its efficacy. The present invention contermplates that the

oper Hmit of the therapeutic range for a particular agent will be the concentration at
which less than 3 or 10% of subjects exhibit toxie side effects. In some embodiments, the
upper Hmit of the therapeutic range is about two times, or less, than the lower limit.
Those skilfled in the art will understand that these dosing consideration are highly variable
and to some extent individoalistic {e.g., based on genetic predispositions, immunological
considerations, tolerances, resistances, and the ike). Thus, in some erobodiments,
effective target dosing levels for an agent in 4 particular subjectroay be 1, .05, .. 10, ..
1AL L2000 L8075, L 100, 0L 200, L X%, greater than optimal in another
subiect. Converscly, some subjects may suffer significant side effects and toxicity related
health issues at dosing levels or frequencies farfess (1, ... 5. 16, .. 15,020, . ..

50,...75,. .. 100, ... 200, ... X%) than those typically producing optimal therapeutic
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fevels in some or 4 majorily of subjects. In the absence of more specific information,
target administration levels are often set in the muiddie of the therapeutic range.

o preferred embodiments, the clinician rationally desipns an individualized
dosing regimen based on known pharmacological principles and equations. Tn general,
the clinician designs an individealized dosing regimen based on knowledge of various
pharmacoiogical and pharmacokinetic properties of the agent, including, but not Hmited
to, F (fractional bivavailability of the dose), Cp (congentration in the plasma), CL
{clearance/clearance rate), Vs (volume of drog distribution at steady state) Css
{concentration at steady state), and t1/2 {drug half-life}, as well as information abont the
agent's rate of absorption and distribution. Those skilled in the art are referved to any
number of well known pharmacological texis (e.g., Goodman and Gilman's,
Pharmacecutical Basis of Therapeutics, 10th ed., Hardman ef o, eds., 2001) for further
cxplanation of these variables and for complete cquations illustrating the caleulation of
individualized dosing regimes. Those skilied in the art also will be able to anticipate
potential fluctuations in these variables in individual subjects. For exampie, the standard
deviation in the values observed for F, CL, and Vss is typicaily about 20%, 50%, and
30%, respectively. The practical effect of potentially widely varying parameters in
individual subjects 1s that 95% of the time the Css achieved in a subject 18 between 35
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, however, that once the
agent’s Cp {concentration in the plasma) is measwred, it is possible to cstimate the valacs
of F, CL, and Vss directly, This allows the clinician to effectively fiue tune a particolar
subicet’s dosing regimon,

In stilt other embodiments. the present invention contemplates that continuing
therapeutic drug mowitoring techniques be vsed to farther adjust an individual’s dosing
methods and regimens. For erample, o one embodiment, Css data is used is to further
refine the estiroaies of CL/F and to subsequently adiust the individual’s maintenance
dosing to achieve desired agent target levels using known pharmacological principles and
equations. Therapeutic drug mouitoring can be conducted at practically any time dhuring
the dosing schedule. In preferred embodiments, monitoring s carried out at multiple

time poimts during dosing and especially when adiministering intermittent doses. For
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example, drag monitoring can be conducted covcomitandly, within fractions of 2 second,
seconds, minutes, hours, days, weeks, months, efc., of administration of the agent
repardiess of the dosing methodology emploved (e g., intermittent 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 in agent effects and dynamics may not be readily observable because
changes in plasma concentration of the agent may be delayed {e.g., due to a slow rate of
distribution or other pharmacodynamic factors). Accordingly, subject samples obtained
shortly after agent adniinistration may have limited or decreased value.

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 caleulating revised estimates of the agent’s CL/F ratio.
Howover, those skilled in the art will appreciate that carly postabsorptive drug
concentrations 4o not typically reflect agent clearance. Early postabsorptive drug
concentrations aro 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 limited valne when caloulating therapeutic
long-term maimienance dosing regimens.

Agcordingly, i some cmbodiments, when the objective is therapeutic long-term
maintenance dosing, biotogical samples are obtained from the subject, cells, or tissves of
wterest well afier the provious dose has been admimistered, and even more preferably
shortly before the next planned dose is administered.

In still other embodiments, where the therapeniic agont 1§ nearly completcly
cleared by the subject in the futerval between doses, then the present invention
conteraplates collecting biological sawples from the subject at variogs time points
following the previous administration, and most preferably shortly afier the dose was

adminstered.
VIL  Repertaxin and Other Small Molecule CXURI Inbibitors

Tn certain embodiments, the methods, kits, and compositions of the present
i P

invention employ small molecule inhibitors of CXCRI. One exemplary agent is
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repartaxin. lu certain ernbodiments, the in vive dose of repartaxin is between 3 and 60
mg per kilogram {e.g., 3 ... 30 ... 50 .. 60 me/ky). In particular embodiments, the dose of

repartaxin 1s about 36 mg per kilogram. The chemical formula for repartaxin is shown

below:

In other embodiments, derivatives of the repertaxin ace employed. Gther small molecule
SXCRT antagonists include SB26561¢ {Glaxe SmithKline Beecham; Benson et al., 2000,
151:196-197), as well as SCH 527123 (2-hydroxy-N,N-dimethyl-3- { 2-[[{R}- 1 -(3-
methylfuran-2-yhpropyliamine}-3 4-dioxocyclobui-1 -enylaming} benzamide (SCH
527123}, an orally bioavailable CXCR2/CXCRI receptor antagonist (Schering Plough)).
Other smalf molecule inhibitors can be identified by the screening methods described

above.

EXAMPLES
The foliowing example is provided in order to demonstrate and further ilhustrate
certain preforred embodiments and aspects of the present invention and is not to be

construed as Limiting the scope thereof.

EXAMPLE 1
CHCR] Identifies Cancer Stem Cells
This example describes the identification of CXCR1, as well as other proteins

(e.g., FBXO21), as cancer stem cell markers.

Cell culture. Breast oell lines (BCL) were obtained from the ATCC

("http/iveww " followed by "lgepromochem-atee.corg/common/catalog/celiBiclogy/



i

23]

L%

1

celiBiologyindex ofin") or from coliections developed in the laboratories of Dirs. S, Ethier
(now available on "hitp/Awww." followed by "asterand.com/asterand/BIOREPOSITORY
Mbreasteancerceillines.aspx, SUM44, SUMS2, SUMI49, SUMI59, SUM 188, SUTMISG,
SUM225, SUM229™;, V.1 Mobus (BrCa-MZ-01), and V. Catros {($68). All BCLs tested

ere derived from carcinomas except MCFT0A, which is derived from fibwooystic
disease, and the HMEC-derived 184A1, which was derived from normal mammary
tissue. The cell lines were grown using the recommended cultare conditions, All

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

ALDEFLUOR assay and separation of the ALDH-positive popudation by FACS.
ALDH activity was assessed in 33 BULs representing the main molecular subtypes of
human breast cancer. The ALDEFLUGR kit (StemCell technologies, Durham, NC,
USA) was uscd to isolatc the population with high ALDH enzymatic activity {17). Cells
obtained from subconfluent cell lines after trypsinization o from freshly dissociated
xenografis were suspended in ALDEFLUOR assay buffer containing ALDH substratc
(BAAA, | umollper 1x106 cells) and 1ncubated for 40 minutes at 37°C. In each
experiment a sample of cells was stained under identical conditions with 30mmol/L of
dicthylaminobenzaldehyde (DEAB), a specific ALDH inhibitor, as negative control,
Flow cytometry sorting was conducted using 2 FACStarPLUS (Becton Dickinson).
ALDEFLUQOR flucrescence was excited at 488 mm and detected using standard
fluorescein sothioeyanate (FITC) $30/30 band pase fiter. For senotransplanted tumors,
incubation with an anti-H2Kd antibody (B biosciences, 1/200, 20 nun on ice) followed
by a secondary antibody labeled with phycoerythrin (Jackson labs, 1/250, 20 min on ice)
was used to eliminate cells of mouse origin. The sorting gates were established using PU
stamned cells for viability, ALDEFLUOR -stained cells treated with DEAB, and those
stained with secondary antibody alone, Prior to RNA profibing or NOD/SCID mice
injection, the purity of sorted populations was checked using double sorting of 10,000
ALDEFLUOR-positive and negative cells in BriZa-MZ-01 and SUM 39 cell lines. For
both cell lines, sorted ALDEFLUOR -positive populations contamed more than 8% of
ALDEFLUOR-positive cells and no ALDEFLUOR-positive celis were detected in the
ALDEFLUOR-negative population,



Tumorigenicity in NOD/SCID mice. Tumorigenicity of ALDELFUOR-positive, -
negative and unseparated SUM 159, MDA-MB~433 and BrCa-MZ-01 cells was assessed
in NODYSCID mice. Fat pads weve cleared of epithelinm at 3 weeks of age prior to
puberty and humanized by injecting human fibroblasts (11 iradiated:non-irradiated,
50,000 cells/100u! Matrigel/fat pad) as desoribed (17). The animals were euthanized
when the tumors were 1.2 cm in the largest diameter, in compliance with regulations for
use of vertebrate ammal jn 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 assay, followed by sorting and serial ransplantation.

Anchorage-independent culture. ALDEFLUCOR-positive, -negative and
uneeparated cells from 184A1, SUMI4Y and SUMIS9 were plated as singie celis in ultra-
low attachment plates {Corning, Acton, MA} at low density (5000 viable celis/mi). Cells
were grown in serum-free mammary cpithelial basal medium (Cambrex Bio Science,
Walkerville, MD) for 3-7 days, as descrived (18}, The capacity of cells to form spheres
was quantificd after treatment with different doses of IL8 (Gen'Way Biotech, San Dicego,

CA) added to the medium.

RNA extraction. Total RNA wag extracted from frozen ALDEFLUOR-positive
and -negative cells using DNA/RNA AN Prep Maxi Kit, according to the mamufactorer's
mstroctions (Qiagen, Sample and Assay technologies, The Netherlands)., Eight BCLs

were ased for ranseriptional analysis: 184 A1, BrCa-MZ-01, HCC1954, MIDA-MB-231,
MDA-MB-453, SK-BR-7, SUMI49, and SUMIT59. RNA integrity was controtied hy
denaturing formaldehyde agarose gel electrophoresis and micro-analysis (Agilent

Bioanalyzer, Palo Alio, CA).

Gene expression profiling with DNA microarravs. Gene expression analyses used
Affymetrix U133 Plus 2.0 human oligonucleotide microarrays containing over 47,000
transcripts and variants inchuding 38,5300 well-characterized human genes. Preparation of

cBNA, hybridirzations, washus and detection were done as recommended by the supplier
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("hitp/www,” foliowed by "affymetrix.convindex.affe”). Bxpression data were
analyzed by the RMA (Robust Multichip Average) method in R using Biocondactor and
assoctated packages (19), as deseribed (20, 21). RMA did background adjustment,
guantile normalization and summarization of 11 oligonuciectides per gene.

