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COMPOSITIONS AND METHODS USEFUL FOR MAKING ORTHOTOPIC
TUMORS WITH CONTROLLABLE METASTASIS

CROSS-REFERENCE TO RELATED APPLICATIONS
1] This application claims priority to U.S. Provisional Application No.
61/668,289, filed on July 5, 2012, now pending, the disclosure of which is incorporated

herein by reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

[2] This disclosure was made with government support under grant no. RO1-
CA098626 awarded by the National Institutes of Health and under grant no. 1106153
awarded by the National Science Foundation. The government has certain rights in the

disclosure.

FIELD OF THE DISCLOSURE
[3] The instant disclosure generally relates to cancer and more particularly to
making and using engineered human cancer cells for formation of orthtopic tumor models

which can metastasize by manipulation of a chemokine axis.

BACKGROUND OF THE DISCLOSURE

[4] Cancer remains a leading cause of death worldwide, with melanoma, ovarian,
breast, prostate and colorectal cancer (CRC) being some of the most widely represented. In
many cancers, metastasis is evidence of an advanced stage of cancer, and therefore a
generally worse prognosis for the patient. As an example, CRC progresses through multiple
distinct stages. Morphologically, inappropriate proliferation and anti-apoptosis cause
formation of adenomas, which evolve into pre-invasive carcinoma in situ. Then, pre-invasive
CRCs acquire the ability to invade through the submucosa and muscularis, metastasize, and
survive outside the colon microenvironment niche. As 5-year survival for early stage CRC is
~90% vs. ~10% for metastatic CRC, understanding the mechanisms that regulate the
transition from indolent (adenomas and carcinoma in siti) to locally invasive early clinical
stage (stage I-11) and metastatic later stage (stage III/IV) CRC, as well as the stages of other
metastatic cancers, is critical to improving patient outcomes. However, currently available
models of cancer, such as subcutaneous xenografts which are widely used for drug screening

and tumorigenicity studies do not recapitulate the tumor microenvironment of patients and
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seldom metastasize, which may partially explain the high rate of failure for clinical trials
based on drugs identified using such models. Further, tail vein injection of cancer cells is
sometimes used instead of xenografts, but this frequently does not result in optimally relevant
tumor modeling. For example, tail vein injected CRC cells largely form lung tumors directly
instead of gastrointestinal tumors, and while injection of CRC cells into spleen or under the
kidney capsule can cause tumor formation in multiple organs, the tumors do not follow the
clinical CRC metastases route. Further, it is feasible to surgically implant tumor cells to
create a surgical orthotopic model, such as by implanting CRC cells into the gastrointestinal
tract, but this requires highly trained technicians, is time-consuming, causes needless waste of
animals who often do not survive the procedure and importantly does not robustly generate
multiple liver metastasis, making such models unsuitable for drug discovery. Further still, all
of these techniques require surgical procedures which create wounds and inflammation which
can cause artifacts that can confound metastasis studies. Finally, while there are a number of
genetically engineered animals that can form orthotopic tumors, these are typically confined
to studying early events in tumorigenesis, are difficult and time consuming to make, and can
have multiple significant genetic and epigenetic distinctions that make their tumors and
metastatic events materially different from the human cancers they are intended to model.
Thus, there is an ongoing need for improved methods, model cells and animals for use in
developing improved treatments and prophylactic approaches for cancer and metastasis. The

present disclosure addresses these and other needs.

BRIEF SUMMARY OF THE DISCLOSURE

[5] In the present disclosure it is demonstrated that the Chemokine 25/Chemokine
Receptor 9 (CCL25/CCRY) axis attracts injected colon cancer cells to home to the GI and
inhibits colon cancer invasion and metastasis. We have harnessed this discovery to provide
compositions and methods that encompass modifying cancer cells so that they can form
orthotopic tumors in a non-human mammals, wherein metastasis of the tumor can be
controlled. The cancer cells are modified so that expression of a chemokine receptor can be
modulated. In particular, modulating expression of the chemokine receptor allows triggering
metastasis from an orthotopic primary tumor. In embodiments, the cancer cells are human
cancer cells. In embodiments, the chemokine receptor is a human chemokine receptor.

[6] In one aspect, the method for making an orthotopic tumor capable of

metastasizing comprises: a) introducing into a non-human mammal a plurality of cancer cells,
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wherein the cancer cells contain an expression vector, wherein the expression vector
comprises an inducible promoter that controls expression of a chemokine receptor. In
embodiments, the chemokine receptor is the CCRY receptor. In embodiments, the chemokine

receptor is the human CCR9Y receptor.

[7] In one approach, the cancer cells are CCR9+ cancer cells and they are
modified to comprise an expression vector having an inducible promoter that can drive
expression of a polynucleotide that can facilitate RNAi-mediated translation inhibition or
degradation of human chemokine CCR9 receptor mRNA. For these cells, the orthotopic
tumor forms after the cells are introduced into the non-human mammal, after which
expression of the polynucleotide, such as an shRNA or an RNA oligonucleotide, is induced.
This suppression of CCR9 expression is followed by metastasis of the orthotopic primary

tumor.

[8] In another approach, the cancer cells are CCR9- cells which are modified to
comprise an expression vector having an inducible promoter that can drive expression of the
CCRO receptor. For the modified CCR9- cells, the orthotopic tumor forms after the cells are
introduced into the non-human mammal and expression of CCRO9 is induced. CCR9
expression can also be induced prior to introducing the cells into the non-human mammal, so
long as the induced CCRY expression is maintained long enough after introduction so that the
primary orthotopic tumor is formed. After formation of the orthotopic primary tumor, the
induced expression of the CCRY receptor can be stopped, which results in metastasis of the

primary orthotopic tumor.

[9] Kits which contain expression vectors for making the modified cancer cells

are provided, along with packaging or other printed material which describes how to use the
make and use the cancer cells to form an orthotopic tumor, and optionally to trigger
metastasis. The kits can in embodiments contain cancer cells which comprise the expression
vectors.

[10] A method for identifying agents which can inhibit metastasis using non-human
mammals having orthotopic tumors formed using the modified cancer cells is also provided.
This method comprises introducing modified cancer cells into a non-human mammal and
forming an orthotopic tumor, triggering metastasis, and determining whether or not a test

agent administered to the mammal inhibits the metastasis.
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[11] In this disclosure, we demonstrate that CCR9 protein expression levels are
highest in colon adenomas, and progressively decrease in invasive and metastatic CRCs. It is
also shown that CCR9 is expressed in both primary tumor cell cultures and colon cancer
initiating cell lines (CCIC) derived from early stage (I/Il) CRCs. In vivo, systemically
injected CCR9+ early stage CCIC unexpectedly and spontaneously form orthotopic
gastrointestinal xenograft tumors. Blocking CCR9 signaling inhibits CRC tumor formation in
the native gastrointestinal CCL25+ microenvironment, while increasing extra-intestinal
tumor multiplicity. These data provide insights into the mechanisms that regulate cancer
progression, invasion and metastasis and provide novel in vifro and in vivo compositions,

methods and compositions for use in studying tumor formation and metastasis.

DESCRIPTION OF THE DRAWINGS

[12] Figure 1. CCRO is expressed in early stage CRC and early stage colon cancer
initiating cells (CCIC). CCR9 protein in normal colon epithelium (B), pre-invasive (A&C),
invasive (D&E) and liver metastatic (F&G) CRCs are shown by immunohistochemistry with
anti-human CCR9 and developed by DAB (brown). Dotted line in E indicates the boundary
between normal epithelium (CCR9+) and invasive CRC (CCR9-).(H), negative control with
control IgG; Scale bars, 100u in A,D,F; 50 uin E,G,H; 10 pin B,C (I) CCR9 expression
levels by immunohistochemistry scoring. Error bars indicate SEM. * and ** indicate
statistical difference with P < 0.001 and P<0.01, respectively, compared to normal colon. (J)
FACS quantification of membrane and cytoplasmic CCR9+ cells in early or late stage
primary CRCs. Gates are set for high CCR9+ signal intensity.(K) Western blot of CCR9
protein levels in common CRC lines (RKO, SW480, LoVo), 3 early stage CCIC lines (Stage
I/IT) and 2 late stage CCIC lines (Stage III/IV), B-actin is loading control. Lymphoma cells
are used as a positive control for CCR9.(L) FACS quantification of cell surface membrane
CCRO+ cells in common CRC lines (HCT116 as representative), early stage CCIC and late
stage CCIC (early stage CCIC1 and late stage CCIC1 as representative).

[13] Figure 2. FEarly stage CCIC form orthotopic xenograft tumors in mouse
intestine, colon and other sites. (A)Post-mortem analysis of NOD/SCID mice with tail vein-
injected CCIC (4X). Arrows show CCIC tumors in lung (white spots; upper part of photo)
and intestine (lower part of photo). Small bowel is distended and inflamed. (B)Close up of

mouse abdomen showing (1) distended small intestine loop proximal to CCICtumor



WO 2014/008385 PCT/US2013/049302

obstruction with adhesion to adjacent (non-obstructed and grossly normal) small intestine
loop and (2) Pneumatosisintestinalis from bacterial stasis in right colon proximal to another
CCIC obstruction.(C) High low power light microscopy close up of CCIC jejunal
adenocarcinoma, Scale bars, 0.5 mm. Multiple CCIC tumors with histopathology in small
intestine (D), colon (E&F) and lung (G). Arrow denotes adenocarcinomas in D-G. Scale
bars,100u. (H)Xenograft tumor incidence by site of implantation mice injected with CCIC or
CRC cell lines. * P< 0.01 and **P< 0.001 compared to non-CCIC. Error bars indicate S.E.M.
Arrows designate Farly Stage CCSC bars.

[14] Figure 3. CCIC colon and intestinal tumors consist of human cells and are
CCRO positive. (A). PCRof human centromeric repeat sequences from DNA extracted from
CCIC (positive control), CCIC injected mouse tail, intestine, lung tissue and no DNA control
(negative control). (B). Maestro GFP imaging system images of intestinal tumor of PGK-
eGP expressing CCIC. Scale bars, 0.5 cm.(C).Light microscopy close up of eGFP+ CCIC
tumor in (B).Scale bars, 0.5 mm.(D). Anti-GFP-immunofluorescence imaging of CCIC
intestinal tumor with adenocarcinoma morphology. Left upper window shows H+E staining
of the same intestinal tumor as control. Arrows indicated eGFP+ cells. M, mucosa. Scale
bars, 100p. (F). CCR9 immunofluorescence of CCIC intestinal and lung tumors.CCR9
protein was detected by anti-human CCR9 antibody (green) and nuclei were stained with
DAPI (blue). Scale bars, 50 u. (F).CCL25 immunofluorescence in mouse intestine and
lung.CCL25 expression was detected by anti-mouse CCL25 antibody (red) and nuclei were
stained with DAPI (blue). Scale bars, 100 . (G). Anti-CCI125 antibody western blot showing
CCL25 expression in mouse intestine but not lung. B- actin is loading control.

[15] Figure 4. CCL25 dependent chemotaxisin early stage primary CRC and CCIC.
(A) Boyden chamber assay of 7 early stage primary CRCs chemotaxis to chamber containing
CCL25. (-) CCL25 absence or (+) CCL25 presence. Error bars indicate S.E.M. *P < 0.0001
compared to matched (-) cells by one-way ANOVA (n=4). SW480 is used as a negative
control. (B)Crystal violet staining of early stage primary CRC cells migrating into chamber
with CCL25 (bottom) or mock (top).Scale bar, 50u. (C).CEA (Red) and CCR9 (green)
immunofluorescence of early stage primary CRC cells that migrated to chamber with CCL25.
DAPI, blue. Scale bar, 10p. IgGis negative control. (D) Crystal violet staining of Transwell
chambers with early stage CCIC1 or late stage CCIC1(as representatives) that have migrated
to CCL25or PBS (mock). Scale bar, 50u. (E)CCRY immunofluorescence of early stage CCIC
that migrated to CCL25 containing chamber. CCR9 (green) and DAPI (blue).Control 1gGis
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used as negative control. Scale bar, 10p.(IF) Percentage of earlyor late stage CCIC that
migrated to CCL250r mock (PBS) in Transwell assay. **P<0.001.

[16] Figure 5. Survival of mice systemically injected with early stage CCICs, late
stage CCICs and non-CCIC CRC lines. Kaplan-Meier survival analysis of mice after tail vein
injection with early stage CCIC (blue), late stage CCIC (grey) or the non-CCIC commonly
used CRC cell lines LoVo and SW480 (black). P<0.0001 difference between the early stage
CCIC and commonly used CRC cell lines by log-rank test (Graphpad Prism software version
5).

[17] Figure 6. Anti-Ccl25 antibody systemic injection or shRNA knockdown of
CCRO, but not CD26 or SNAIL, increases survival of mice systemically injected with CCIC.
(A) shRNA constitutive knockdown efficiencies of CCR9, CD26 or SNAIL in CCIC were
tested by western (left) and quantified (right) by using western quantification software of
Quantitity One (BioRad). (B) Xenograft tumor incidence in mice injected with CCIC
expressing anti-CCR9, SNAIL1 or CD26 shRNA knockdown, organized by tumor site. * P<
0.01 compared to scrambled shRNA control. Error bars indicate S.E.M. In Figure 6B, left
panel, the order of bars for each sample listed on the X-axis is from left to right: Scr, CCR9
KD, Snail KD, and CD26 KD. (C) Kaplan-Meier survival analysis of mice after tail vein
injection with anti-Ccl25 antibodies or CCIC lentivirally infected with scrambled shRNA
control (Mock), shRNA against CCR9, SNAIL1 or CD26. Survival curve data match Table 1.
P=0.0007, Log Rank test comparison of overall survival of mice injected with CCIC
expressing either scrambled shRNA control vector or anti-CCR9 knockdown sequences
(Graphpad Prism version 5). P=0.023 Log Rank test comparison of overall survival of mice
injected with anti-Ccl25 or IgG control (Graphpad Prism version 5).

[18] Figure 7. CCR9/CCL2S5 signaling is inhibited after CCIC intestinal tumor
initiation by anti-CCL25 antibody treatment or CCR9 inducible shRNA. (A). Schematic of
CCR9 inducible shRNA, in which anti-CCR9 hairpin sequence was cloned in the 3’pH1 TetO
promoter. Expression of anti-CCR9 hairpin was inhibited by TetR (Tet-repressor) and
induced by tetrycycline derive doxycycline. (B). Efficiency of CCR9 inducible knockdown in
CCIC. The CCR9 protein levels in CCICs with only shRNAtetO vector, tetO + tetR or
tetO+tetR+ doxycycline were detected by anti-human CCR9 antibody (left) and semi-
quantified (right)by Quantitity One (BioRad).(C & D) Xenograft tumor incidence in mice
injected with CCR9+ CCR9, and anti-CCL25 antibody therapy (D) or CCR9 inducible
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knockdown (or control, scr) by doxycycline (E) three weeks after tail vein injection organized
by tumor site. * P< 0.01 compared to mock control. Error bars indicate S.E.M.

[19] Figure 8. CCIC extra-GI metastatic tumors are induced by anti-CCL25
treatment or CCR9 inducible knockdown. (A) and (B)Light microscopy of CCIC abdominal
metastasis. (C) Light microscopy of CCIC liver metastasis, Metastatic foci are indicated by
arrows. (D). H+E of CCIC metastatic tumors in pancreas. Arrows denote metastatic foci.
Scale bar, 100p.

[20] Figure 9. (A). Schema of the experimental procedures in Table 2. (B) Schema
of the experimental procedures in Table 3. Colon/intestine tumors (blue) and ex-GI tumors
(green) dots.

[21] Figure 10. CCR9 overexpression in HCT116 significantly increased GI tumor
formation and reduced extra-GI tumor formation (A). Western blot of CCR9 expression in
HCT116 cells transfected with control vector or CCR9 constitutive expression vector. B-actin
is loading control. (B). Quantification of GI and extra-GI tumors in mice that have HCT116
cells transfected with either CCR9 overexpression or control vector (n=6) injected by tail
vein. Xenograft tumors were quantified by luciferase - photon signals with Xenogen
software. ** P< 0.001; * P< 0.01 compared to the control group. Error bars indicate S.E.M.
The whole-mouse (right upper panel) or an ex vivo GI (right down panel) representative
imaging is shown in (C).

[22] Figure 11. CXCR4 expression in early stage CCIC extra-GI tumor. CXCR4
protein detected by immunohistochemistry in xenograft lung tumors, shown by DAB (A) 1gG
control; (B) anti-human CXCR4 antibody.

[23] Figure 12. (A) Graphical representation of CCR9 inducible expression vector.
(B) Western blot validating induction of CCR9 expression. (C) Graphical data demonstrating
that CCR9Y overexpression does not significantly affect cell growth and viability. (D) Boyden
chamber experiment results summarized graphically and showing that the indicated cells with
induced CCRY expression functionally migrate to CCL25.

[24] Figure 13. (A) Schematic showing cancer cells with induced CCR9 expression
injected via tail vein form gastrointestinal tumors. (B) Whole body imaging showing 12
human CRC lines with induced CCR9 expression developed gastrointestinal tumors in
immunodeficient mice. (C) Graphical summary of results showing intestinal tumor formation
using the different cell lines indicated with induced CCR9 expression. Two primary lines

and lines derived from patients formed GI tumors.
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[25] Figure 14. Photographic/imaging representations showing that CT26 cells with
induced CCR9 expression form GI tumors in immunoproficient mice.

[26] Figure 15. Imaging representations of showing formation of orthotopic
intestinal tumors followed by cessation of CCR9 induction (-Dox) followed by liver and lung
metastasis. We followed similar models to demonstrate the dynamics of CRC metastasis
progression by real time IVIS imaging and the interaction with vasculature, such as
intravasation of GI tumors and extravasion of liver tumors by multiple photon microscopy

(not shown).

DETAILED DESCRIPTION OF THE DISCLOSURE

[27] The present disclosure provides compositions and methods which comprise in
various embodiments cancer cells which have been modified so that expression of a
chemokine receptor can be modulated. The modified cells are useful for, among other
purposes, forming orthotopic tumors in non-human animals, controlling initiation of
metastasis of the orthotopic tumors, and for determining whether or not test agents are
capable of inhibiting metastasis. In embodiments, methods for making an orthotopic tumor
capable of metastasis are provided. Also provided are kits comprising engineered cancer

cells which are capable of forming orthotopic tumors.

[28] “Orthotopic” as used herein means occurring at the expected place in the
body. As a non-limiting example, in humans, colon cancer cells normally form primary
tumors in the gastrointestinal tract. Thus, a primary orthotopic colon cancer tumor should
form in the gastrointestinal tract of an animal model of colon cancer, but for a variety of
reasons, such models have been previously difficult and costly to develop, and to the extent
they have been possible at all, they require surgical implantation of cancer cells. The present
disclosure has advantages over previously available techniques because it enables formation
of orthotopic tumors in non-human animals using cancer cells, including human cancer cells,
which are modified to permit control of metastasis from the primary tumor by modulating
expression of a chemokine receptor. In embodiments, control of metastasis comprises
controlling the initiation of metastasis. Thus, the present disclosure includes in various
aspects cancer cells which have been engineered so that expression of a chemokine receptor
can be modulated, wherein the human cancer cells have the capability to metastasize from a
primary tumor based at least in part on modulation of the expression of the chemokine

receptor. Additionally, orthotopic tumors of the present disclosure can be formed, for



WO 2014/008385 PCT/US2013/049302

example, in a rodent without the need for surgical procedures by administration of the cancer
cells via the tail vein, providing a unexpected and heretofore unavailable approach for
creating orthotopic tumors and controlling metastasis of them. In embodiments, the cancer
cells used in the present disclosure are human cancer cells, but cancer cells from other
mammalian species can also be used, such as rodent cancer cells, including but not

necessarily limited to murine cancer cells

[29] The engineered cancer cells that are an aspect of the present disclosure can be
any type of cancer cells that can form a primary tumor and thereafter metastasize, subject to
the capability to control metastasis that is further described herein. Likewise, the chemokine
receptor, the expression of which can be modulated according to the present disclosure, can
be any chemokine receptor that is involved in metastasis, and can be specific for any
chemokine. Those skilled in the art will recognize that chemokines are a family of secreted
ligands that play roles in regulating lymphocyte intra- and intercellular signaling, anti-
apoptosis and trafficking between different organs, such as bone marrow and intestinal
mucosa.