Before analysis, a filtering process removed from the dafaset genes with fow and
poorty measured expression as defined by expression value inferior to 100 onits in all the
16 samples, retaining 25,285 genes/ESTs. A second fiiter, based on the intensity of
standard deviation (8D3), was appExe for unsupervised analyses to exclude genes showing
low expression variation across the analyses, 8D was calculated on lop2-transformed
data, in which lowest values were first floored to a2 minimal value of 100 units, i.e. the
background intensity, retaining 13,550 genes/ESTs with SD superior to 0.5, An
unsupervised analysis was done on 16 ALDEFLUOR-positive, -negative cells on 13,550
gencs. Before hicrarchical clustering, filtered data were log2-transformed and subimitied
1 the Chaster program (22) using data median-centered on genes, Pearson correlation as
similarity metric and centroid linkage clustering. Results were displayed using TrecView
program (22). To identify and rank genes discriminating ALDEFLUQR-positive and -
negative populations, a Mann and Whitney U test was applicd to the 25,285 gones/ESTs
and false discovery rate (FDK, (23) was used to correct the multiple testing hypothesis,
The classification power of the discrimunator signature was illustrated by classifying
samples by hicrarchical clustering. A LOOCY was applied to estimate the accuracy of
prediction of the wdentified molecolar signatures and the validity of supervised analysis;
cach sample was excluded one by one and classified with the lnear discrinuinant analysis

{LDA, (24) by using model defived ou the non~-excluded samples,

Real-time RT-FCR. After ALDEFLUOR-positive and ALBEFLUOR-negative
populations from different cell Unes were soried, fotal RNA was isolated using RMeasy
Mini Kit (QIAGEN) and utilized for real-time quanutative RT-PCR (qRT-PLR) assays in
a ABI PRISM® 7900HT sequence detection system with 384-well block module and
automation accessory {Appiicd Biosystoms). Primers and probes for the Tagman system
were selected from the Applied Biosystems website. The seguences of the PCR primer
pairs and fluorogenic probes used for CXCRL, FBXOZL, NFY A, NOTCH2, RADSILY
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and TBP are avatlable on the Applied Biosystems website {CXCR ] assay 1T

Hs 00174146 yai; FBXOZT assay ID: Hs (0372141 mi, NFYA assay ID:

Hs 009353589 mi, NOTCHZ assay ID: Hs 01050719 mi, RADS1LY assay [D:
[1s00172522 mi, TBP assay 1D: Tis_00427620_mi). The relative expression mRNA
fevel of CXCRI, FBXO21, NFY A, NOTCH2, RADSILT was computed with respeet fo
the internal standard TBP gene to normalize for variations in the guality of RNA and the

\

amount of input cDNA, as described previously (25).

Invasion assay. Assays were done in triplicate in transwell chambers with 8um
pore polyearbonate filter inserts for 12-well plates (Coming, NY). Filters were coated
with 30 vl of ice-cold 1:6 basement membrane extract (Matrige!, BD-Bioscience) in
DMEM/F12 incubated 1 howr at 37°C. Celis were added to the upper chamber in 200 ul
of serum~frec medinm. For the invasion assay, 5000 cells were seeded on the Matrigel
coated filters and the lower chamber was filled with 600 ul of medium supplemented with
10%% human serum (Cambrex) or with 600 ul of scrum-frec mediun: supplemented with
L8 {(100ng/mL), After 48 hours incubation, the cells on the underside of the filter were
counted using light microscopy. Relative invasion was normalized to the unscparated

corresponding cell lines under serum condition,

Lentivirus infection. For Inciferase gene transduction, 70% confluent cells from
HOC1954, MDA-MB-433, and SUM 159 were incubated wcmigbt witha 1:3
precipitated mixiure of lentiviral supernatants Lenti-LUC-VSVG (Vector Core, Ann
Arbor, MI) i ealture mediom. The following day the cells were harvested by
rypstVEDTA and sobeultured at a ratio of 1:6. After | week tncubation, cells were
soried according to the ALDEFLUOR phenotype and tuciforase expression was verified
in each sorted population (ALDEFLUOR -positive and ALDEFLUOR -vegative) by
adding 2 mi D-tuciferin 0.0003% (Promega, Madison, W1} in the culture medium and

covnting photon flax by device camera system (Xenogen, Alameda, CA)L

Intracardiae inacuiation. Stx weeks-old NOD/STID mice were anesthetized with

2% isofluorane/air mixhire and mjected i the heart left ventricle with 100,006 celis in
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100 pL of sterite Dulbecco's PBS lacking Ca2+ and Mg2+. For each of the three cell
hines (FICC 1954, MDA-MB-433, SUMI59) and for each population {ALDEFLUOR-

positive, ALDEFLUOR-negative and unsorted), three antmals were injected.

Biotuminescence detection. Baseline bioluntnescence was assessed before

Jdnocudation and each weel thereafter inoculations. Mice were anesthetized with a 2%

isofluorane/air mixture and given 4 single Lp. dose of 150 mg/kg Deluciferin (Promega,
Madison, WT) in PBS. Animals were then re-anesthetized 6 minutes after administration
of D-luciferin, For photon flux counting, a charge-coupled device camera system
{(Xenogen, Alameda, CA) was nsed with a nose-cone isoflnorane delivery system and
heated stage for maindaining body temperature. Results were analyzed after 210 12
minutes of exposure using Living Image software provided with the Xenogen imaging
system. Signal intensity was quantificd as the surn of all detected photon flux counts
within a vaiform region of interest mamually placed during data postprocessing.
Normalized photon flux represents the ratio of the photon flux detected cach woek after
inoculations and the photon flux detecied before inoculation.

Statistical analysis. Results are presented as the mean £50 for at least three
repeated individual experiments for cach group. Statistical analyses used the SPSE
software (version 10.0.5). Correlations between sample groups and moleonlar parameters
were calenlated with the Fisher's exact test or the one-way ANOVA for independent

samples. A p-value *0.05 was considered significant.

The migjority of hreast cell lines contain an ALDEFLUOR-positive population.
The ALDEFLUOR assay (17) was used towolate CSC from 33 BCLs ropresenting the
diverse moleenlar subtypes and features of breast cancer {20}, Ttwas found that 22 ous of
the 33 cell lines contamed an ALDEFLUOR-positive cell population that ranged from 0.2
w0 nearly 100%. All 16 basal/mesenchymal BCLs contained an ALDEFLUOR-positive
population whoreas 7 out of the 12 juminal BCLs did not contain any detectable

ALBEFLUOR-positive cells (p==(.0006, Fischer's exact test}.
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ALDEFLUGR-positive cells have iumorsphere-forming capacity. It has
previously been reported that mammary epithelial stem and progenitor cells are able to
survive and proliferate in anchorage-independent conditions and form floating spherical
colonies which are termed mammospheres (18} Data from breast fumors, as well as cell
lines, have demonstrated that cancer stern-like cells or cancer-initiating cells can also be

isolated and propogated as “tumorspheres™ in sivuilar assays (26). All mammosphere-
mitiating cells in the normal human maremary gland are contained within the
ALDEFLUOR-positive population {17}, To characterize the ALDEFLUOR-positive
population from BCLs, the ability of ALDEFLUOR-positive and -negative ponula tons
from 184A1, SUMI49 and SUMIS? to form tumorspheres were compared. In each cell
ling, the ALDEFLUOR-positive population showed increased tmorsphere-forming

capacity compared to ALDEFLUOR-negative celis.

ALDEFLUGE-positive BUL cells have cancer stem cell properties in vive. To
determine the hicrarchical organization of BCL, the stem cell properties of the
ALDEFLUOR-positive and -negative populations of MDA-MB-453, SUMI159, and
BrCa-MZ-01 cell lines were analyzed. The ALDEFLUOR-posttive populations of these
three BCLs constituted between 3.541.73% and 5.4943.56% of the total celi populations
{Fig. 1A-B, G-H; Fig. 2A-B}. As shown in Fig, 1F, L the size and latency of tamor
formation correlated with the number of ALDEFLUOR-positive cells injected,
Remarkably, 508 ALDEFLUOR-positive colls from MIDA-MB-453 and 1,000
ALDEFLUOR-pogitive cells from SUMISY were able to form tamors. The fumor-
generating capacity was maintained through scrial passages demonstrating the seli-
renewnl capacity of these cells. In contrast, ALDEFLUOR-negative cells failed w
generate famors, althongh lmited growth was produced when 50,000 ALDEFLUOR-
negative MIDA-MB-433 cells were injected. H&E staining of the fat pad sections
confirmed that tumors formed by ALDEFLUOR -positive cells contained malignant cells
whereas only residnal Matrigel, apoptotic cells and mouse tissue were seen at the sites of
ALDELFUOR-negative cell injeetions (Fig, 1B, X, Consistent with the ALDEFLUGR-
positive population having cancer stem cell characteristics, tumors generated by this

population recapitulated the phenotypic heterogeneity of the initial tumeor, with a similar
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ratio of ALDEFLUOR-positive and -negative cells (Fig. 10, 1), This indicates that
ALDEFLUOR-positive cells were able to selfrenew, generating ALDEFLUOR-positive
cells and were able to differentiate, generating ALDEFLUQOR-negative cells.

When BrCa-MZ-01 cells were separated into ALDEFLUOR -positive and -
negative components, both were capable of tumor generation. Twmors generated by the
ALDEFLUOR-positive population consisted of both ALDEFLUQOR-positive and -
negative cells recapitulating the phenotypie heterogoneity of the mitlal tumor. In
contrast, tumors generated by ALDEFLUOR-pegative cells gave rise to slowly growing
tumors containing only ALDEFLUOR-negative cells. In contrast to the ahility of
ALDEFLUOR-positive cells to be serially transplanted, serial passages of
ALDEFLUOR-negative tumors produced decreasing tumor growth with no growth
following three passages. This suggesis that the ALDEFLUOR-positive component of
the Brla-MZ-01 cells contain cells with stom cell propertics, whereas the ALDEFLUOR-
negative cells contain progenitor cells able to undergo himited growth but not seif-

renewal.

Gene expression prafiling of ALDELFUOR-positive and -negative cell
popuiations. To determine whether ALDEFLUCGR-positive celis isolated from different
BCLs expressed a common set of “cancer stem eoll” genes, the ALDEFLUOR -positive
and -negative cell populations isolated from eight BCLs (184A 1, BrCa-MZ-01,
RCCI954, MDA-MB-231, MDA-MB-453, SK-BR-7, SUMA49, and SUMLSS) were
snalyzed using Affymetrix whole-genome oligonacleotide microarravs. Unsupervised
Inerarchical clustering, applied to the 16 samples and the 13,550 filiered gencs/ESTs, did
not separate ALDEFLUOR-positive and —negative populations. Instead, ALDEFLUOR-
positive and —negative populations clustered with the parental cell ine. This seggoests
that the differences in mRNA transoripis between clonal cell lines supersede differences
between ALDEFLUOR-positive and ALDEFLUOR-negative cells. This further suggests
that only a imited number of genes are differentially expressed between putative cancer
stem cells and their progeny.

To determine which genes discriminated ALDEFLUOR -positive and -negative

populations, the Mann and Whitney U test was applied to all genes but those with low



and poorty measured expression, .e. 25,285 probe sets. This test identified and ranked

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

-negative cell populations, The 28 overexpressed genes cotresponding (o upigue genes

are shown in Table 1. and the most freguently underexpresse

-
L

(8]

TABLE 1 - Up Regulaged Genes

& genes are shown in Table

Category

Syl

Description

Cytoband

Probe set il

Fanction

BaKes pravimesly
Gescribed © have
3 yofe in glem cell

brinfony

ShiBRIAE

e

oSNNS

warly arbryanic dewispomat

HWITLHD k3g 258 chrtasiel SRUCTRANE! SRR

REKIE oy wonf aroiein 18 SEEETRE n ¢ oy of uraepsiets
A ST rpir-galesesity Sigka-tid P pre b eNs
STIEALY T o Sora shrig2d 1 SEEEIRY ® At bR
SEEALS slalyisangsaraze hrag s € SAERY s 4

NFYS et banspi daes I, RPN Rteoai ZINET =

FETEmEy Smerag iSresephile)

Srgnating

Fobeae o 21

WY

YT nommin SRs! Gxoimartusinig

wadatye, danscrip

TAMEDR

predon ¢lnase

[53

ornanin Yoy

chieFiniS

Trigyoetide hysdyse

shigrias ivrosinier shawst §

ahnSpiiadnd

RS phisess mersmie g
P

o 2nd sevine-rioh TEpeN Jretem 38

SUSANRTHG, DR AT RNRIE Y

Bednie sarner farciy SE. er

Ritheate prosein Sndesekiv § maestor, chidsds ZETORL & Iodtamsainy sernare
Tash ravngd Sheiietd 2HTET_ Ritter poreagd
LEI mlgsnie-ive o chr il AT R Iiveas vREPRNEE
BEDE BP0 U Foradn naa shrrgetTd THETIE
BN& smpsi RATEILY SENIREE_3 Rt

Dogseietnt

TRV

Extvarediulat

Aty TIER2,
T
RiAintesterenoe | SIE0E sl TEE 5 e
Kn¥oowh ZEPRL shi@eddd TavgeR s R
FAMAsS chrdald 21 P [t
FROREICT I K Isse & ohrisi g 2EERE_ - Jninoan

Faes
fw)

[veel
a2



TABLE 2 - Dowe Begulated Genes

Category

Syrab

Descriphorn Cytabang i

Fusction

Prewin
synthesis
I

sabeng s oo

et EE

Protain gpmnasis i

e
RERER

relenhanasg: shosonat

refenhon

R a

i sythests (2F2
G

bianam ad g
R NRICIER

ENS IR

Profais gieosnaion

AEARIS

! ; srial semypr
cf ST

HRLDE

+EEE i rous

anain ouisining

Rersiifr pester bonEnesis

Ysng:

sphoaiiny

Qe v gupss hisaynihess

Intrsaviar prvtes NEYRUOT 3206ET
TIRTIRTRSS

PWREHY

sy FZ\'«E TR T

o B
oot LMY

[ 0 pretein 2UER0Y, 3!
USRS Eoitass 18

COPRIRS TCRM toean aomseing £

LELET Loty 5

Apcpivsis

sochenringt sosswsxl ave Lot

v ok 153 pretes, Ladl ol
RARERTIE 1y ane pRER

L prgwmined o death SBT3 Indtiaites v Ropptves
=
oDt Freavasired v deam b Inshation oS s
Bfentiant | oo s L AaTed sunples Syt i seviaion
R graaram R poypEmie
seyjuence nilanty Y weraher
Gl oyale TANEIEY R R Reguwsiiv of mios ie Syharss

RuA spliving

-
ARl

N
Pearn RO grave:

& pre-mBNh SReess NG fauiey §F
frxmofen 35, Selewsiee

Pre-raRNA e

L3583 horesizg, U se

Fra RN peanRsRny

SOUENG fAer, BIRETeNRE NS T,
PRSI Zrend ¥ 232831 x

PRPF4E

PR pr-mEHS rteasg fackerd

finensly & amastt

ANER s

Toadative
phesphargar
[0

ATFES

BTF spriisas, -t VEASRORNG
vzshonea: FO Comgieg, sufend 5 i
N

E

ISR 55

A O EERehRReTR ATP

NDUERY

RAL sehpifrogamese [asanosy
I wichoompder, 2 SRUERY

IDEEE s

LoMPaNENtS OF e TN Dl SRR
samyme

- faespesig.
<. sasbuvd F2

TP sx

AR

I3EAT 9 Frotasinsiy

Unkower S3TEL ‘Dresop! NG e s Lndnows
FEGIR 18TAC hrspafhenst peanlen YK JeESEE ot niniessy

WEESS BarA) S2TRAS & iRz
[HFZEGREALRI ARFTRAE T Lhancns

OCHDE! o e chrtadEs Uizt

FLIRETIR Srpoiiaieal prodess FLATE SEgtY 20004 & Hranows

SRy d 3 SARGE 5 e

ATERTRSY ATSRASNSIRVIRE pen A Linanzes

eosthansl saben FLATIOY TEELES &t Ussiawn

sesad qunlamar BN S0 b 604

LOCEENSt

Uminzeen

Ireoietagl gy LOLRAITER G35ASE 2 o

THERA

e

uResmRbians praten Y40

Usknmwey

Thwunosene & osn e Tae 5%

insnewss




[
(%4

The classification power of this discrininating signature was illustrated by
classifying the 16 ALDEFLUOR-pusitive and -neghtive samples with the 413
differentially expressed genes/ESTs. Hierarchical clustering ranked 15 out of the 16
samples (Fig. 2A).

A number of genes known to play a role in stem cell biology were upregulated in
the ALDEFLUOR-positive populations {Table 1), including NFY A, NOTCII2, PONX,
RBMIS, ST3GALZ, and TPRXL. Other genes encode proteins that have putative or
uncharacterized role in stem cell fomction, such as ARIDIB, RADSILI, and the
chemokine receptor CXCRI/ILSRA (27). Genes undercxpressed in the ALDEFLUOR-
positive population are involved in cell differentiation, apoptosis, RNA splicing, and
mitachondrial metabolism.

T'o increase the stringency of analysis, the threshold of the Mann and Whitney
analysis was raised to the 0.5 risk and obiained a list of 49 genes/ESTs that discriminated
ALDELFLUCGR-positive and -negative populations {genes with asterisk in Tables 1-2).
With this list, all of the ALDEFLUOR -positive cells, cxcept from SK-BR-7, clustered
tegether. Among these 49 genes/BSTS, 45 corresponded tw identified unique genes; only
3 of these 45 were overexpressed in the ALDEFLUOR-positive group while 42 were
underexpressed. Characterized overexpressed genes code for an F-box protein FBX0O21
and CXCRIVILBRA, Underexpressed genes mclude those coding for mitochondrial
proteins (MRPLAT, MRPLAZ, MRPL47. MRPLS4, MRPS23, IMMFIL}, and
differentiation (NACA) and pre~uRNA splicing factors (LSM3, pre-mBRNA processing
factor PRPF3% and PRPF4RB). Leave-one-out cross-validation {LOOCV) at 0.5% risk
estimated the accuracy of prediction of the identifior molecular signature and 88% of the
samples were predicted in the right class with this “cancer stern cell signature”
coufirming the supervised analysis.

Quantitative RT-PCR assessroent confirmed a significant increase of CXCRI and
FRXO2 w ALDEFLUGR-positive cells. Quantitative RT-PCR analysis of five
discriminator genes overexpressed in ALDEFLUOR-positive populations
{CXCRVILBRA, FBXO21, NFYA, NOTCH2 and RADSILI) was performed. Three cell
lines used m the profiling analysis (BrCa-MZ-01, MDA-MB-453, SUM159) and two

additional uminal cell lines (MCF7, 568) were sorted by ALDEFLUOR -assay an
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ALDEFLUOR~positive and ~negative populations were processed separately for
guantitative RT-PCR analysis. The guantitative RT-POR expression level of CXCRT and
FBXO2! are presented in Fig. 2 B and C. Gene expression Jevels measured by
quantitative RT-PCR confirmed the results obtained nsing DNA microarrays with an
increase of CXCRI and FBXO21 mRNA level in the ALDEFLUOCR-posiiive population

compared to the ALDEFLUOR-negative population {p<{L.03).

fL.8 promotes cancer stem cell self-renewal. The profiling studies suggested that
the 118 recepior CXCRI/ALERA was consistently expressed in the ALDEFLUOR-
positive cell population. To confirm this association, the protein expression of
CHRCRI/ILBRA was measured by flow cytometry in ALDEFLUOR-positive and -
negative populations. The ALDEFLUOR-positive and -negative populations from four
different cell lines were isolated by FACS, fixed, and stained with a CXCR1 monoclonal

antibody fabeled with phycoerythrin, As shown in Fig. 3A, ALDEFLUOR-positive cells

- were highly enriched in CXCR-positive cells compared to the ALDEFLUOR-negative

populations,

To determine whether 1L8 signaling is Important in stemn cell function, four BCLs
were treated with hman recombinant 118 1o determine its offect on the cancer stem cell
population as measured by the formation of tumorspheres and by ALDH cnrymatic
activity. As shown in Fig. 3B, addition of IL8 mnereased the formation of primary and
sccondary turporspheres in a dose-dependent manmer, Furthermore, ILE increased the
ALDEFLUOR-positive population 1o a dose-dependent yuanner in each of the four BCLs
analyzed {Fig. 3C). This illostrates the power of the “CSC signature™ to identify

pathways that may play 2 role in stem cell fonction.

The FLE/CXCRI axis is involved in cancer stem cell invasion. The TLE/CXCRI
axis has been reported to play a vole 1o cancer stem cell fovasion (28, 29). A Matnigel
invasion assay was utilized, using serom as attractant, to examine the ability of
ALDEFLUOR-positive and -negative coll populations from three different cell lines
(MICC1954, MDA-MB-453, SUMIS59) to invade. As shown in Fig. 4A, ALDEFLUGR-

positive cells demonstrated 6- to 20-fold higher invasion through Matrigel than the
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ALDEFLUOR-negative population {(p<0.01). When used as a chemo-attractant TLE (100
ng/ml) increased fnvasion of the ALDEFLUOR-positive cells (p<0.05) (Fig. 4A). In
contrast to its effects on ALDEFLUOR-positive cells, IL8 did not have any effect on the
invastve capacity of ALDELFLUOR- -negative cells. These results indicate that cancer

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

ALDEFLUOR-pasitive cells have increased mztasiatic potential. 1t bas 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 ALDEFLUGR-negative cells. To determine the relationship
hetween ALDEFLUOR-positivity and metastatic capacity, BCC1954, MDA-MB-453,
and SUM159 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 infection. A suspension of 100,000 cells from each population was
injected and metastasis was assessed by bioluminescont imaging. Mice inoculated with
ALDEFLUQOR-positive cells developed metastases at different sites and displaved a
higher photon flux emission than mice inoculated with unseparated cells, which
developed no more than one metastasis per mouse, or mice inoculated with
ALDEFLUOR-ncgative cells, which doveloped only occasional metastases limited fo
lymph nodes (Fig. 4B-J). Histologic sections confirmed the presence of metasiases at
these sites {(Fig, 4K-M). Thus, the metastatic capacity of BCLs is predominantly

mediated by C8Cs contamed in the ALDEFLUOR-positive population.

The hypothesis that tumors are organized in a cellular hierarchy driven by C8Cs
has fundamental tuphications {or cancer biology as well as clinical implications for the
early defection, prevention and freatment of cancer. Evidence for USCs has largely relied
on primary and early passage xenograft models (32-34), However, the sucoess of
establishing breast tumor xenograft has been low particularly for certain molecular
subtypes. ln contrast to primary tamors, cell lines arc available in unlimited quantitics
and provide only carcinomatons populations for molecular analysis without normal tissue

and stroma. In breast cancer, a large mumber of tmmortalized cell lines have been
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produced which represent the different molecular subtypes found in primary human
breast cancers (2, 203, However, @ fundamental gquestion remains as to how closely these
cefl lines are able {0 recapitulate the biclogy of human breast cance

In vive evidence for stesn cells in cell Hres. Recent studies have suggested that
although cell lines may be clonally derived, they contain a celtular hierarchy represeniing
different stages of celiular differentiation. Several studies have uglized markers such as
CL44+/CD24 to identify CSC within breast cancer cell lines. However, their utility s
limited by the observation that frequently a large percentage of cells within a cell line
expross these putative stem cell markers. For exampie, greater than 905 of celis in hasal
breast cancer cell lines display the CD44-+/CD24- phenotype. Indeed, the CD44-+/CD24-
phenotype did not isolate the fumeorigenic 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 usc the SP from cell lines. However, fonctional studics
utilizing Hoechst staining are limited by the toxicity of this agent (35). There is also
cvidence that the functional stem cell activity is not contained within the SP(36).
ALDH activity assessed by the ALDEFLUOR assay isolates cells with stem celi
properties fromm various cancers (14, 373, In this Example it was demonstrated that 23 out
of 33 BCLs (predominantly basal cell lines) contain an ALDEFLUOR -positive

population. Lack of an ALDEFLUGR-positive population in some luminal BCLs may

" indicate that these lominal BCLs are derived from ALDEFLUOR -negative progenitor

cells,

This Example utilized in vivo assays in NOD/SCID mice 10 demonsirate the stem
cell propertics of the ALDEFLUQR -positive populations.  Self~renewsl was
demonstrated by serial passage in NODY/SCID wice and differentiation was demonsirated
by the abiluy of ALDEFLUOR-positive but not ALDEFLUQR -negative cells io

regenerate the cellular heterogeneity of the iniiial tumor.