[30] In embodiments, metastasis from the primary tumor facilitated by the present
disclosure comprises metastasis to the expected location in the body of the non-human
mammal, meaning that the type of orthtopic tumor metastasizes to the same organs or other
locations in the non-human mammal as for the same type of tumor in a human patient. For
example, human colon cancer tumors often metastasize to the lungs and liver. Thus, in non-
limiting embodiments, an orthotopic primary tumor comprising engineered human colon
cancer cells of the present invention also metastasizes to the lungs and liver of the non-human
mammal in which the orthotopic primary tumor is formed.

[31] In an embodiment, the chemokine receptor engineered to have controllable
expression according to the disclosure is the CCR9 chemokine receptor; its ligand is the
chemokine referred to as CCL25. In the present disclosure, a novel role for CCR9 in the
inhibition of colorectal cancer invasion and metastasis is revealed. Without intending to be
constrained by any particular theory, it is considered that the G-protein coupled chemokine
receptor CCR9Y and its ligand CCL25 comprise a signaling axis that is particularly relevant in
the small intestine and colon. Small intestine and colon epithelial cells produce CCL25. This
attracts circulating CCR9+ T cells to intravasate into the gut towards the CCL25 source. In

addition to producing CCL25, endogenous small intestine and colon epithelial cells also
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express CCR9. However, as will be apparent from data and description presented below, we
have now discovered that commonly used colorectal cancer cell lines do not express CCR9 as
determined by immunohistochemnistry (CCR9- cells), whereas newly derived cell cultures
from primary colorectal cancer cell cultures and colon cancer initiating cell lines (CCIC)
made from early stage tumors do express CCR9 (CCR9+ cells). Furthermore, melanoma,
ovarian, breast and prostate adenocarcinomas express CCR9. Thus, it is apparent that
CCL25/CCRO plays a variety of roles in different cell types, including several distinct types
of cancers. Accordingly, the present disclosure is expected to be applicable to a variety of
cancer cell types for which modulation of chemokine receptor such as CCR9 can affect
metastasis from a primary tumor. In embodiments, the engineered cells provided by the
present disclosure are human CRCs which comprise one or more expression vectors which
can modulate CCR9 expression as described further below.

[32] With respect to CCR9, we demonstrate that compared to normal colon
mucosa, CCR9Y is upregulated in adenomas and pre-invasive colorectal cancers. In contrast,
CCRO expression is subsequently downregulated in invasive and metastatic CRCs. Because
we discovered as described further herein that commonly used colorectal cancer cell lines are
frequently CCR9-, new cell culture models were created and tested. We showed that both
primary colorectal cancer cell cultures and CCIC lines made from early stage tumors can be
CCRO9+. We further demonstrate in vivo that CCR9+ early stage CCIC introduced into non-
human animals spontaneously form orthotopic colon and small intestinal xenografts, which to
our knowledge has never been observed with any previous CRC cell line, while commonly
used, non-engineered colorectal cancer cell lines and CCR9- CCIC form only extra-intestinal
tumors. We demonstrate that blocking the CCR9-CCL25 axis inhibits CCIC intestine/colon
tumor formation while increasing extra-intestinal tumor multiplicity. Overall, these data
provide insights into the mechanism by which CCR9/CCL25 promotes colon-localized, early
stage colorectal cancer growth while inhibiting invasion and metastasis, and further
demonstrate a variety of uses for the presently provided novel engineered cells and the irn vivo
model system we used to control CRC tumor progression and metastasis in the native colon
microenvironment. We have also demonstrated using oxaiplatin treatment that metastatic
tumors made according to the present disclosure are more chemoresistant than primary GI
tumors and subcutaneous xenografts.

[33] Modifying cancer cells such that expression of the chemokine receptor is

controllable can be performed using different approaches that comprise either inducing

-10 -



WO 2014/008385 PCT/US2013/049302

expression of CCR9, or suppressing its expression. Each approach takes advantage at least in
part of the present demonstration that in vitro cultures of colon cancer cells may or may not
express CCR9. One approach comprises modifying CCR9+ human cancer cells such that
expression of CCR9 can be suppressed. Such CCR9+ cells are considered to endogenously
or constitutively express CCR9. An alternative approach comprises modifying colon CCR9-
cancer cells such that expression of CCR9 can be induced. CCR9- cells are considered to be
endogenously CCR9-, meaning they are CCR9- prior to being modified according to the
present disclosure. CCR9- cells can be cells which do not express detectable CCR9, such as
by using an immunoassay, i.e., a Western blot or an ELISA assay, or cells that express less
CCRO than a reference, such as the amount of CCR9 expressed by a colorectal cancer cell in
a gastrointestinal tumor that is not metastasizing. Thus, cells which do not express CCR9
(CCR9-) cells can include cells that express lower amounts of CCR9 than a reference. In
either case, when human cancer cells in the primary tumor stop expressing CCRDY, either by
eliminating the induced expression of CCR9 or by inducing suppression of CCR9, metastasis

is triggered.

[34] With respect to modifying CCR9+ cancer cells such that expression of CCR9
can be suppressed, in various embodiments, the method comprises introducing into the
CCRO+ cancer cells an expression vector which allows inducible expression of a
polynucleotide that can effect RNAi-mediated degradation of mRNA encoding CCR9. By
using this approach, expression of the receptor can be controlled such that it is turned off
when desired by inducing expression of the polynucleotide that can facilitate the RNAi-
mediated degradation of the receptor. In embodiments, the polynucleotide that can effect
RNAi-mediated degradation of mRNA encoding the CCR9 receptor is a polynucleotide that
is complementary to CCR9 encoding mRNA. The polynucleotides that facilitate RNAi-
mediated suppression of CCR9 expression can be in the form of shRNAs that are designed to
target CCR9 mRNA. As is known in the art, shRNAs adopt a typical hairpin secondary
structure that contains a paired sense and antisense portion, and a short loop sequence
between the paired sense and antisense portions. shRNA is delivered to the cytoplasm where
it is processed by dicer into siRNAs. The siRNAs are recognized by RNA-induced silencing
complex (RISC), and once incorporated into RISC, siRNAs facilitate cleavage and
degradation of targeted mRNA. In embodiments, an shRNA polynucleotide used to suppress

CCRY expression can comprise or consist of between 45-100 nucleotides, inclusive, and

-11 -
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including all integers between 45 and 100. The portion of the shRNA that is complementary
to the CCR9 mRNA can be from 21-29 nucleotides, inclusive, and including all integers
between 21 and 29. shRNAs expressed from modified viruses and targeted to many human

mRNAs are also commercially available.

[35] In various embodiments, an shRNA can be present in a lentiviral vector,
suitable constructs of which are known in the art and which are commercially available to be
adapted for use with the presently provided compositions and methods. In embodiments, the
lentiviral vector or any other suitable expression vector includes an inducible promoter that
drives transcription of the polynucleotide that effects RNAi-mediated degradation of the
CCRO receptor mRNA. In general, the inducible promoter is configured such that it is
operably linked to the sequence encoding the polynucleotide targeted to the CCR9 mRNA. In
one embodiment, the inducible promoter is induced by an agent that is delivered to the cells
and/or to the non-human animal. In embodiments, the promoter can be induced by an
antibiotic, for example the promoter can be a doxycycline-inducible promoter. A schematic
representation of an expression vector comprising a doxycycline-inducible promoter
controlling expression of an shRNA targeted to CCR9 mRNA is presented in Figure 7A.
Those skilled in the art will recognize that there are a wide variety of well-known methods
and techniques for introducing polynucleotides, including expression vectors/letiviral vectors,
into cancer cells, and any such techniques can be used for making the engineered human

cancer cells of the present disclosure.

[36] In embodiments, the disclosure includes in vitro cultures of colon cancer cells
comprising an expression vector comprising an inducible promoter that can drive
transcription of an shRNA targeted to CCR9 mRNA. In embodiments, the disclosure
includes an orthotopic tumor comprising colon cancer cells comprising an expression vector
which contains an inducible promoter that can drive transcription of an shRNA targeted to
CCR9 mRNA. In embodiments, the invention includes a non-human animal comprising
metastatic foci, wherein the metastatic foci comprise human cancer cells which contain an
expression vector comprising an inducible promoter that can drive transcription of an shRNA
targeted to CCR9 mRNA. In embodiments, the metastatic foci comprise colon cancer cells
comprising the expression vector which contains the inducible promoter that can drive
transcription of an shRNA targeted to CCR9 mRNA, wherein the transcription of the ShRNA

is induced and therefore expression of CCRY receptor is inhibited.
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[37] With respect to modifying CCR9- cancer cells such that expression of CCR9 can be
induced, in various embodiments, the method comprises introducing into the CCR9- cancer
cells an expression vector which allows inducible expression of a polynucleotide that encodes
CCRO. In general, the inducible promoter is configured such that it is operably linked to the
CCRO coding sequence. An illustrative example of an expression vector comprising an
inducible promoter that drives transcription of a CCR9 mRNA coding sequence is presented
in Figure 12A. In an embodiment, the CCR9 that is induced or that is inhibited comprises or
consists of the sequence of SEQ ID NO:1. SEQ ID NO:1 is:
MTPTDFTSPIPNMADDYGSESTSSMEDY VNENFTDFYCEKNNVRQFASHFLPPLYWL
VFIVGALGNSLVILVYWYCTRVKTMTDMFLLNLAIADLLFLVTLPFWAIAAADQWK
FQTFMCKVVNSMYKMNFYSCVLLIMCISVDRYIATAQAMRAHTWREKRLLYSKMV
CFTIWVLAAALCIPEILYSQIKEESGIAICTMVYPSDESTKLKSAVLTLKVILGFFLPFV
VMACCYTIIHTLIQAKKSSKHKALKVTITVLTVEFVLSQFPYNCILLVQTIDAY AMFIS
NCAVSTNIDICFQVTQTIAFFHSCLNPVLY VEVGERFRRDLVKTLKNLGCISQAQWYVS
FITRREGSLKLSSMLLETTSGALSL (SEQ ID NO:1). This is the sequence of Variant A
CCR9 and is the deduced amino acid sequence from the cDNA sequence provided in
GenBank accession no. NM_031200. The 16 C-terminal amino acids shown for SEQ ID
NO:1 (KLSSMLLETTSGALS; SEQ ID NO:2) are optional; truncating them results in CCR9
Variant B. It is expected that Variant A or B can be used for the purposes of this disclosure.
Those skilled in the art will recognize that various amino acid substitutions to the Variant A
or B amino acid sequence can be made, such as conservative amino acid substitutions, or
additions or deletions, so long as the CCR9 polypeptide retains its ligand binding function
and CCRO+ cells are capable of forming orthtopic tumors as described herein. It will also be
recognized by those skilled in the art that any expression vector encoding an mRNA which
encodes a CCR9, such as Variant A or Variant B CCR9 mRNA can be used in the
compositions and methods provided by the instant disclosure. Likewise, any RNA for use in
RNAi-mediated suppression of CCR9 can target any mRNA that encodes either Variant. In
embodiments, Variant A is used. In this regard, we have determined that Variant A shows
higher affinity to CCL25 in CRC cells. In one embodiment, a cDNA encoding Variant A
comprises SEQ ID NO:3, or a segment thereof that comprises an open reading frame that
encodes Variant A or Variant B CCR9. In an embodiment, Variant A is encoded by

nucleotides 181 — 1290 of SEQ ID NO:3, having a total length of 1110 bp. In an
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embodiment, Variant B is encoded by nucleotides 168-1241 of SEQ ID NO:3. The RNA
equivalent of SEQ ID NO:3 is encompassed by this disclosure.

[38]1 We used the inducible expression vector in the human CRC lines SW480, SW620,
SW48, HCT116, HCT15, LoVo, Caco2, HT-29, Colo205, RKO, DLD1, LS174T, HCA7, in
mouse CRC lines Colo26, CT26, and in primary CRC lines J212, J217, J906, J1108, S1024.
The capability of CCR9 induced expression from CRC cells engineered for the capability to
form orthotopic tumors which metastasize subsequent to cessation of CCR9 induction is

demonstrated collectively by the data presented in Figures 12, 13, 14 and 15.

[39] In embodiments, the disclosure includes in vitro cultures of colon cancer cells
comprising an expression vector comprising an inducible promoter that can drive
transcription of CCR9 mRNA. In embodiments, the disclosure includes an orthotopic tumor
comprising colon cancer cells comprising an expression vector which contains an inducible
promoter that can drive transcription of CCR9 mRNA. In embodiments, the expression of
CCR9 in the cancer cells in the tumor is induced. In embodiments, the invention includes a
non-human animal comprising metastatic foci, wherein the metastatic foci comprise human
cancer cells which contain an expression vector comprising an inducible promoter that can
drive transcription of CCR9 mRNA. In embodiments, expression of the CCR9 mRNA in

metastatic foci is not induced.

[40] In embodiments, the agent that induces transcription (the “inducer”) from the
inducible promoter in the engineered cancer cells is supplied by way of introducing it into a
cell culture comprising the cancer cells, or by introducing it into a non-human animal into
which the engineered cells have also been introduced. The inducer can be delivered in vitro
or to the non-human animal using any suitable technique, such as by contacting an in vitro
cell culture comprising the engineered cancer cells with the inducer, or by administering the
inducer to the non-human animal by intravenous administration, or by including the inducer
in substances consumed by the non-human animal, including but not necessarily limited to
pharmaceutical preparations that comprise the inducer, and food and/or water that contain the

inducer and which are consumed by the non-human animal.

[41] In general the inducer is administered experimentally, and is thus not an
inducer that is produced by the cell in which the expression vector is introduced, and/or it is

not an inducer that is made by a cell in proximity to the engineered cancer cell, and/or it is

- 14 -



WO 2014/008385 PCT/US2013/049302

not produced by a the non-human animal into which the cells have been introduced. Inducers
of the invention in embodiments can exclude certain agents that can function to induce
expression of a chemokine receptor, including but not necessarily limited to interleukins,
lipopolysaccharides, antibodies, polynucleotides and immunomodulatory compositions, such

as components of major histocompatibility (MHC) complexes or immunogenic polypeptides.

[42] It will be apparent from the foregoing that one aspect of the invention
comprises a method for making an orthotopic tumor capable of metastasizing, the method
comprising: a) introducing into a non-human mammal a plurality of cancer cells, which may
be human cancer cells, wherein the cancer cells contain an expression vector, wherein the
expression vector comprises an inducible promoter that controls expression of: i) an shRNA
targeted to a chemokine CCR9 receptor mRNA, which may be a human chemokine CCR9
receptor mRNA, wherein the human cancer cells are CCR9+ cells; or ii) the chemokine
CCRY receptor, wherein the cancer cells are CCR9- cells, which may be human cancer cells.
In the case of i), the metastasis can occur subsequent to inducing expression of the shRNA.
In the case of ii), metastasis can occur subsequent to allowing induced expression of the
CCRO to stop. In embodiments, the orthotopic tumor forms in the gastrointestinal tract of the
non-human animal. In embodiments, metastasis of the gastrointestinal tumor is to the liver,
lung, or peritoneum of the non-human animal. Non-human animals made according to the
foregoing methods are also provided by the invention. In embodiments, the non-human

animals are mammals, such as rodents. In embodiments, the rodents are mice.

[43] In another aspect, the present disclosure provides a method for determining
whether one or more test agents are candidates for use as metastasis inhibitors in humans.
The method comprises providing a non-human animal model made according to the present
disclosure, wherein the non-human animal has an orthotopic tumor comprising colon cancer
cells as described herein, and allowing metastasis by either inducing expression of an shRNA
targeted to CCR9 in endogenously CCR9+ cancer cells in the orthotopic tumor, or by
stopping the induced expression of CCR9 in endogenously CCRO9- cancer cells in the
orthotopic tumor, and administering a test agent to the non-human animal. A reduction in
metastasis relative to a control is indicative that the test agent is a candidate for use as a
metastasis inhibitor in humans. In embodiments, the orthotopic tumor forms in the
gastrointestinal tract of the non-human animal. In embodiments, metastasis of the tumor to

liver, lung, or peritoneum of the non-human mammal is inhibited by the test agent. It will be
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recognized that test agents that do not inhibit metastasis in the non-human animal may be
considered to be less desirable candidates for inhibition of metastasis in humans, or not

candidates for such a purpose.

[44] The control for testing of the test agents can be any suitable control. In
embodiments, the control is a non-human animal of the same species as to which the test
agent is administered, but in which the shRNA is not induced for CCR9+ human cells, or in
which CCRO9 receptor expression is not induced for CCR9- human cancer cells, as
appropriate for the experimental animal(s). Those skilled in the art will also recognize that
control animals can include those in which empty expression vectors are administered, but to
which the inducing agent is also administered, as appropriate. In an embodiment, a test agent
identified as a candidate for use as an inhibitor metastasis according to the disclosure is a

candidate for use in inhibiting metastasis of a colon cancer tumor in a human subject.

[45] In another aspect the present disclosure provides a product for use in making
an orthotopic tumor capable of controllable metastasis as described herein. The product
comprises at least one sealed, sterile container comprising one or more expression vectors
wherein the expression vector comprises an inducible promoter that controls expression of: 1)
an shRNA targeted to a human chemokine CCRY receptor mRNA for use with CCCR9+
cancer cells; or ii) the human chemokine CCR9 receptor for use with CCR9- cancer cells.
The container can be any suitable container for holding expression vectors. In embodiments,
the kits can further comprise CCR9+ and/or CCRO9- cancer cells, including but not necessarily
limited to human cancer cells, such as human colon cancer cells. The cells can comprise the
expression vectors, or the cancer cells can be provided in separate, sterile sealed containers
apart from the expression vectors and their respective container(s). The cells can be provided
as a cooled or frozen composition, such as a suspension. The composition comprising the
cells can include a component to inhibit the formation of ice crystals, such as glycerol. The
product further comprises printed material providing instructions for introducing the
expression vectors into cancer cells, and can also include instructions for inducing expression
from the inducible promoter. The kits can also include instructions for introducing the cancer
cells comprising the expression vector into a non-human mammal. The instructions can also
include information regarding inducing expression of the human chemokine receptor or the
shRNA, and information regarding inducing expression so that an orthotopic tumor

comprising the human cancer cells forms and/or metastasizes in the non-human mammal.
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The product may be provided as a kit. The kit can if desired optionally include a label
attached to or packaged with the container which holds the expression vectors and optionally
the cells, the label describing the contents of the container and providing indications and/or
instructions regarding use of the contents of the container for making engineered cancer cells
and for using the cancer cells to make non-human animal models with orthotopic tumors. In
embodiments, the kit further comprises the inducing agent, which can be provided in a

separate container.

[46] The following examples are presented to illustrate the present disclosure. They
are not intended to limiting in any manner.