A breast cancer siem cell signature. Utilizing eight breast cell lines, this Example
identified 413 genes whose expression discriminates ALDEFLUOR-posttive and -
negative cells, This signatore contained a munber of genes known to play a role in stem

cell biology, Genes pverexpressed in the ALDEFLUOR-positive population incinde
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Notch homolog 2 (NOTCHZ), which regulutes self-reneowal and differenuiation of
mammary stern cells (18, 38), NFYA, known to regulate self-renewal and differentiation
of stem cells, (39, 403, pecanex hormolog PONX, RBMIS/0TT, which plays a pleiotropic
role in hematopoiciic stem cells (41) and affects myeloid differentiation via NOTCH

signaling (42), homeobox-like factor TPRXL involved in embryonic development,
STIGAL3, which codes for a stage-specific embryonic antigen-4 synthase, associated
with fetal dovelopment and renal and gasiric carcinogenesis {43). Notably, stage-specific
embryonic antigen-4 protein {SSEA-4) Is expressed in stem cell populations such as
CRCRA+/CDI33+/CD344/]in- stem cells in buman cord blood and guiescent mammary
stemn cells (44).

Genes underexpressed in the ALDEFLUOGR-positive population are involved in
cell differentiation, apoptosis. and mitochondrial oxidation. They include genes coding
for nascent polypeptide-associated complex alpha subunit NACA, programmed death
proteins PDCDS and PRCDI (3, mitochondrial ribosomal protein L41 (MRPL41), which
induces apoptosis through P33-dependent and independent manner via BCL2 and
caspases, and proteins involved in mitochondrial processes such as oxidative
phosphorylation (NDUFAZ2, ATP3J2, IMMP1L) and protein synthesis in the
mitochondrion (MRPLAZ2, MRPL47, MRPLS4, MRPSZ3). Downregulation of apoptotic
genes in CSCs may play a role in the resistance of these cclls to radiation and
chemotherapy (45, 46}, ALDHIAL was not identified as a differentially-expressed gene
in the ALDEFLUOR-positive signatare, However, examination of gene expression
profile of individual BCLs revealed that although some showed differential expression of
ALDHIAL in the ALDEFLUGR-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 to the ALDEFLUQOR-
positive phenotype.

From chemokines to “stemokines.” The expression of CXCRI, a receptor for
TL8, is increased n a variety of cancers (47-50). Although LR expression is associated
with ER-negative breast cancer {51), this chemokine has not previously been reported to
play a role in siem cell function. Its implication in the regulation of growth and

metastasis is well-established in androgen-independent prostate cancer (52).
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Furthermore, the expressiou level of 118 is associated with fumorigenicity and metastasis
through VEGF production and angiogenesis (53, 54). The gene expression data was
validated in three ways, First, quantitative RT-PCR analysis confirmed a significant
increase of CXCRT mBNA in ALDEFLUOR-positive popudation from cell lines both
included and not included in profiling analysis. Second, it was demonstrated nsing flow
cviometry that CXCRI-containing cells were found exclusively within the
ALDEFLUOR-positive population. Third, recombinant IL8 morcased mammaospherc
formation and the percent of ALDEFLUOR -positive cells in BCLs., The ILB/CXCRI
axis thus appears 1o regulate mammary stem cell profiferation or seif-renewal. Since
endothelial and stromal colls secrete 1LE this chemokine appears to play 2 role in
mediating interactions berween aunor stem cells and the amor microenviromment.
Recent studies have suggested a rofe for mterleukines/chemokines in the
regulation of CSCs (55, 36). 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
agsociation between inflanunation and cancer. This also includes a role for CCLS
{RANTERS), s chemokine secreted by mesenchymal stem cells, which acts as a paracrine

factor and enhance breast cancer cclis motility, invasion and metastasis(35).

The roots of metastasis. CSCs may be responsibic for mediating turnor

o

metastasis. A link between CSC and metastasis was first suggested with the
identification of stem cell genes in an 1i-gene signature generated using comparative
profile of metastastatic and primary tumors in ransgendc mouge model of prostate cancer
and cancer patients (60). This signature was also & powerful predictor of dissase
recurrence, death afier therapy and distant metastasis in a vanety of cancer types. This
Example has demonstrated that ALDEFLUOR -positive cells are more metastatic than
ALDEFLUOR-negative celis and that 118, previously reported to play 4 role in tumor
elastasis, profuotes the mvasion and chemotasis of cancer stamm cells which
preferentially express the [L8 receptor CXCRI. The ability 1o isolate metastatic cancer
stem cell from eoll lines should facititate studies of the molecnlar mechanisms by which

cancer stem cells mediate fumor metasiasis.
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EXAMPLE 2
CXCRT Inhibition and Combination Therapy
This example describes various methods emploved to test the effect of CXCRI
inhibition on tumor cells, as well as the combination of CXCRI inhibition in combination

with an anti-mitotic agent (docetaxel},

Effect of CXCRI inhibition on the cell growth and on the ALDEFLUOR-positive

population of SUMISS cefl line.

The SUML139 cell line was cultured in adberent condition and treated the celis
using the CXCRVCXCRY inhibitor Repertaxin or two specific blocking antibodies for
CXCR1 or CXCR2. After 4 days of treatment, the effect on cell growth was analyzed
using the MTT assay (Figurc 5A) and on the cancer stem cell population using the
ALDEFLUQR assay (Figure 5B). More than 95% of cell growth inhibition was observed
in the eclls treated with Repertaxin or the CXCR1 blocking antibody, whercas no effoet
was observed for the cells treated with the CXCRZ blocking antibody (Figure 5A).
Interestingly similar effect was observed on the ALDEFL UOR-positive population with a
decrease of 80% and 50% of the ALDEFLUOR -positive population in the cells treated

with Repertaxin and CXCR1 blocking antibody respectively (Figure 5383,

Reperiaxin trectment indices ¢ bvsiander effect mediared by the FAS/FAS ligand
signaling

SUMT39 cell Hioe cells were cultured in adherent conditions and then treatod with
Repertaxin alone or iv combination with a FAS antagonist. Taterestingly. the cell growth
mhibition fnduced by the Repertaxin treatment was partially rescued by the addition of a
FAS auntagonist (anti/Fas-higand from BD pharminges (cat# 556371} Moreover, the
cells treated with a FAS agonist displaved a similar cell growth mhibition than the cells
treated with Repertaxin, These vesults suggest that Repertaxin treatinent induces a

bystander offeet mediated by the FAS/FAS ligand signaling,

el
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Effect of Repariaxin treatment on FAK, AKT and FOXOA3 activarion.

T order to evalnate the effect of Repertaxin treatment on the CXCRT downsiream
signaling, SUUM139 cells were cultured. during 2 days, in adherent condition in the
absence or in presence of 100nM of Repertaxin and stained by tmmunofluorescence with
antibodies against p-FAK, p-AKT, and FOXOA3. In the non-treated cells (Fig. TA), it
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 SUM159 celis presented
80% of celis positive in the cyloplasm for FOXOAZ. Iimterestingly, SUMI 59 cells treated
with Repertaxin presented 80% of cells positive in the nucicus for FOXOAS. The change
in FOXOAS cellular localation from the cytoplasm to the nuclens indicates an activation

of FOXOAS protein.

Twmors growth curves following the ireatment with Repertaxin, docelaxel or the
combinaiion

The effcet of Repertaxin, docetaxel, or the combination thereof was evaluatod
using one breast cancer cell lines (84, SUM159) and three humen breast cancer
senografis gencrated from different paticnts (8B, MC1 8C, UMZ; and 8D, UM3). For
cach sample, 50,000 cells were injected into the mammary fat pad of NOD-SCID mice
which were monitored for tuamor size, Tnjections were staricd when the fumor size was
abont 4 mmm. Repertaxin was injected (1 Smg/Kg) rwice a day for 28 days or once a week,
doceraxal was LP. mjecled (10mg/Kg), or the combination (Repenaxin/Docetaxel) was
emsployed. Figure & shows the tumor sizes before and doring the conrse of each indicated
treatment {arrow, beginning of the treatment). Similar results ave observed for each
sample (SUMT89, MC1L, UM2, UM3) with a statistically significant reduction of the
tumer size when treated with Docetaze! alone or the combination Repertazin/Doceiaxel
compared to the control (p<0.01) whereas no significant difference are observed between

the growih of the control tumors and the tumors treated with Reperataxin,
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Effect of Repertaxin, doceiaxel, or the combination treatment on the cancer stem cell
poputation ar assessed by the ALDEFLUOR assay

ALDH activity was assessed by the ALDEFLUGR assay for analyzing the cancer
stem cell populations size in sach tumor (9A. SUMISS, 98. MC1, 9C. UM2, 913, UM3}
treated with Repertaxin, docetaxel or the combination. Similar results are observed for
each sample. Docetaxel treated tumor xenografls showed similar or increase percentage
of ALDEFLUOR-positive cells compare o the control, whereas Repertaxin treatment
alone or in combination with docetaxel produced a statistically significant decrease in
ALDEFLUOR-positive cells with 65% to 85% less cancer stem cells compare to the

contral (p<G.01),

Effect of Repertaxin, docetaxel, or the combination freatment on the cancer stem cell
popuiation as assessed by implaniation in secondary mice.

Serial dilutions of cells obtained from primary tumors (10A. SUM 139, 10RB.
MCT, 10C. UM2, 10D, UM3) non treated {control) and treated with Ropertaxin,
docetazel or the combination were implanted in the manumary fat pad of secondary
NOD-SCID mice. Control and docetaxel treated primary tumoers formed sceondary
tumors at all dilutions whereas, only higher concentration of primary tumors treated with
Reperatxin or in combination with docctaxel were able form delayed secondary tomors
which were significantly smaller in size than the control or doceraxe] treated tumors
{p=0.01). Maorcover, 1000 and 100 primary treated cclls with the combination failed to

form secondary tumors for 3 out of 4 saraples (SUM139, UM2, UIM3).

Repertaxin reaiment reduces the metastaric potenial of SUMISS cell line

A SUMISS coll line was infected with a lentivirus expressing luciferase and
moculated 250,000 loctferase infected cells in the heart of NODYSCID muce. The mice
were orgamized inio two groups. The two groups of mice were treated 12 hours atier the
intracardiac injection either with s.c. injection of saline solution or s.c. injection of
Reportaxin (1 5mg/lg), twice a day during 28 days. Metastasis formation was monitored
using bioluminescence imaging (118 Mice treated with saline solation; 11 Mice

treated with Repertaxin). Quantification of the normalized photon fhux measured at
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weekly intervals following inoculation revealed a statistically significant increase of
metastasis formation in the group of mice treated with salipe solution compare o the

group of mice treated with Repertaxin (1 LA).

EXAMPLE 3
Treatment of cancey stem cells by CXCRY bleckade
This example demonstates the effect of CXCRT inhibition on tumor cells, through

both in vitro assays and mouse models.

Dissociation of mammary tissue. 100-200 g of normal breast tissue from reduction
mammoplasties was minced with scalpels, dissoctated enzymatically, and single cells
were cultured in suspension to gencrate manunospheres or on a collagen substratum in
adherent condition to induce cellolar differentiation (Donty ot al. Genes Doy, 17:1253-

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

Cell culiure. Breast cancer cell lines were grown using recommended culture conditions
{Charafe-Janffret ot al, Cancer Res. §69:1302-1313. | herein incorporated by reference in
its entirety). Breast cancer cell lines were weated in adherent condition with repertaxin
{Sigma-Aldrich), anti-human CXCR1 mouse monoclional antibody {(Clone 42705, R&D
systems), anti-human CXCR2 mouse monocional antibody (clone 48311, R&D systems),
anti-hurman CD25 mouse monocional antivody (Clone X2, BD Pharmingen) vtitized as
a FAS signaling agonist, anti-hurnan FAS-Ligand mouse monoclonal antibody (Clone
NOK-, BD pharmingen) utilized as a FAS signaling antagonst, or with docetaxcl

~

{Taxotere, Sanofi-Aventis).

Cell viahilizy. For MTT assays, cells were plated in acherent condition in 96-well plates
at 5,000 cells per well. After one day, treatment with tepertaxin was started. The effect of
repertaxin treatment on cell viability was estimated at different time points by addition of
20 ul of MTT solution (5 mg/ml in PBS) in cach well. Cells were then mcubated for |
hour at 37 °C followed by addition of 50 gL of DMSO 1o cach well. Absorbance was

measured at 360 nm in & fluorescence plate reader {Spectrafivor, Tecan). For TUNEL
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assays, cells were plated in adhercut conditions in 6-well plates at 50,000 cells per well,
After one day, treaiment with repertaxin was started. The number of apoptotic cells was
estimated after four days treatroent, Cells were fixed in 3.7% formaldebyde and stamed
wtilizing the TACS TdT kit (R&D systems), Nuclei were counterstained with
DiAPl/antitade (Tovitrogen). Sections were examined with 2 fluorescent microscope

{(Leica, Bannockborn, 1L, USA) with apoptotic cells detected in green.

ALDEFLUQR assay. The ALDEFLUOR kit {SteraCell technologies) was used o isolate
the population with high ALDH enzyimatic activity using a FACStarPLUS (Becton
Dickinson) as previously described (Ginestier et al. Cell Stem Cell 1:555-367., herein
incorporated by reference in its entirety). In order 1o eliminate cells of mouse origin from
the xenotransplanted tumors, cell population was stained with an anti-H2Kd antibody
{B{ biosciences, 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),

ELESA assay. To measure the level of soluble FAS-ligand scereted n the culture medivm
of cells treated or not with repertaxin, Human sEAS Ligand Elisa (Bender Medsystems)
was utilized. Absorbance was read on 2 spectro-photometer using 450 nm as the primary

wave ength,

Western blotiing. Cells were lysed 1o 2 faeoumli buffer and loaded onto SDS-
polyacrylamide gels. Blots were incubated with the respective primary aniibodies diluted
o TRBST (contarning 0.1%Tween20 and 2% BSA) cither overnight at 4o, or 2 howrs at
room temperature. Blots were washed and incubated with appropriate secondary
antibodies (GE Healtheave, UK} and detected using SuperSignal West Pico

Chemiluminescent Subsirate (Pierce).

Immmostaining. For impunofluorescent staining, sorted UXCR T-positive cells were
fixed with 93% methanol at -20°C for 10 minutes. Cells were rehydraied in PBS and
incubated with respective antibodies at room teraperabare for | hour. Primary anttbodies

used were P-FAK (1:50, Cell Signaling Technology), P-AKT (1:306, Cell Signaling
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chhh.ofmgy)-, andd FOXO3a {1:250, Cell Signaling Technology). Slides were then washed
and fncubated 30 minutes with PE conjugated secondary antibodies {(Jackson lubs). The
nuelet were counterstained with DAPVantifade (Invitrogen) and coverslipped. Sections
were examined with a fluorescent microscope (Leica, Bannockborn, 1L, USA)L
Inmunchistochemistry for the detection of ALDHT (1:100, BD biosciences), P-FAK, P~
AKT, FOXO3a expression was done on paraffin section (Ginestier ot al. Am. § Pathol.
161:1223-1233,, heren incorporated by reference in its entirety ). Staining was done
utilizing the Histostainplas kit (Zyrrae.d taboratories). Dianvinobenzidine (DAB) or 3-
aminge-S-gthylcarbazole {AEC) was used as chromogen and sections were counterstained

with hematoxylin.

Antmal model Tumoerigenicity of ALDELFUOR -positive/CXCR L-positive and
ALDEFLUOi{—pasitével‘CXCRl -negative SUMI59 cells was asscssed in NOD/SCID
mice {Ginestier et al. Celi Stem Cell 1:555-567., hevemn incorporated by reference in its
cntirety}., The SUMIS9 cell line and three primary human breast cancer xenografis
generated from three different patients (MC1, UMZ, UM3) were vtilized to determine the
cffwciency of repertaxin treatment on tamor growth {Ginestier ot al. Cell Stera Cell §:555-
367., heremn incorporated by reference in its entirety), Cells from these mumors were
transplanted orthotopically in the humanized cleared fat-pad of NODV/SCID mice, without
cultivation in vitro. Fat pads were prepared as described previously (Ginestier et al. Cell
Stern Cell [:5533-567., hevein mcorporated by reference w its entirety). 50,000 colls from
each Xenotransplants were injected in the humanized fat pad of NOD/SCID mice and
momtored the tomor growth, When the tumor size was approximately 4mm, treatment
with vepertaxin alone (s.c., 5mg/Kg, twice a day, during 28 days), docetaxel alone (.p.,
10mg/Kg, once a week, during 4 wecks), fo combination {repertaxin/docetaxel), or a
control group jujected with sadine (p., once a week and s.¢. twice a day, during 28 days)
was intiiated. The animals were euthanized when the tumors were approximately 1.5 om
in the largest diameter, to avoid tumor neeresis and in compiance with regulations for
use of vertebrate animal in research. A portion of cach fat pad injected was fixned in
formalin and embedded in paraffin for hisiological analvsis. The rest of the tumor cells

were re-implantated inte secondary NOD/SCID mice. Serial dilutions of cells were
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atitized for the re-tuvplantation with injection of 10.000, 1,000, and 100 cells for cach

treated tumnor.

Anchorage-independeny culture, BCLs treated, in adherent conditions, with repestaxin

{100nM), anti-CXCRI antibody (10pg/mi), or anti-CXCR2 {1 0ung/ml) were dissociated

”

and plated as single cells in ultra-low attachment plates (Cormning

(>0

Acton, MA) 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 8
catirety). Subsequent cultures after dissociation of primary tumorospheres were plated on
uitra-tow aftachment plates at a density of 5,000 viable cells/ml. The capacity of cells to
form tumorspheres was quantified after the first (primary tumorospheres) and second

{secondary tomeorospheres} passage.

RNA extrection and gRT-PCR. After STUM1 59 cells were treated, total RNA was isplated
using RNeasy Mini Kit {QIAGEN) and utilized for real-time guantitative RT-PCR (qRT-
PCR) assays in a ABI PRISM® 7900HT seguence detection system, Primers and probes
for the Tagman system were selected from the Applied Biosystems website (www dot
appliedbiosysters dot com) (FAS-Ligand assay 1D: Hs 00899442 mi; 118 assay ID:
Hs 00174103 mi, TBP assay 1Dn Hs 00427620 mi). The relative exprossion mRNA
level of FAS-Ligand and L8 was compuned with respeet to the internal standard TBP
gene to normalize for variations in the guality of RNA and the amount of juput cDNA, as
described previously {Ginestier ef al. Clin. Cancer Res. 12:4533-4544., herein

meorporated by reference in its entivety ).

Flow cyiometry analysis. CDA4/CD24/Lin staining was performed (Gmestier et al. Cell
Stem Cell 1:555-567., berein incorporated by veference in its entivety). CD9S/FAS
staining were performed utilizing an anti-CD935 labeled APC {1:20, BD biosciences). For
CXCR1 and CXCR2 staining, primary antibodies anti-CXCR1 (1:100, Clone 42705,
R&TD systems) and anti-CXCR2 (1:100, clone 48311, R&D systems) were followed by a
staining with a secondary antibody anti-mouse labeled with PE (dilution 1:250, Jackson

Labs). Fresh cells were stained with 1ug/ml PI (Sigma) for 5 min for viability.
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Virus infection. Two different lentiviral constructs were prodaced for the expressiop of
Luciferase gene (Lenti-LUC-VEVG) (Charafe-Jauffret et al. Cancer Res, §9:1302-1313,
herein incorporated by reference in its entivety) and for the inhibition PTEN expression
{Lenti-PTEN-SIRNA-DsRed) (Korkava et al. PLoS Biolog. 7:21000121., herein
incorporated by reference in its entirety}, respectively. Al lentiviral constructs were
prepared by the University of Michigan Vector. An adenoviral coustruct for the
overexpression of FAK (A4G-FAK-GFP) was also utilized (Luo et al. Cancer Res. §9:466-
474., herein incorporated by reference in its entirety}. Cells infection with different
vectors was performed as previously deseribed (Charafe~-Jauftret et al. Cancer Res.
69:13(2-1313., herein incorporated by reference in its entirety). Efficiency of infection

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

{mracardiae inoculation. Six weeks-old NOD/SCID mice were anesthetized with 2%
iseffuoranc/air mixtare and injected in the heart foft ventricle with 230,000 cells in 100
uL of sterile Dulbecco's PBS lacking Ca2+ and Mg2+. For each of the three cell lines
(HCC1954, MDA-MB-433, and SUM 159} and for each troaument (saline or ropertaxin)
six animals were mjected. Twelve hours afier intracardiac injections, mice were begun on

twice per day repertaxin injections or saline for the controls,

Bioluminescence defection. Baseline biohuminescence was assessed bofore mocnlation
and each week thereafter inoculations. Bioluminescence detection procedures was

performed as previcusly described (Charafe-Jauffret of al, Cancer Res, 69:1302-1313.,
hereiw incorporated by reference in its entivety). Notmalized photon flux represents the
ratio of the photon fluk deteoted each weck aficr inooulations and the photon fhux

detected before inoculation,

CXCRI expression subdivides cancer stem cell pomdations. Tdentifying cell signaling

} v O =
pathways that regulate cancer stem cells (CSC) provides potential therapeutic targets in 2
cell population. A breast C8C signature based on gene expression profiling that contained

several genes potentially involved in breast CS5C regulatory pathways has been identified
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{Charafe-Jauffret et al. Cancer Res. 69:1302-1313., bereiun incorporated by reference in
its entirety). Among the genes overexpressed in the breast CSC population, CXCRY a
receptor that binds the protnflammatory chemokine -8 CXCLS appeared to be a
prowising candidate since recombinant [L-8 stimulated the seif-renewal of breast CSC
{Charafe-Jauffret ef al. Cancer Bes. 69013021313, herein incorporated by reference in
its entirety). Utilizing flow cytometry, CXCRI protein expression was measured in the
breast C8C population as assessed by the ALDELFUOR assay in the human breast
cancer cell lines HCC1954, MDA-MB-453, and SUM159, Cells with functional stem cell
properties in NOD/SCID mouse xenographs were contained within the ALDEFLUOR-
positive cell population { Charafe-Janffret et al. Cancer Res. 69:1302-1313., herein
incorporated by reference n its entirety). The CXCRI-positive population, which
represeints less than 2% of the total population, was almost exchusively contained within

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

TABLE 4.