EXAMPLE 1

[47] CCR9 is upregulated in pre-invasive CRC and downregulated in invasive and
metastatic CRC. To analyze the expression pattern of CCR9 in colorectal cancer,
representative sections from patient tumors were immunostained. Cases varied in clinical
stage from adenoma to carcinoma in situ ('Tis) to transmural involvement (T4). CCR9
staining intensity was scored for normal crypt epithelium and neoplastic tissue from each
involved layer of the colon wall (Figure 1). CCR9 is expressed in normal colonocytes
essentially throughout the entire crypt. To quantify CCR9 staining intensity, a histopathology
scoring system ranging from 0-3 was used. Normal colon epithelium had a mean staining
intensity of 1.60+0.04, n=55. CCR9 staining in adenomatous foci was significantly increased
(2.2620.06, n=46) vs. normal tissue. In contrast, staining intensity progressively decreased in
carcinoma in situ(2.032+0.08, n=19), and in carcinomas invasive into the submucosa
(1.47+40.06, n=44) and muscle wall (1.13+£0.08, n=42; all p < 0.001) (Figure 1 A-I).
Additionally, CCR9 expression in primary CRC culture by FACS were quantified.
Consistently, high percentages (~90%) of early stage (I/Il) primary CRC cells are CCR9+,
while much lower percentages of late stage (III/IV) invasive or metastatic CRCs (~10%) are
CCRY+ (Figure 1 J). Overall, CCR9 levels are highest in non-invasive tumors (adenomas and
in situ carcinomas) and progressively downregulated in submucosal invasive, muscle
invasive and metastatic colorectal cancer tumors, consistent with a potential role for CCR9 to
suppress invasion and metastasis.

[48] To understand CCR9’s role in colorectal cancer, several commonly used
colorectal cancer cell lines were tested (HCT116, RKO, SW480 and LoVo) and found very

low or undetectable CCR9 protein levels (Figure 1 K,L). In contrast, several colon cancer
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initiating cell lines (CCIC) derived from early-stage/colon-localized (American Joint
Committee on Cancer stage I/II) CRC patients generally have robust CCR9 protein
expression. In contrast, CCIC lines derived from later stage (III/IV) patients whose tumors
had spread beyond the colorectum have much lower CCR9 expression. This suggested that
CCIC lines derived from early stage/colon-localized colorectal cancer patients might be a
useful system for mechanistic studies of CCR9. Additionally, while only correlative, these
data are consistent with immunohistochemistry that CCR9 protein levels are more closely
associated with earlier stage CRC tumors that have less invasive and metastatic potential vs.
later stage tumors with poorer prognosis.

[49] Stage /I CCIC form orthotopic xenograft CRC tumors in the colon and small
intestine CCL25 produced by small intestine and colon epithelial cells attracts circulating
CCRO+ T lymphocytes. To understand the irn vivo role of CCR9 in colorectal cancer, CCIC
lines were injected systemically into the tail vein of immunodeficient mice (NOG mice).
73.3% of mice injected with early stage CCIC became moribund and developed average of
3.7 tumors in intestine/colon at mean 8.55 weeks post-inoculation (Table 1). Of mice that
developed gastrointestinal (GI) tumors, 69% had tumors in both small intestine and colon,
19% only in colon and 12% only in small intestine (Figure 2 H). No upper GI or rectal
tumors were seen. Many of these tumors caused intestinal obstructions and pneumatosis coli
(gas in the intestine from bacterial stasis and dysmotility secondary to obstruction) (Figure 2
A,B), pathologies often seen in patients with obstructing primary colorectal cancer
adenocarcinomas. Evaluation of other organs showed that 35.6% of mice developed an
average of 126 extra-intestinal tumor foci, mostly lung, and all were in mice that also carried
intestine/colon tumors. In contrast, mice injected with CCIC derived from later stage tumors
or commonly used colorectal cancer cell lines SW480 or LoVo formed tumors only outside
the small intestine and colon (Figure 2 H,I). Similar to CCIC dermal xenografts and the vast
majority of human primary and metastatic colorectal cancer tumors, CCIC colon/intestine and
extra-GI tumors have adenocarcinoma morphology containing distorted crypt-like structures
(Figure 2 D-F).

[50] Mice injected with either early or late stage CCIC also became moribund at
significantly earlier times post-inoculation vs. commonly used CRC cell lines (P<0.001)
(Figure 7). The colon/intestine tumors observed could have arisen directly from early stage
CCIC, or indirectly by stimulating endogenous mouse intestinal tumorigenesis. We

systemically injected and tracked early stage CCIC carrying the PGK promoter driving
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constitutive expression of an eGP reporter. First, it was tested whether these tumors
contained human DNA. PCR using two different human centromeric repeat sequences from
genomic DNA isolated from intestine/colon tumors showed that they contain human DNA
(Figure 3 A). Next, the lower GI tract from mice carrying early stage CCIC colon/intestine
tumors for eGIP fluorescence were examined. This revealed that GI tumors consist of eGFP+
cells (Figure 3 B, C, D), indicating that the colon/ intestine tumors were formed by early
stage CCIC in mouse hosts. As anticipated, the intestine and colon sites where tumors formed
expressed Ccl25 while sites of ex-GI tumors, such as lung, did not have detectable levels
(Figure 3 I, ). Interestingly, early stage GI CCIC tumors were CCR9+ whereas ex-GI
tumors were CCR9- (Figure 3E).

[51] Stage IVl primary CRC cultures and CCIC show CCL25 dependent
chemotaxis. To understand the role of the CCR9/CCL25 axis in primary colorectal cancer
cells, tumor cells were cultured directly from patient tumors. Cells were sorted for expression
of the colorectal cancer marker carcinoembryonic antigen (CEA) and plated in Boyden
chambers. Consistently, more primary early stage colorectal cancer cultured cells migrated
toward the chamber compartment containing recombinant CCL25 than mock control
(p<0.001) (Figure 4 A, B) while SW480 did not. Migrated primary early stage colorectal
cancer cells were double immunopositive for CEA and CCR9 (Figure 4 C). Similarly,
consistent with our in vivo xenograft studies, more early stage CCIC migrated in vitro
towards a chamber containing CCL25 vs. a mock control while this activity overall was much
lower for experiments with late stage CCIC (Figure 4 D-F). Altogether, these data show that
both CCRO9+ early stage colorectal cancer cells and CCIC functionally chemotax towards
CCL25.

[52] Inhibiting the CCRY/CCIL25 axis reduces CCIC colon/intestine tumor
Jormation. To test the role of CCR9 in CCIC orthotopic colon/intestine xenograft formation,
cell sorting was performed for CCR9 and systemically injected CCR9+ or CCR9- early stage
CCIC (Figure 9A). Mice injected with CCR9+ CCIC had a high incidence of colon/ intestine
tumors (both sites produce CCL25), whereas CCR9- CCIC had low incidence (P<0.001)
(Table 2). The mean number of colon/intestine tumors in mice injected with CCR9+ CCIC
was also significantly higher than mice injected with CCR9- CCIC. At the same time, the
incidence and mean number of tumors outside the colon/intestine were significantly higher in

mice injected with CCR9- vs. CCR9+ CCIC (Table 2).
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[53] To confirm the role of CCR9/CCL25, anti-CCL25 antibodies were used to
inhibit bicavailable intestinal CCL25. Pre-treating mice with anti-CCL25 antibodies before
and concurrent with early stage CCIC injection reduced colon/intestine tumor multiplicity
(Figure 9A). Anti-CCL25 antibody treatment also trended towards reduced colon/ intestine
tumor incidence and increased ex-GlI incidence and multiplicity, although these differences
were not statistically significant (Table 2). Additionally, CCR9 short hairpin RNA (shRNA)
knockdown in CCIC was used. Mice injected with CCR9 shRNA knockdown CCIC had
lower incidence, mean number of colon/intestine tumors and higher mean extra-intestinal
tumors vs. mice injected with CCIC expressing a control shRNA (Table 2 and Figure 6B).
The overall survival of mice injected with anti-Ccl25 antibodies or CCR9 shRNA knockdown
CCIC was also significantly longer vs. control (Table 2 and Figure 6C).

[54] The CCRIY/CCL25 axis regulates CCIC metastasis out of the Gl tract. To
understand whether CCR9/CCL25 regulates CCIC metastasis out of the GI tract, three sets of
experiments involving antagonism of CCL25/CCRY signaling after GI tumor initiation were
performed. First, we injected mice with CCR9+ CCIC, waited 3 weeks for colon/intestinal
tumors to form and then treated mice with anti-Ccl25 antibodies. This significantly increased
both the incidence and multiplicity of CCIC ex-GI tumors (Table 3, Figure 7D, Figure 8, and
Figure 9B). Second, CCR9+ CCIC was injected with doxycycline inducible expression of
anti-CCR9 or control shRNA. Approximately 3 weeks after injection, doxycycline was
administered to induce CCR9 knockdown. This also significantly increased ex-GI CCIC
tumor incidence and multiplicity (Table 3, Figure 7, Figure 8, and Figure 9B). Third,
HCT116 (which are CCR9-) sub-lines that stably express CCR9 (HCT116 ““®*) were
created and IVIS imaging was used to monitor the sites of tumor formation after tail vein
injection. While HCT116 cells form ex-GI tumors, HCT116 CCR9* ells in contrast form GI
tumors in addition to ex-GI tumors. Interestingly, stable expression of CCR9 also reduces the
overall burden of ex-GI tumors, as quantified by IVIS photon counting (Figure 10).
Altogether, these studies are consistent with CCL25/CCR9 antagonism causing CCIC in the
intestine and colon to migrate outside the GI microenvironment and form additional ex-GI
tumors.

[55] CD26 and SNALT are associated with colorectal cancer migration and
metastasis. To understand whether they could play a role in CCIC migration outside the GI

tract, ShRNA to knock down expression of CD26 or SNAL1 by ~70% was used (I'igure 6A).
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However, neither of these gene knockdowns affected colon/intestine or ex-GI CCIC tumor
formation, or survival of mice systemically injected with CCIC (Figure 6 B, C.).

[56] The commonly used colorectal cancer cell lines tested express little or no
CCROI. When injected systemically in mice, some lines can form tumors outside the GI tract.
However, no spontaneous orthotopic colon/intestine tumor formation has ever been reported
previously with any colorectal cancer cell line. This reflects their long term in vitro culture in
the absence of CCL25.

[57] Since our novel in vivo orthotopic CRC tumor formation system models the
transition directly from GI-localized neoplasms to metastatic carcinomas, the CCIC lines
described here have the potential to be a useful model to identify important “driver”
mutations, epigenetic changes and signaling pathways that regulate pre-invasive to invasive
and metastatic CRC progression, with less confounding by the high background “passenger”
mutation rates seen in advanced CRC tumors. Functional CCR9 responsive to CCL25 is
expressed by multiple tumor types, including prostate, ovarian, breast and pancreatic
adenocarcinomas and melanomas.

[58] The following materials and methods were used to obtain the data presented
and discussed above.

[59] Histology and Immunohistochemistry Representative sections from patient
CRC specimens were immunostained for CCR9 using a 1:150 dilution of anti-human CCR9
(Abcam #ab38564) with antigen retrieval and peroxidase-based detection. Cases varied in
clinical stage from in situ carcinomas (Tis) to transmural involvement (T4). For each

case, CCRO staining intensity was assessed (range 0-3) for normal crypt epithelium, and
neoplastic tissue from each involved layer of the colon wall using double blank scoring
method. Intensity + S.E.M. is shown.

[60] Cell Culture. AJCC clinical stage I/II (referred to here as early) and stage
HI/TV (late) CCIC lines were generated using colon cancer “stem” cell culture conditions of
Vermeulen et al with several modifications as previously described. Briefly, CRC patient
fresh primary and metastastic tumor biospecimens were extensively washed with PBS,
minced, and incubated at 37°C with collagenase. Cells were then strained through 40-pum
filter and cultured as “colonospheres™. Colonospheres were cultured in ultralow-attachment
flasks in DMEM/IF12 containing nonessential amino acids penicillin (500 U/ml),
streptomycin (500 mg/ml), and amphotericin B (1.25 mg/ml) and heparin (4 pg/ml.; Sigma).

Changes from included increased concentrations of epidermal growth factor (40 ng/ml.), and
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basic fibroblast growth factor (20 ng/ml.) and the addition of B27 supplement (Invitrogen).
Cells were incubated at 37°C and 5% CO2. Cells were cloned as single cells, expanded and
frozen in DMSO. With these conditions clonal cultured colonospheres were considered to be
CCIC based on the following criteria: (1) 50+% FACS positive status for CD44, CD133 and
ALDHI1 (tested individually), (2) 1:1,000-1:10,000 cell ability to form subcutaneous
xenografts in NOG mice, (3) capable of serial self-renewal in sub-cutaneous xenografts
assays, (4) ability to form subcutaneous xenograft tumors with adenocarcinoma
histomorphology. Additionally, CCIC were also noted to express LGRS, NOTCH 1,2
receptors, JAG1, DLL4 and nuclear B-catenin (consistent with expression of WNT target
genes such as CD44 andlLGRS5). CCR9/ALDHI1 co-expressing cells are also observed.

[61] Primary CRC culture. Primary CRC culture used the method of collagenase
/dispase enzyme digestion with slight modification. Fresh samples of CRC were collected in
DMEM/F12 supplemented with 10% FBS and 2% penicillin/streptomycin, immediately after
patient operative resection. Tissue was dissected free of fat and blood clots and rinsed 5 times
with PBS supplemented with 2% penicillin/streptomycin. Then tissue was minced into
approximatelyl mm fragments and digested in DMEM/FF12 containing collagenase type XI
(150 U/ml, Sigma, St. Louis, MQ), dispase neutral protease (40 pg/ml, Roche Applied
Science) and 1% FBS, stirring at 37°C for 30 min. After centrifugation, cells were re-
suspended in the CCIC culture medium containing 5% FBS, 1% penicillin/streptomycin and
cultured in the ultra-low-attachment flashes for a short time (1-2 passages), then the cell
culture was shifted into complete CCIC medium without FBS. FACS with ESA was used to
purify CRC and cells within 5 passages were used for following experiments.

[62] CCRO9 constitutive and inducible knockdown;Snail or CD26 knockdown in
CCIC and NOTCH reporter CCIC. The lentiviral vector pEco-CMV-H1-shRNA-GFP
encoding a shRNA hairpin sequence (CCR9: 5’-CTTGTACTGGCTCGTGTTCAT SEQ ID
NO:14; Snail: 5’-GAGCTGCAGGACTCTATCCA SEQ ID NO:15; CD26: 5’-
CATTCCTACACAGCTTCATAT SEQ ID NO:16) was used for CCR9, Snail or CD26
expression knockdown and the lentiviral vectors pEco-CMV-H1-GFP (GenTargetlnc, San
Diego, CA) and pEco-CMV-H1-scrambled-shRNA-GI'P served as controls. To generate the
lentiviral vectors, the above plasmids were transfected into HEK293T cells with the
Genetargetlentivirus packaging mix (GenTargetlnc, San Diego, CA) according to the
manufacturer’s protocol. For CCR9Y tetracycline inducible knockdown, the same shRNA

hairpin sequence against CCR9 gene was inserted into pLenti-H1-shRNA-RSV (GFP-Puro)
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vector (GenTargetlnc, San Diego, CA) and packaged into lentivirus particles, which were
used together with another TetR expression lentivirus (RFP-Bsd)(GenTargetlne, San Diego,
CA) to infect CCICs. After antibiotic selection and GFP/RFP dual FACS purification, the
CCRY shRNA knockdown can be induced bylug/ml (in vitro) or Img/ml (in vivo)
doxycycline. NOTCH signaling reporter CCIC was generated by infecting CCIC with
pCignallenti RBP-Jk Reporter (GFP) ready lentivirus (SABiosciences, Inc.). After infecting
CCIC lines with these lentiviral vectors, stable knockdown clones were obtained through
antibiotic selection of blasticidin (Invitrogen, Carlsbad, CA). The efficiency of the CCRY,
SNAIL or CD26 knockdown in CCIC was verified by Western Blotting and efficiency of
NOTCH signaling reporter was tested by 2 pg/ml Jagged-1 (AnaSpec) treatment following by
GFP-FACS sorting.

[63] CCIC xenograft tumor formation in colon/intestine and other organs. 0.5-1 x
10°CCIC or common CRC cells were injected into 6-8 weeks old non-obese diabetic/severe
combined immunodeficient (NOD/SCID) mice (Jackson Laboratory, Bar Harbor, Maine) by
tail vein injection. Tumor incidence was monitored 2-3x weekly. When mice became
moribund, they were sacrificed immediately, necropsy performed and tumors harvested using
a dissecting microscope. For ex vivo GFP imaging of tumor tissues, lentiviral infection by the
pEco-CMV-GIP vector was used to generate CCIC lines that stably express GIP and
maintained in puromycin selection. 10° of these fluorescent CCIC were systemically injected
as described above. Intestinal tissues harvested at the time of sacrifice were analyzed for GFP
expression with Cri Maestro Imaging Systems (Cambridge Research & Instrumentation Inc,
Woburn, MA).

[64] For the CCR9 study, native CCICs, CCICs with CCR9, Snail (SNAL1) or
CD26 knockdown (or commonly used CRC cell lines such as HCT116, etc. as indicated),
CCR9+ CCIC with CCR9Y inducible knockdown were intravenously inoculated into the 6-8
weeks old NOD/SCID mice by tail vein. Mice that became moribund were sacrificed
immediately, whereas the rest were closely monitored for 16 weeks before sacrifice. To test
whether CCL25 antibody could inhibit the CCL25-CCR9 GI homing mechanism in vivo, a
dose of 100 ug goat anti-mouse CCL25 neutralization antibody (R&D systems, Cat# AF-481-
NA), was IP administrated to each mouse twice (the same dose and schedule as used in). As a
negative control, a dose of 100 ug Goat IgG (R&D systems) was administered to each mouse
in the control group. Then 1 x 10°CCIC were injected into the mice 8 hours after or with the

injection of the antibody. To test whether extra-GI metastasis is induced by CCR9/CCL25
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signaling blockade, CCL25 neutralization antibody with the same dose was [P administrated
to each mouse every three days or 1 mg/ml doxycycline in drinking water was given to mice
every other days starting from the fourth week after CCIC inoculation until mice get
moribund.

[65] Genomic DNA extraction and semi-quantitative PCR. Genomic DNA from
CCIC culture, lung and intestinal adenomas normal tissues, or mouse tail was extracted using
a tissue DNA extraction kit (Qiagen, Valencia CA). Semi-quantitative PCR was done
followed by DNA gel electrophoresis. Human centromeric repeat loci were used as markers
to detect human cells in harvested mouse tissues. Primer sequence pairs used are (1) 5’-
GAGTGCACATTCAGACAAGACCC-3’ (SEQ ID NO:4) and 5°’-
CCATTAGAGAGCTTTCCTCATTGC-3’(SEQ ID NO:5) or (2) 5°-
CGTGTGTTTTTGGTTACTTCTCCCC- 3’ (SEQ ID NO:6) and 5°-
CTTAGCCATTGCCCATTGATGGA- 3’ (SEQ ID NO:7).

[66] Quantitative real-time PCR. Total RNAs from cells were extracted by using
RNeasy Kit (Qiagen, Valencia CA). 2 pg of total RNAs were reverse-transcribed into cDNA
by using RT first stand kit (SA Biosciences) and RNA levels, normalized to GAPDH as the
comparative CT (cycling threshold)= CT (target)- CT (control), were analyzed by the iCycler
(Bio-Rad). Primer pairs used are (1) GAPDH 5’-ACAGTCAGCCGCATCTTCTT-3’ (SEQ
ID NO:8) and 5’-AATGAAGGGGTCATTGATGG-3’; (SEQ ID NO:9) (2) HES 15°-
ACGACACCGGATAAACCAAA-3’ (SEQ ID NO:10) and 5°-
CGGAGGTGCTTCACTGTCAT-3’; (SEQ ID NO:11) (3) CCR9 5°-
CACAGACTTCACAAGCCCTA-3 (SEQ ID NO:12) and 5’-
GTACAAGGGTGGGAGGAAAT-3’ (SEQ ID NO:13).