ALDEFLUOR CXORt Uveriap TRORVALDEFLIOR

% {%at 954
Breast cancer cel lines
HCT 1854 342 138 0.5
MDA-MB-453 4232 o) 4.5
SUNMTES 524 £.53 {48
Heaman breast cancer
Kenografts
MG 12.3 1.8t 1.32
LIRAE &4 123 ¢.E8
L1883 & 0.84 4.78

CXCR2 expression was also assessed. CXCR2 s a receptor that can alse bind IL-
&/CXLE although with reduced affinity compared to CXCRI. Incontrast 1o CXCR -
positive cells, CXCR2-positive cells were equally distributed between the

ALDEFLUOR-positive and ALDEFLUOR-uvegarive populations (SEE FIG 124). To
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determine the hierarchical organization of the cancer stevn cell population according to
CXCR1 expression, ALDEFLUOGR-positive/CXCR I-positive and ALDEFLUOR-
positive/CXCR T-negative cell populations were sorted and injected i NOD/SCIHD mice
(SEE FIG. 13). Both cell populations generated tumors. Twmor growth kinetics
correlated with the latency and size of mmor formation and the pumber of celis injected.
Tumors generated by the ALDEFLUOR-positive/CXCR -positive population
reconstituied the phenotypic heterogeneity of the mitial tumor upon serial passages
whereas the ALDEFLUOR-positive/CXCR 1-negative population gave rise to tamors
containing only ALDEFLUOR-positive/CXCR1-negative celis. These results suggest that
ST cellular hierarchy is organized according to CXCR1 expression, however both cell

populations displayed similar tumorigenic capacity.

CXCRI blockade decreuses the breast cancer stem celf population in vitro, Three
different cell lines were treated with with repertaxin (100nM), a CXCR1/2 inhibitor, to
evahuate the effcet of CXCRI blockade on the breast CSC population {Bertini et al. Proc.
Natl. Acad, Sci. U. 8 A 101:11791-11796., herein incorporated by reference in its
entirety). For SUMI5Y9, after three days of treatment a five-fold reduction in the
proportion of ALDEFLUOR positive cells was observed (SEE FIG. 12B). A similar
effect was observed afier treatment of SUMI 59 colls with an anu-CXCRI1 blocking
antibody. In contrast. no effect was observed after treatment with an anti-CXCR2
blocking antibody, suggesting that the ¢ffccts of repertakin on the ALDEFLUOR-positive
poputation were mediated by CXCRI.

Data from breast upmnors, as well as cell lines, domonstrate that cancer stem-hke
cells or cancer-initiating cells can also be isolated and propagated as “tumorspheres™ in
suspension culture (Ponti ot al. Cancer Res, 85:5506-5511., berein incorporated by
reference in its entirety). After three days of treatment with vepertaxin or with the anti-
CXCR1 blocking antibody, when cells were detached and cuitured in suspension, an §-
fold decrease in primary and secondary tumorsphere formation was observed compared
to controls. In contrast, ant-CXCR2 blocking antibody had no effect on ttrnorsphere

formation (SEE FIG. 14}
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Surprisingly, after five days of treatment with repertasin we observed a massive
decrease in viability of the entire cell poprsation as assessed by MTT assay, with only 3%
of cells remaining viable (SEE FIG, 12}, Similar results were observed with the anti-
CXCR] blocking mztibﬁady‘ but not the anti-CXCR2Z blocking antibody, thus indicating
that this effect was dependent on CXCR1 blockade. This effuct of repertaxin was delayed
with loss of cell viability beginning three days after treatment (SEE FIG. 15A)
Repertaxin treatinent induced a similar effect ou the HCC 1954 breast cancer cell line
whereas no effect was observed on MDA-MB-433 cells which harbor a PTEN mutation
(Hollesteile et al. Cancer Res. 5:193-201., herein incorporated by reference in its entirety)
(SEE FIG. 14, 15B-C, and 16},

Utilizing a TUNEL assay, SUM1 59 cells were stained after 4 davs of treatment
with repertaxin and a massive decrease in cell viability, due to induction of apoptosis
with 36% apoptotic cells detected aftor repertaxin treatment, was observed (SEE FIG,
12D). Results suggest that CXCRI blockade results in a decrease of the breast CSC
population followed E}}f induction of massive apoptosis in the remaining bulk twmor

population.

CXCRI blockade induces cell death in CXCR I-negative cells via a bysiander cffect. The
ghservation that repertaxin or anti-CHCR1 blocking antibody mduced massive cell death
despite the fact that the CXCR 1 -positive population represented less than 2% of the toal
cell population suggested that CXCRT blockade in CXCR I-positive cells induced
CXCR negative cell death via a bystander effect. The sorted CXCR 1-postiive and
CXCRI-negative populations were treated with repertaxin (SEE FIG. 12E). Repertaxin
decreased cell viability in the CXCR 1-positive population within three days whereas no
¢ffect was observed m the CXCR -uegative population. Reperiaxin mduced massive oell
death in unseparated cells. The effect of repertaxiv on cell viability of the unseparated
and CXCRI-positive populations was dose-dependent (SEE FIG. 12E}. The resolts are
consistent with repertaxin treatment targeting the CXCR {-positive population that in turn
induces CXCRI-negative cell death via a bystander effect.

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

repertaxin, conditioned medium was coilected from the CXCR1-positive population after
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thres days of repertazin treatment and diatyzed this medium vtilizing a membrane wih
3.3 KDa exclusion in order to remove repertaxin from the medium while retaining
molecules farger than 3.5 KDa. The dialyzed conditioned medivm induced a massive
decrease in cell viability in both CXCRI-negative and unseparated populations but not in
the CXCRI-positive population (SEE FIG. 12F). These results demoustrate that CXCR1
blockade in the CXCR 1 -positive population indoces cell death in the CXCR1-negative
population via a soluble non dialyzable factor. Although the CXCR1-pesitive population

is sensitive to repertaxin it is resistant to the dialyzable death factor.

The bystander effect induced by CXCRI blockade is mediated by FAN-ligand/FAS
signaling. FAS-Hgand/FAS interaction is activated in different physiologic states such as
mammary gland invelution or i conditions of tissue injury including that induced by
chemotherapy (Chhipa et al. § Cell Biochem. 101:68-79., Song et al. | Clin. Invest
106:1209-1220., herein incorporated by reference in their entireties). The level of soluble

s

FAS-ligand in the medium of SUM 139 celis treated with repertaxin using an ELISA
Assay to evaluate the role of FAS-ligand/FAS interaction in mediating the apopiotic
bystander effect indnced by CXCRY blockade. More than a five-fold increase of soluble
FAS-ligand in the medium of cells treated for four dayvs with repertaxin compared to non-
treated cells was observed (SEE FIG, 17A). The wanscriptional regulation of FAS-Hgand
by repertaxin treatment by measuring FAS-ligand mRNA level was confirmed by RT-
PCR (SEE FIG. 17B). A 4-fold jucrease of the FAS-ligand wmaRNA lovel in the repertaxin
treated cells was observed compared to non-ireated cells. Similar reaults were observed
after treatment with 2 FAS agonist that activates FAS signaling, mdicating that FAS-
ligand is a target of FAS signaling generating a positive feed-back loop, 100% of the
SUM159 cells expressed FAS protein as deterymined by flow cytometry, Treatroont of the
SUM 159 cells with the FAS agonist reproduced the killing effect observed with the
reperfaxin freatment with massive reducton in cell viability (SEE FIG. 17C). The effect
of repertaxin treatment on cell viability was partially veversed by an anti-FAS-Ligand
blocking antibody, with 44% of colls remaining viable afier treatmoent with repertagin and

anti-FAS-ligand antibody compared to only 3% with repertaxin alone (SEE FIG. 17C).
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Resulis snggest that the massive coll death induced by repertaxin is due to a bystander
effect mediated by the FAS-Ligand/FAS pathway.

Treatment of 3UMI59 cells with the FAS agonist resulted in a ten-fold and three-
fold increase in the percent of CXCRI-positive and ALDEFLUOR-positive cells,
respectively (SEE FIG. 170/E and 1&8). The effects of repertaxin on both populations
were not rescued by anti-FAS-ligand (SEE FIG, 17IVE), suggesting that the
ALDEFLUOR-~positive population that contains the CXCR I -positive population, while
directly sensitive to CXCR I blockade which in turn induces FAS-ligand production by
these cells is resistant to FAS-ligand/FAS pro-apoptotic signaling. In contrast, the
ALDEFLUOR-negative bulk cell population does not express CXCR1 but is sensitive to
FAS-ligand mediated cell death.

FAS-ligand/FAS signaling plays an important role during mammary gland
involntion (Song et al. J Clin. Invest 106:1209-1220.. herein incorporated by reference in
tis entirety). The effect of CXCRI blockade on human novmal mammary epithelial cells
obtained from roduction mammoplastics was cxamined. As observed in breast cancer cell
lines, CXCRI-positive normal mammary cells were almost exclusively contained within
the ALDEFLUOR-positive population (SEE FIG. 19A). To determine whether 1.-8
signaling is important in normal breast ster/progenitor function, normal mammary
epithelial colls culfured in suspension were treated with human recombinant [L-8 and
determined its effect on the CSC population as measured by the formation of
manunospheres (Dontu et al, Genes Dev, 17:1253-1270,, hereln jncorporated by
reference i tis entirety). Addition of IL-8 increased the formation of primary and
sceondary mammospheres in a dose~-dependent manner (SEE FIB. 19B), suggesting that
the IL-8/CXCRY axis may be involved in the regolation of normal raammary
stem/progenitor cells probiferation ot self-renewal. Treatment with voperiaxio or the FAS
agonist bad no effect on the viability of normal mammary epitbelial cells cuitured in
adherent conditions, even when high concentrations of repertaxin (500nM) were utilized
(SEE FIG. 16A]. However, as observed for breast cancer cell Hines, an increase of soluble
FAS-ligand was detocted in the medium of normal mammary epithelial cells treated with
repertaxin (SEE FIG. 208). This observation may be explained by the absence of FAS

expression in the normal epithelial cells culfured under these conditions (SEE FIG. 20C).
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This 1s consistent with studies that demonstrate that expression of FAS fo the mawmmary
gland oceurs only during the involution process following lactation (Song et al. J Clin.
Invest 106:1209-1220., herein incorporated by reference jn its entivety). In contrast 1o its
lack of effect on the bulk popudation of normal mammary epithelial cells, repertaxin
significantly decreased mammosphere formation by these cells (SEE FIG. 20C).

These results suggest that the [L-&CXCR1 axis plays an buportant role in the
regiation and the survival of normal and malignant mamumary epithelial stem/progenitor
cell popuiations. The ability to affect bulk cell populations via a FAS-ligand mediated

bystander effect may relate 1o the level of FAS expression in these celis.