[67] Transwell migration assay. Transwell Boyden chambers (BD Pharmingen
Mountain View, CA) of 8-pum pore size were used to evaluate primary CRC cell and CCIC
migration in vitro. Primary CRC cells or CCICs were seeded at a density of 5 x 10° per well
into the upper chamber. CCIC culture medium as described above with 100 ng/ml
recombinant mouse CCL25 protein (R&D systems Inc; Minneapolis, MA) or 5% FBS was
loaded into the lower chamber. Chambers of cells were incubated in 37°C and 5 % CO,
conditions for 8-12 hours. At the time of harvest, cells remaining inside the upper chambers
were removed while cells attached to the lower surface of the membrane were fixed and

stained with hexamethylpararosaniline chloride (Crystal violet) (Sigma, St Louis, MO) or
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immunofluorescence staining with anti-CCR9 or CEA antibodies, followed by imaging
analyses.

[68] SmartChip RT-PCR Procedures and Functional Analysis. Early stage CCIC
were FACS sorted into CCR9+ and CCR9- subpopulations. 24 hours afterwards, cells were
treated with100ng/ml human CCL25 for 30 min. RNA was extracted from both populations
using PureLink RNA Mini kit (Invitrogen) and analyzed using the SmartChip Real-Time
PCR System (WaferGen Biosystems, Fremont, CA). Briefly, cDNA was prepared using 1 ug
of total RNA per sample per manufacturer’s recommendation. A PCR cocktail containing
SYBR Green I dye and the equivalent of 1000 ng of starting RNA for each sample was
loaded onto the SmartChip Human Oncology V2 Panel (containing 1,296 unique real-time
PCR reactions in quadruplicate for a total of 5,184 reactions/sample). The volume was 100
nl. with an equivalent of 96 pg of RNA loaded per reaction. Forty cycles of real-time PCR
were performed on the SmartChip Cycler collecting both raw Ct and Tm of each gene and
sample for data analysis. A data quality screen on amplification, Tm curves, and Ct and Tm
variability was performed to remove any outlier data. All-means normalization was
performed on quadruplicate PCRs and delta-delta Ct calculations were used to determine fold
change in expression. Genes either with a log2 fold change by a factor of greater than 1.8
(that correlates to ~3.3 fold or higher), or expressed in only one sample with min raw of Ct of
24.99 were deemed significantly differentially expressed between CCR9- and CCR9+ early
stage CCIC cells.

[69] Statistics Summary. All experiments were done with four to eight samples per
group, unless otherwise indicated, and all results were derived from at least five independent
experiments. Values are expressed as mean + SEM. Por Student’s t test, a 2-tailed test was
used.

[70] A p value less than 0.05 was considered significantly. Statistical calculations
were performed with the Statistical Package for the Social Sciences version 11.5 software

(SPSS Inc, Chicago, IL) or GraphPad. The statistical test used for each figure or table panel is

indicated.
Mean Gl Tumor Mean Gl Ex-Gl Tumor Mean Ex-Gl
Progression Incidence Tumors / Incidence Tumors/Mouse
(weeks) (%) mouse (%)
Early Stage 62 8.6 73.3 3.7 35.6 126.0
CCIC
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Late Stage 11 6.5% O* O* 91.0* 71.1%
CCIC
Non-CCIC 24 11.8% 0* 0* 20.0%* 66.2%
CRC lines
[71] Table 1. CCIC and common CRCs form orthotopic xenograft tumors in mouse

intestine, colon and other sites. colon/intestine and ex-GI tumors from mice injected with

cells by tail vein. Asterisks denote statistically significant differences among CRC cell lines

SW480 and LoVo, early and late stage CCIC as determined by one way ANOVA. * P< (.01

compared to early stage CCICs.

Mean Gl Tumor Mean Gl Ex-Gl Tumor Mean Ex-Gl
Progression Incidence Tumors / Incidence Tumors/Mouse
(weeks) (%) mouse (%)
CCRO9+ 8 9.4 75.0% 3.8% 25.0 8.3%
CCRY- 3 10.0 12.5 0.25 87.5 75.6

Anti-CCL.25° 6 11.3 28.5 1.1% 100.0 95.9

(Pre-injection)

Control IgG 6 9.2 83.3 3.0 83.3 77.5
CCROKD " 7 13.0% 14.3% 0.3* 85.7 105.0%
Control 7 9.6 100.0 3.7 71.4 82.5
shRNA

“anti-CCL25 (pre-injection) means mice were IP injected with anti-CCL25 neutralization
antibody before and concurrent with CCSC tail vein injection.

®CCIC with CCR9 shRNA knockdown were tail vein injected in mice.

[72] Table 2.CCR9/CCL25 is required for CCIC colon/intestine tumor formation.
mice injected with early stage CCIC.Rows1-2:Mice injected with CCR9+ CCIC or CCR9-
CCIC (*P<0.001 for Row 1-2 comparison). Rows 3-4: Anti-Ccl25 antibody reduces GI tumor
incidence (*P<0.05 for row 3-4 comparison). Rows 5-6: CCR9 shRNA lentiviral knockdown
(KD) reduces GI tumor incidence and multiplicity, and increases ex-GI multiplicity (*P <

0.01 for row 5-6 comparison).
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Mean Gl Tumor Mean Gl Ex-Gl Tumor Mean Ex-Gl
Progression Incidence Tumors / Incidence Tumors/Mouse
(weeks) (%) mouse (%)

Anti-CCL25% 7 7.9 71.4 2.4 42.8* 2.9%
(post injection)

Control IgG 7 8.7 85.7 33 0 0

GCR9" 8 8.1 62.5 22 50.0%* 3.4%

Inducible KD

Control 8 8.9 817.5 32 12.5 0.2

shRNA

“anti-CCL25 (post injection) means mice were IP injected with anti-CCL25 neutralization
antibody three weeks after CCR9+ CCIC tail vein injection.

PCCR9+CCIC with CCRY inducible SIRNA were tail vein injected in mice and CCR9
knockdown were generated in vivo by administration of doxycycline three weeks later.

[73] Table 3. BlockingCCR9/CCL25 signaling after intestinal tumor formation
increases metastasis. Mice injected with early stage CCIC. Top, after three weeks to allow GI
tumors to form from injected CCR9+ early stage CCIC, mice were IP injected with 100
pg/mouse goat anti-mouse CCL25 neutralization antibody or goat control IgG every three
days until moribund. The mice in anti-CCL25 groups formed extra-intestinal metastatic
tumors in abdominal tissues, pancreas, kidney and liver (¥P<0.001 statistically significant
different to goat control IgG treatment, row 2). Bottom, after 3 weeks to allow GI tumors to
form from injected CCR9+ early stage CCIC carrying either doxycycline regulatable anti-
CCRO or control shRNA, 1mg/ml doxycycline in drinking water was given to the mice every
other day until moribund to induce CCR9 knockdown in tumor cells. The mice with
inducible CCR9 knockdown formed extra-intestinal metastatic tumors in abdominal tissues,
pancreas, kidney and liver (*P < 0.001). Also see Figures 6 and 7.

[74] Immunohistochemistry For mouse experiments, histology and
immunohistochemistry were performed on paraffin-embedded or frozen sections from
xenograft tumors. Intestinal, extra-GI tumor and corresponding normal tissues were snap
frozen in OCT (Fisher Scientific, Pittsburgh, PA) and fixed in 10 % buffered formalin
followed by paraffin embedding. For immunofluorescence, sections were immunostained
with antibodies, counterstained with 4,6-diamidino-2-phenylindole (DAPI). H+E adjacent
sections were used for comparison.

[75] Immunocytochemistry. Cells were fixed with mixture of acetone and methanol
(1:1) at -20°C for 20 min, then rinsed three times with PBS. Following cells were incubated

in a blocking solution (5% BSA or normal serum (goat, rabbit or horse) and 0.1% Triton-X in
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PBS) for 1 hour. For single or co-immunofluorescence staining, primary antibodies diluted in
blocking solution were added overnight at 4°C overnight. To ensure specificity, a no primary
antibody control staining was performed. The slides were then washed in PBS and incubated
with the appropriate secondary antibody for 1 hour at room temperature and
counterstained/mounted with Vectashield containing DAPI (Vector Laboratories). Images
were acquired on an inverted fluorescence microscope (Nikon Eclipse ES00, Morrell
Instruments). Ariol SL-50imaging software (Applied Imaging Instruments) was used to
quantify biomarker staining. At least n=100 cells from three independent staining
experiments were analyzed. Data are presented as means + SEM and the significance was
tested with the Student t test.

[76] Fluorescent activated cell sorting (FACS) analysis FACS with anti-epithelial
specific antigen (ESA, BD Pharmingen #347197) antibody was used to purify primary CRC
cells or with anti-CCR9 antibody (BD Pharmingen Mountain View, CA) to sort CCR9+ and
CCRO- CCIC. Cells were first incubated with anti-human CCR9 antibody for 30 minutes on
ice and then were washed in 1% BSA/PBS buffer. FACS was then used to separate CCIC
into CCR9 positive and negative sub-groups by signal intensity gating. Approximately 6-8
hours after sorting, CCR9+ and CCR9- subsets from 1x 10° CCIC were inoculated into two
mice by tail vein injection and monitored as described above. GFP-NOTCH FACS sorting
was performed as described (44).

[77] Western Blotting. Isolated mouse intestine, lung tissues, cultured CCIC, or
ATCC CRC cell lines were homogenized in RIPA buffer and complete protease inhibitor
cocktail (Roche Applied Science, Indianapolis, IN)] with brief sonication on ice, and
centrifuged for 5 minutes at 14,000 r.p.m to remove large debris. Protein concentration of the
supernatant was determined by Bradford protein assay (Bio-Rad Laboratories Inc, Hercules,
CA). Fifty micrograms of protein derived from tissue or cell lysates were separated by SDS-
PAGE and transferred to polyvinylidenedifluoride membranes. Following blocking,
membranes were probed with primary antibodies to determine different levels of protein
expressions. Specific antibodies targeting CCR9 (Abcam, Cambridge, MA), CCL25 (R&D
systems Inc; Minneapolis, MA, Cat# AF-481-NA), AKT (Cell Signaling, Inc, Cat# 9272),
phospho-AKT (ser 473, Cell Signaling, Inc, Cat# 9271), phospho-AKT (thr 308, Cell
Signaling, Inc, Cat# 9275), GSK-3p (Cell Signaling, Inc, Cat# 9315), phosphor-GSK-3f3
(Cell Signaling, Inc, Cat# 9336), NICD (R&D Systems, Cat# AF3647), HESI (Santa Cruz,
Cat# sc-13842), Snail (Cell Signaling, Cat# 3879), CD26 (Calbiochem, Cat# IM1004) were
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used, and anti-actin antibody (Santa Cruz Biotechnology Inc, Santa Cruz, CA, Cat# sc-1616-
R) was used as internal controls. Immunoreactive antibody-antigen complexes were
visualized with the enhanced chemiluminescence reagents from GE Healthcare (Uppsala,
Sweden). The software of Quantity One (BioRad) was used to semi-quantify protein levels in
western.

[78] Generation of CCR9 constitutive expression CRC line. The SureTiter TM
lentivector (Gen'Target Inc, San Diego, CA) in which the sub-cloned human CCR9 ORF
sequence (gene ID: NM_006641) and a firefly luciferase gene were under control of CMV
promoter was used to generate constitutively CCR9 expressing cell lines. To generate the
lentiviral particles, the above plasmids were transfected into HEK293T cells with the
Genetarget lentivirus packaging mix (GenTarget Inc, San Diego, CA) according to the
manufacturer’s protocol. The common used CRC line HCT116 was infected with lentivirus
and positive cells selected by antibiotic.

[79] Luciferase imaging in whole animal or ex vivo tissues: Fach NOG mouse was
tail vein injected with 0.5x106 CCR9 constitutively expressing or scrambled control HCT116
cells and tumor formation was determined by luciferase-IVIS imaging system every 3 days
For luciferase imaging, D-luciferin of 1.5mg/10g body weight was intra-peritoneally injected
into mice and 10 min later, luciferase imaging (Xenogen IVIS-200) was applied on whole-
mouse body or ex vivo tissues.

[80] Cell proliferation assay. CCR9+ primary CRC and CCIC were FACS sorted
and seeded in ultro-low attachment 24-well plates for 12 hours. 100ng/ml human CCL25,
1pg/ml CCRO neutralizing antibody (R&D systems Inc;), 2 pM pan-AKT inhibitor
Triciribine (Sigma) or control goat IgG were added into culture medium and cells were
continued to incubate for 36 hours. The cellular ATP (adenosine triphosphate) levels were
measured to quantify cell proliferation and viability using the VialLightPlus Kit (Lonza
Rockland, Inc.) and GloMax-20/20 Single-Tube Luminometer (Promega) per manufacture
instructions.

[81] All experiments were done with four to eight samples per group, unless
otherwise indicated, and all results were derived from at least five independent experiments.
Values are expressed as mean + SEM. For Student’s t test, a 2-tailed test was used.

[82] A p value less than 0.05 was considered significantly. Statistical calculations

were performed with the Statistical Package for the Social Sciences version 11.5 software
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(SPSS Inc, Chicago, IL) or GraphPad. The statistical test used for each figure or table panel is

indicated.
[83] Table 4: Primary human colorectal cancers used for CCR9 FACS,
chemotaxis, p-AKT and cell proliferation analyses
ID | Age Gender | Stage Histopathology Assays” | ‘
1 81 M I Adenocarcinoma, FACS/
moderately p-AKT/
differentiated chemotaxis
2 74 M I Adenocarcinoma, FACS/
moderately p-AKT/
differentiated chemotaxis
3 70 F I Adenocarcinoma, well FACS/
to moderately p-AKT/
differentiated chemotaxis
) 86 F II Adenocarcinoma, well FACS/
to moderately chemotaxis
differentiated
5 58 M II Adenocarcinoma, well FACS/
to moderately chemotaxis
differentiated
6 63 M I Adenocarcinoma, well FACS/
to moderately chemotaxis
differentiated
7 59 F II Adenocarcinoma, FACS/
poorly differentiated | chemotaxis
8 90 F II Adenocarcinoma, FACS/
poorly differentiated | Proliferation
9 85 M I Adenocarcinoma, FACS/
poorly differentiated | Proliferation
10 |40 M II Adenocarcinoma, FACS
poorly differentiated

a
The primary CRC cells were used for the assays of FACS, chemotaxis function, AKT phospholation
or cell proliferation.

[84] Table 5: Colorectal Cancer Initiating Cell Lines used for multiple analyses
ID Age | Gender | Stage Histopathology Assays” |
(early 57 M I Adenocarcinoma, FACS/ Mouse/ p-AK'T/
stage) well to moderately | Chemotaxis/
CCIC1 differentiated Proliferation / Western/
Q-PCR/
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Microarray

(early 51 IT Adenocarcinoma, FACS/ Mouse/ p-AK'T/

stage) well differentiated | Chemotaxis/

CCIC2 Proliferation / Western/
Q-PCR

(early 74 I Adenocarcinoma, FACS/

stage) well to moderately | Mouse/

CCIC3 differentiated Western

(late 54 I Adenocarcinoma, FACS/

stage) moderately Mouse/

CCIC1 differentiated Chemotaxis/
Western

(late 61 v Carcinoma, poor to | FACS/

stage) moderately Mouse/

CCIC2 differentiated (liver | Western

metastasis)

a
The CCIC cells were used for the assays of FACS, in vivo mouse study, chemotaxis function, AKT phospholation,

cell proliferation, western blot, quantative PCR, or micro-array.

[85] While the disclosure has been particularly shown and described with reference

to specific embodiments (some of which are preferred embodiments), it should be understood

by those having skill in the art that various changes in form and detail may be made therein

without departing from the spirit and scope of the present disclosure as disclosed herein.
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WHAT IS CLAIMED IS:
1. A method for making an orthotopic tumor capable of metastasizing comprising:

a) introducing into a non-human mammal a plurality of cancer cells, wherein the
cancer cells contain an expression vector, wherein the expression vector comprises an

inducible promoter that controls expression of:

i) an shRNA targeted to a chemokine receptor mRNA, and wherein the cancer

cells express the chemokine receptor endogenously; or

i) the chemokine receptor, wherein the cancer cells do not express the chemokine
receptor endogenously, and inducing expression of the chemokine receptor for a period of

time sufficient for the cancer cells to form the orthotopic tumor in the non-human mammal.

2. The method of claim 1, wherein the cancer cells are human cancer cells, and/or

wherein the chemokine receptor is a human chemokine receptor.

3. The method of claim 1, i), further comprising inducing the expression of the ShRNA
such that the orthotopic tumor metastasizes; or the method of claim 1, ii), further comprising
stopping the inducing and allowing passage of a period of time during which the expression

of the chemokine receptor is not induced, subsequent to which the orthotopic tumor

metastasizes.
4, The method of claim 3, wherein the cancer cells are colorectal cancer cells.
5. The method of claim 4, wherein the colorectal cancer cells are human colorectal

cancer cells.

6. The method of claim 4, wherein the orthotopic tumor forms in the gastrointestinal
tract.

7. The method of claim 5, wherein the orthotopic tumor forms in the gastrointestinal
tract.

8. The method of claim 3, wherein the tumor metastasizes to liver and/or lungs of the

non-human mammal.
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9. The method of claim 2, wherein the human chemokine receptor is human

Chemokine Receptor 9 (CCRY).

10. The method of claim 5, wherein the chemokine receptor is human Chemokine

Receptor 9 (CCRY).

11. A non-human mammal comprising an orthotopic tumor, wherein the orthotopic

tumor comprises the cancer cells of claim 1.

12. The non-human mammal of claim 11, wherein the cancer cells of claim 1 are human

cancer cells.

13. The non-human mammal of claim 12, wherein the human cancer cells are
colorectal cancer cells, and wherein the chemokine receptor is human Chemokine Receptor 9

(CCRDY).

14.  The non-human mammal of claim 11, wherein the orthotopic tumor has metastasized
to lungs and/or liver of the non-human mammal, and wherein expression of the shRNA is

induced.

15. A kit for use in making the orthotopic tumor of claim 1 comprising at least one
container, the container comprising an expression vector, wherein the expression vector

comprises an inducible promoter that controls expression of:
i) an shRNA targeted to a human chemokine receptor mRNA; or
ii) the human chemokine receptor;

the kit further comprising printed material providing instructions for inducing expression of
the shRNA or the human chemokine receptor in cancer cells into which the expression vector
is introduced, wherein the cancer cells are capable of forming an orthotopic tumor when
introduced into a non-human mammal, metastasis of which can be controlled by modulating

expression of the shRNA or the human chemokine receptor using an inducer.

16. The kit of claim 15, wherein the container further comprises cancer cells comprising
the expression vector, and wherein the printed material further comprises instructions for

introducing the cancer cells into a non-human mammal for forming the orthotopic tumor.
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17. The kit of claim 16, wherein the cancer cells are human cancer cells, and wherein the

chemokine receptor is human Chemokine Receptor 9 (CCR9).
18. The kit of claim 16, further comprising in a second container the inducer.

19. A method for determining whether a test agent is a candidate for inhibition of
metastasis comprising providing a non-human animal of claim 11, allowing metastasis of the
orthotopic tumor, and after a period of time measuring metastasis from the orthotopic tumor,
wherein a reduction of metastasis relative to a control indicates that the test agent is a

candidate for use as an inhibitor of metastasis.

20. The method of claim 19, wherein the human cancer cells express human Chemokine
Receptor 9 (CCRY), and wherein the metastasis of the orthotopic tumor occurs subsequent to
inducing the shRNA targeted to the CCR9, or subsequent to stopping inducing expression of
the CCRY.
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