CXCRE blockade effects on cancer stem cells are medicted by the FAK/AKT/FOX034
pathway, CXCRI acts through a signal transduction pathway involving the
phosphorviation of the focal adhesion kinase {(FAK) rosulting in activation of AKT
(Waugh et al. Clin. Cancer Res. {4:6735-6741,, berein incorporated by reference in its
entirety). To cvaluate the impact of CXCRI blockade on the FAK and AKT activation
the level of FAK and AKT phosphorvlated proteing was measured by western blot for the
three different ool nes, For SUM 159 and HCC1954, we detected a decrease in FAK
Tyr™ and AKT Ser™” phosphorviation in cells weated with repertaxin compared o
unireated cclls suggesting that repertaxin effocts may be mediated by the FAK/AKT
pathway (SEE FIGS. 21A and 22). The observation that MDA-MBA453 is resistant to
reperiaxin freatrnont may be explained by the presence of 8 PTEN manation (918G>4A)
that activates the PISK/ART pathway (Hollestelle et al. Mol Cancer Res. 51195201,
herein incorporated by reference in its entirety). No modification in FAK Tyr™ and AKT
Ser®™ phosphorviation was detected after repertaxin freatioent in MDAMB433 cell fine
(SEE FIZ. 22} To coufom a functional role of the FAK/AKT pathway m wediating the
effects of the CXCR1 blockade, two viral constructs were nsed . oue knocking down
PTEN expression via a PTEN shRNA and the other leading 1o FAK overexpression.
PTEN, through its lipid phosphatase antagonizes PI3-K/AKT signaling (Vivanco et al,
Nat. Rev. Cancer 2:489-501., herein incorporated by reference in s entirety). PTEN
knockdown resulted in AKT activation as demonstrated by an increase of AKT Ser®™

phosphoryiation (SEE FIGS. Z1A 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 FAX and AKX T, measured by increased

expression of FAK Tyr™ and AKT Ser'” phosphorviation. These results indicate that
SXCR1 blockade effects are mediated by FAK/AKT signaling,

Utilizing tnmmunoflusrescence staimng on CXCR -positve cells confirmed that
repertaxin treatment resulis in a dramatic decrease of phospho-FAK and phospho-AKT
expression compared to untreated cells (SEE FIG. 21B). AKT regulates the activity of the
forkhead transcription factor FOXO3A via a phosphorvlation event resulting in
eytoplasmic FOXO3A sequestration (Brunet et al. Mol. Cell Biol 21:952-965., herein
incorporated by reference in its entirety). In contrast, the non-phosphorviated form of
FOXO23A transits 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
reforence in s ontircty. Repertaxin induces cell death via a FAS-ligand mediated
bystander effect; the effects of repertaxin on this signal transduction pathway were
examined by immunofluorescence staining, FOXO3A was present in a cyioplasmic
localization in untreated cells but shuttled 1o the nuclcus upon repertaxin treatment (SEE
FI1G. 218}, This indicates that CXCRI Blockade induces FOXO3A 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
immunofluorescence, in both repertaxin-treated and untreated cells. Repertarin treatment
did not induce FOXO3A activation i cells with PTEN deletion or FAK overexpression,
as shown by the cytoplasmic location of FOXO3A (SEE FIG. 215).

As a conscguence 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 overgypression did not display any decrease 1o cell
vigbility with repertaxin treatment. Tt has been proposed that AKT signaling plays a
critical role in the biology of CSC (SEE FIGS. 218 and 22) {(Dubrovska et al. Proc. Natl,
Acad, Sel. UL 8 A 106:268-273., Korkaya et al. PLoS Biolog. 7:¢1000121,, Yilimaz et al,

Nature 44 1:473-482 | herein incorporated by reference in their entireties). Activation of

the FAK/AKT pathway blocked the repertaxin effects on the CSC pepulations, as shown

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

cells mediated by CSC-generated FAS-Higand.

Reperifaxin treqimen reduces the breast cancer stem cell population in vive. Recer
evidence suggests that breast CSC are relatively resistant o chemotherapy and radiation
and may contribute o tumor regrowth following therapy (Phillips et al. J Natl. Cancer
Inst, 98:1777-1785., Yuetal, Cell 131:1100-1123,, Liet al. § Natl. Cancer Inst. 10(:672-
679., herein incorporated by reference in their entireties). The CSC concept suggests tha
significant improvements in clinical cutcome will require effective fargeting of the CSC
population (Reya et al. Nature 414:105-111., herein incorporated by reference in its
entirety). Several factors are synthesized and secreted during the apoptotic process when
the bulk tumor cells are wargeted by chemotherapy. Among these factors, FAS-ligand
amplifics chemotherapy cffects by mediating 2 bystander killing effect {Chhipa et al. §
Cell Biochen 101:68-79. herein incorporated by reference n its entivety).Chemotherapy
may also induce 1L-8 production in imjured cells. The commonly vtilized
chemotherapeutic agent, docetaxel, induced both IL-8 and FAS-ligand mRINA in
SUMISS colis (SEE FIG, 10a/B). We also detected 2 4-fold increase of {L-8 mRNA fevel
after FAS agonist treatment (SEE FIG. {0B), We have shown that TL-8 is able fo regulate
the CRC population. This mdicates that the addition of reperiaxin to eviotoxic
chemotherapy may block this effect and target the cancer stem cell population.

he SUMI39 cell line and three primary human breast eancer xenografis
generated from three different patients (MCH, UM2, UM3) were used o explore the
cfficiency of repertaxin treatment on tumor growth, Cells from these tumors were
transplanted orthotopically into the humanized cleared fat-pad of NOD/SCID wice,
without cullivation jz vigro, For each of these xenciransplants the CSC population was
exclusively confained within the ALDEFLUGR-positive population (Ginestier et al. Cell
Stem Cell 1:553-567., Charafe-Jauffret et al. Cancer Res. 69:1302-1313,, herein

incorporated by reference in their entiveties). In each of the tumors, the CXCRI-positive
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oputation was almost exchusively contained within this ALDEFLUOR-positive
i S

population (SEE Table 5 and the PTEN/FAK/AKT pathway is activated (SEE FIG. 28).

Table 8
SMOEFLUOR CHCRY Dheartag CXOR VALDEFLUOR

%) (%)} R
Breast cancer cef fines
HOL 1954 242 172 .84
FMDAMB-483 4232 43 48
Sse 524 G52 (.48
Human breast cancer
yenngrefts
MO 123 .81 1.33
U2 84 1.23 .58
L3 Qv &g {78

50,000 cells from each xenotransplant were injected inio the bumanized fat pad of
ROD/SCID ruice and wonitored tusor growth. When the tumor size was approximately
Amim, treatment was indtiated with repettasin alone (15mg/Kg, twice a day, during 28
days}, docetaxel alone (10mg/Kg, once 2 week, during 4 weeks), or a combination of
both drugs. Tumor growth was compared (o saline injected controls. For each
xenotransplant, a significant mhibiton of tumeor growth induced by docetaxel treatment
or the combination repertaxin/docetaxel was observed (SEE FIGS 26A and 27).
Repertaxin treatment alone had a moderate impact on tmor growth, After four weeks of
treatment, animals were sacrificed and the residual tamors were anatyzed utilizing the
ALDEFLUOR agsay. Residual tumors treated with docetaxe! alone contained either an
unchanged or increased percent of ALDELFUOR-positive cells compared to untreated
controls (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 results were confirmed by immunobistochemistry of
ALDHI expression in the ditfferent xenotransplants. A decrease in ALDHI -positive cells
was detected in repertaxin-treated tumors compared o untreated tumors, whereas the
percent of ALDII-positive cells was unchanged or increased in tumors treated with
docetaxel alone (SEE FIGS 26D).

The presence of CD447/CD24 cells in these tumors was evaluated. Markers have
previousty boen shown 1o be expressed in breast cancer stem colls {Al Haji et al. Proe.
Matl, Acad. Sel U, 5 A 100:3983-3988., herein incorporated by refereuce in its entirety).
The overlap between the CD447/CD24 phenotype and CXCRY expression was measured,

CXCR-positive cells were present in the CD44+/CD24- ocll population and the cell

population expressing CD24 or CD44-negative (SEE Talde 6),

Table &
COIGIC08 SRCRA Crerizp CR24ACDASHONCR
£9%0F {%} %
Human brenst cancer
senngrafis
H 5.8 ig HA
U2 37 1.2 9.3
AN 18 OH 3.2

In residual tumors treated with docetaxel alone, either an onchanged or increased percent
of CD447/CD24" cells was observed, whereas repertaxin treatment alone or in
combination with docetaxel resulted in a reduction of the CE447/CD24™ cell population
(SEE FIG 28).

A functional ix vive assay consisting of re-implantation of cells from wreated
tumors mto secondary NOD/SCID mice provided a direct test assessing the tumor-
initiating and self-renewal capacity of CSC remaming afier treatment. Tumor cells
derived from control or docctaxel-treated animals showoed similar tumor regrowth at all
dilutions in secondary NOD/SCID mice. In contrast, repertayin treatment with or without

docetaxel, reduced tumor growth in secondary recipicmis (SEER FIG. 26C). When equal
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numibers of cells were injected, those from repertagin-treated animals showed a 2-5-fold
reduction n tumor growth compared to cells frow control or docetaxel-treated animals
{SEE FIG. 26C). For cach xenotzansplant model, 1000 or 100 tumor cells obtained from
animals freated with a combination of repertaxin and docetaxel failed to form any
secondary tamors in NOD/SCID mice (SEE FIG. 26C, 27, and Table 7). These studies
demonstrate that repertaxin treatment specifically targets and reduces the C5C

population,

Table 7

Tumorsfnjections

number of colis injected

B raag zsco 1506 =00 25g 190

bR
Control A 2 548 - 69
Repsrtaxin id 22 202 4 3 G2 1]
Docetaxs! 2 44 30 &8 34 2% 2
RepartaxiniDocetaxst 3z g 282 148 14 (U Rz

Repertaxin treatmemt inhibits FAK/AKT sienaling and octivates FOXO3A in vive. The
expression of phospho-FAK and phospho-AKT was examined by immunohistochemistry
in cach of the xenotransplants after treatment. Membranous phospho-FAK expression
was detecied in 50% of cells from the control and docetaxel-reated tumors whereas the
phospho-FAK expression was abolished in the tumors treated with repertaxin alone or m
combination with docetaxel (SEE FIG. 26D). Similar results were observed for the
phospho-AKT expression, with 70% of cells expressing phospho-AKT in the untreated
tumors, 20% phospho-AK T-positive cells in docetaxel-treated tumots and a complete
imhibition of phospho-ART expression in the funiors breated with repertaxin alene ot in
combination with docetaxel {SEE FIG, 26D, Muclear FOXO3A was detected in the cells

from the wmots treated with docetaxel alone, repertaxin alone, and the combination
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repertaxin/doceiaxel. These in vive data are consistent with the in vitro data and confirm

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

Repertaxin treatmern reduces the develppment of systemic metastasis. To determine
whether repertaxin reduces systevpic metastagis we infected HCC1954, MDA-MB-453,
and SUMI 59 breast cancer cell lines with a luciferase lentivirus reporter system and
itroduced the cells into NOD/SCID mice by infracardiac injection, A suspension of
256,000 cells for each cell line was injected and metastasis formation was monitore
anee per week by bioluminescent imaging. Twelve hours after intracardiac injection,
mice were freated twice per day by repertaxin injection or saline for the controls.
Repertaxin treatment in mice injected with HCC1954 and SUMI59 cells significantly
reduced metastasis formation with a lower photon flux emission in the treated compared
to the untreated mice (SEE FIG, 29A/8). Histologic sections confizmed the presence of
metastases at severai sites in untreated andmals (SEE FIG. 2913, Repertaxin treatment
did not have any cffect on metastasis formation in mice injected with MDA-MB-453
cells (SEE FIG. 29C). The photon flux emission and the nomber of animals that
developed metastasis were sinular in both repertaxin-treated and untreated group. This
result is consistent with data that described MDA-MB-453 as a ccll line resisiant to
repertaxm due to the presence of a PTEN mutstion. These rosults mdicate that CXCRI
blockade with agents such as repertaxin may be able to reduce metastasis which is
mediated by the CSC population (Charafe-Jauffret of al. Cancer Res, 69:1302-1313,,

herein incorporated by reference in its entivety).

Experivnents conducted during development of emabodiments of the present
mvention indicate that cellular subcomponents with stew cell properties drive nunor
growth and metastasis Visvader ef al. Nat. Rev, Cancer 8:755-768., herein incorporated
by reference in ifs entirety), By virtue of their relative resistance o corrent therapeutic
modalities, these cells may contribute to treatment resistance and relapse (Reva et al,
Nature 414:105-111., herein incorporated by reference in its entivety). The present
mnvention provides an approach based on blocking the CXCRI cytokine receptor, which

is expressed on breast cancer stem cells, to effectively target the cancer stem cell
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population and to improve therapentic outcome. Experiroents conducted during
development of embodiments of the present invention in a number of systems have
demonstrated that cytokine networks play an important role in tumorigenesis, There is
evidence that several of these cytokines may regulate stem cell behavior. IL-4 {s capable
of regulating selfrenewal of pancreatic cancer stermn cells and 1L-6 of regulating cancer
stem cells in colon and breast cancer {Todaro et al. Cell Stem Cell 1:389-402., Sansone et
al. J Clin, Invest 117:3988~4002., herein incorporated by veference i their entivetics).
The role of IL-8 in mediating tumor invasion and metastasis has previously been
demonstrated {Wangh & Wilson. Cancer Res. 14:6735-6741., Inoune et al. Clin. Cancer
Res. 6:2104-2119,, herein incorporated by reference in their entiretics). In addition, IL-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 ehemokine receptor CXCR1 {Levina
et al. PLoS. ONE. 3:e3077,, herein incorporated by reference in its entirety). Experiments
conducted during development of embodiments 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 recepior is overexpressed in
ALDEFLUOR-positive breast cancer cell populations (Charafe-Jauffret of al. Cancer Res.,
69:1302-1313., herein meorporated by reference in its entirety). In breast cancers, IL-8 is
produced in the tunor microenvivonment by a number of ccll types mcluding
nflanumatory cells, vascular endothelial cells, tumor-associated fibroblasts and
mesenchymal stem cells {Waugh ¢i al. Clin, Cancer Res. 14:6735-6741. herein
meorporated by reference in iis entirety). Cytokine networks mediate interaction befween
these cell types, therefore cancer stem cells can be targeted through the biockade of the
118 receptor CHCREL

Utilizing i vitro assays, it was demonstrated that CXCRT but not CXCRI {an
alternative 1L-& receptor) blockade reduced the breast cancer stem cell population. This
was followed by induction of apoptosis in the entire remaining cell population, which
facks CXCRI expression. In addition to CXCRI1 blocking antibodies, experiments

performed during development of embodiments demonstrate that repertaxin, a CXCR1/2
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inhibitor, indeced stmular effects by targeting the CXCR I-positive population. In contrast
o its direct effects on the CXCR J-expressing cancer stem cell population, repertaxin had
no direct effect ou the budk tumor cell population that lack CXCRI expression, This
indicates that CXCR1 biockade in CXCR1-positive cells induced cell death in CXCRI-
pegative cells via a bystander effect. Experiments described herein demonstrate that the
FAS-ligand/FAS pathway is the mediator of this bystander killing effect. This
phenomenon explaing the officacy of repertaxin treatment in nducing massive apoptosis
in the entive cell population despite the fact that the CXCR 1-positive population
represents tess than 1% of the cell population. The role of FAS-ligand was demonstrated
by the effective blocking of byvstander killing by anti-FAS-ligand antibody.

Experiments conducted during development of embodiments of the present
invention indicate that similar oytokine interactions may occur in tumors exposed to
cytotoxic chemotherapy, Chemotherapy may divectly induce celluiar apoptosis in
differentiated tumor cells as well as indueing the production of FAS-ligand by these
dying cells that in turn induccs apoptosis in sarrounding tumor cells via a FAS mediated
bystander effect. Concomitant with the production of FAS-ligand, these injured cells also
secrete increased lovels of 1.-8 in a process resombling mammary mvelution or wound
healing. As is the case in the involuting mammary gland, this 1L-§ may stimulate breast
cancer stem cells as well as protecting them fromm apoptosis. This may contribute to the
relative ingrease in cancer stem cells observed after chemotherapy in preclinical models
{4} and neo~adiuvant chinical trials (8). The offects of chewotherapy on apoptosis and
selfrenewal pathways in tumors ave shown in Figure 30,

]

To determine whether CXCRI blockade could target breast cancer siem oclls in
vive, the effects of the cytotoxic agent docetaxel were compared with repertaxin on the
cancer stern coll compartment and on fumor growth n NODY/SCID miece. Docetaxel 1s one
of the most effective chemotherapeutic agents carrenily nsed 10 e women with breast
cancer. The cancer siem cell populations were assessed by the ALDEFLUOR assay and
by serial ransplantation in NOIVSCID mice. Utilizing these assays i was determnined
that chemotherapy treatment alone resutied in cither no change or a relative increase in
the cancer stem celf populations. In contrast, repertaxin reatment alone or with

chemotherapy significantly reduced the cancer stem cell population. Despite the
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significant reduction in the tummor-initiating populations, use of reperiaxin alone did not
result in significant tumor shrinkage. The combination of repertaxin plus chemotherapy
resulted in significant reduction in tumor size as well as in the cancer stem cell
population. Combining these agents 10 target both cancer stem cells and bulk tumor cell
populations maximizes the efficacy of these treatments,

To elucidate the mechamsw of action of repertaxin, the pathways downstream
from CXCR1 were analyzed. The interaction between CX{CR1, 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 selfarencwal
through phosphoryiation of GSK3 resulting in the activation of the WNT pathway
(Korkaya ¢t al. PLoS Biclog. 7:e1000121, hercin incorporated by reference in its
entirety). Thesce results indicate why cclis with PTEN knockdown arc resistant to
reperfaxin. An additional function of AKT is the regnlation of cell survival throngh
phosphorylation of the forkhead transcription factor FOXO3A. AKT phosphorylation of
FOXO3A results in its cytoplasmic sequestration. In contrast, it was demonsirated that
CXCRI blockade leads to decreased AKT activation resulting in the translocation of
FOXO3A in the nuclens whence it induces a number of genes including FAS-ligand
{Yonssom et al. Nat. Med. 11:666-671., herein incorporated by reference in its entircty).
FAS-Higand induced via CXCR | blockade i turn is responsible for the observed
bystander killing effects (SEE FIG. 30).

Tn addition to its rele in CXCR 1 signaling, FAK mediates the pueractions of cells
with extraceiiular matrix components throogh integrin receptors (Waugh et al. Clin.
Cancer Res, 14:6735-6741 ., herein incorporated by reference in s entirety). FAK
signaling plays a role in reguiating the self-renewal of normal and maligoant mouse
mammary stem cells i fransgenic models (Luo et sl Cancer Res. 69:466-474., hevein
incorporated by reference in its entirely). FAK activation also promotes oell survival by
blocking FADD and RiP-mediated apopiosis (Kurenova et al. Mol. Cell Biol. 24:4361-
4371, XKu et al. J Biol, Chem, 275:30597-30604., herein incorporated by reference in
their entireties). This provides an explaination for the resistance of the cancer stem call

population to the FAS/FAS-ligand induced apoptosis.
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it has been demonstrated that breast cancer stem cells play an tuportant role in

tinor invasion aud metastasis {Croker et al. J Cell Mol. Med. 2008, Charafe-Jauffret et
al. Cancer Res. 69:1302-1313,, herein incorporated by reference in their entireties), It is
shown herein that 11.-8 and CXCR1 also play important roles in these processes. The

5 effects of CXCRI blockade was analyzed utilizing repertaxin on the formation of
experimental meiastasis. It was demonstrated that CXCR1I blockade reduces the
development of metastasis when administered subsequent to intracardiac injection of
breast cancer cells.

Clinical studies utilizing repertaxin have demonstrated a lack of toxicity.

s
[

Strategies aimed at interfering with cytokine regulatory loops such as IL-8 and CXCRI

represent methods to target breast cancer stem cells.
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All publications and patents mentioned in the above specification are herein
incorporated by reference. Varioas modifications and variations of the described method
and system of the invention will be apparent to those skilled in the art without departing
from the scope and spirit of the invention. Although the invention has been described in
conmection with speeific preforred embodivnents, it should be tmderstood that the
mvention as claimed should not be unduly limited to such specific smbodiments, Indeed,
various modifications of the described modes for carrymg oui the invention that are
obvious to those skifled in the relevant fields are intended o be within the scope of the

present lnvention.
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CLAIMS
We claim:

1. A method for diagnosing the presence of a solid tumor stem cell in a human subject comprising:
detecting expression of CXCRI+ in a tissue sample taken from a tumor of said subject, wherein the

presence of CXCR1+ cells is indicative of the presence of tumor stem cells in said tumor.

2. The method of Claim 1, wherein said detecting step comprises contacting said tissue sample with

an antibody or antibody fragment.
3. The method of Claim 2, wherein said antibody or antibody fragment comprises a signal molecule.

4. The method of Claim 3 , wherein said signal molecule comprises a fluorescent molecule or an

enzyme that can catalyze a color producing reaction in the presence of a colorimctric substrate.

5. The method of Claim 1, wherein said 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.

6. The method of claim 1, wherein said detecting step comprises contacting said tissue sample with

Repertaxin.

7. The method of any one of claims 1 to 6, wherein at least a marker selected from CD44, CD24, ESA,
ALDH, TPRXL, NOTCH2, RBM15, ST3GAL3, NFYA, PCNX, TAS2R14, CD300LB, GIPC3,
RADS51L1, ARIDIB, EPPK1, COL11A2, KLK3, EIF2C2, ZFP41, FAM49B, PSORS1C?2 is also
detected.
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8. Use of a compound in the preparation of a medicament for treating a human subject having a breast

cancer tumor, wherein said compound is a CXCR1 antagonist or an IL8-CXCR1 signaling pathway

antagonist.

9. The use of claim 8, wherein both cancer stem cells and non-tumorigenic cancer cells in a subject

having a breast cancer tumor are reduced by the administration of the CXCR1 antagonist or an IL8-

CXCR1 signalling pathway antagonist.
10. The use of claim 8, wherein said tumor comprises breast cancer stem cells.
11. The use of claim 8, wherein said compound is Repartaxin or a Repartaxin derivative.

12. The use of claim 8, wherein said CXCR1 antagonist or IL8-CXCRI signaling pathway antagonist

comprises an antibody or antibody fragment.
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13. The use of claim 8, wherein said antagonist is a small molecule.

14. The use of claim 8, wherein the compound is Repertaxin, and the medicament is to be

administered in combination with a chemotherapeutic drug.

15. The use of claim 14, wherein the chemotherapeutic agent is an anti-mitotic agent.

16. The use of claim 15, wherein the anti-mitotic agent is selected from the group consisting of:
docetaxel, doxorubicin, paclitaxel, fluorouracil, vincristine, vinblastine, nocodazole, colchicine,

podophyllotoxin, steganacin and combretastatin.

17. The use of claim 16, wherein the anti-mitotic agent is Paclitaxel.

18. The use of claim 8, wherein the compound is Repertaxin, and the medicament is to be

administered in combination with Paclitaxel.

19. The use of claim 18, wherein the tumor comprises breast cancer stem cells.
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ABSTRACT

ANTI-CXCR1 COMPOSITIONS AND METHODS

The present invention provides methods of treating cancer by administering an IL§-CXCRI1
pathway inhibitor (e.g., an anti~CXCR1 antibody or Repertaxin) alone or in combination with an
additional chemotherapeutic agent such that non-turnorigenic and tumorigenic cancer cells in a
subject are killed. The present invention also provides compositions and methods for detecting

the presence of and isolating solid tumor stem cells in a patient {(e.g., based on the presence of

CXCR1 or FBX021).

Figure for publication: None
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