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tissue in an animal. In one embodiment the method comprises administering
~~~~~ to the animal a therapeutically eftective amount of a compound that reduces
the number of B cells, and/or the function of B cells, in the tissue. In yet an-
other embodiment, the invention provides methods for reducing androgen-in-
duced growth of prostate epithelial cells in prostate tissue in an animal. In
one embodiment, the method comprises administering to the animal a thera-
peutically effective amount of a compound that reduces the number of B
cells, and/or the function of B cells, in the tissue.
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METHODS FOR INHIBITING PROSTATE CANCER

CROSS-REFERENCE TO OTHER APPLICATIONS
This international application claims priority to co-pending U.S. provisional
Application Serial No. 61/438,052, filed January 31, 2011, the contents of which are

incorporated by reference in their entirety.

GOVERNMENT INTEREST
This invention was made with government support under grant No. R01 CA127923-
01 awarded by National Institutes of Health. The government has certain rights in the

invention.

FIELD OF THE INVENTION

The invention provides methods for reducing growth and/or metastasis of androgen-
independent (castration resistant) prostate cancer in a tissue in an animal. In one embodiment
the method comprises administering to the animal a therapeutically effective amount of a
compound that reduces the number of B cells, and/or the function of B cells, in the tissue. In
yet another embodiment, the invention provides methods for reducing androgen-induced
growth of prostate epithelial cells in prostate tissue in an animal. In one embodiment, the
method comprises administering to the animal a therapeutically effective amount of a

compound that reduces the number of B cells, and/or the function of B cells, in the tissue.

BACKGROUND OF THE INVENTION

Prostate cancer (CaP) progresses from prostatic
intraepithelial neoplasia through locally invasive
adenocarcinoma to castration resistant (CR) metastatic
carcinoma’. Although radical prostatectomy, radiation and
androgen ablation are effective therapies for androgen-
dependent (AD) CaP, metastatic CR-CaP is a major complication
with high mortalityz. Androgens stimulate growth and survival
of prostate epithelium and early CaP. Although most patients
initially respond to androgen ablation, many develop CR-CaP
within 12-18 months?. Despite extensive studies, the mechanisms

underlying CR-CaP emergence remain poorly understood and their
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elucidation is critical for development of improved therapies.
Curiously, CR-CaP remains androgen receptor (AR) dependent and
potent AR antagonists induce tumor regression in castrated
mice®. The role of inflammation in CR-CaP has not been
addressed, although i1t was reported that intrinsic NF-xB
activation supports its growth®. Inflammation is a localized
protective reaction to injury or infection, but it alsc has a
pathogenic role in many diseases, including cancer’®. Whereas
acute inflammation is critical for host defense, chronic
inflammation contributes to tumorigenesis and metastatic

progression. The inflammation-responsive IkB kinase (IKK) P

and its target NF-xB have important tumor promoting functions
within malignant cells and inflammatory cells®. The latter,
including macrophages and lymphocytes, are important elements
of the tumor microenvironment’ ?, but the mechanisms underlying
their recruitment remain obscure, although thought to depend
on chemokine and cytokine productionw.

Currently, the common way of treating primary non-metastatic prostate cancer entails
treatment with anti-androgen drugs (so called chemical castration). In addition, surgical
removal or radioablation are also practiced. While these procedures are effective, a major
problem is the re-emergence of androgen independent cancer a few years later. Thus, what

are needed are methods to reduce (including delay and/or complete inhibition of) the re-

emergence of hormone resistant cancer, and/or regeneration of normal tissue.

SUMMARY OF THE INVENTION

The invention provides a method for reducing one or more of (a) growth of castration
resistant prostate cancer (CaP) cells in a tissue and (b) metastasis of castration resistant
prostate cancer (CaP) cells in a tissue, in a mammalian subject in need thereof, comprising
administering to the subject a therapeutically effective amount of a compound that reduces
one or more of (i) the number of B cells in the tissue, and (ii) the function of B cells in the
tissue. In one embodiment, the method further comprises detecting a reduction in one or more
of a) growth of the castration resistant prostate cancer (CaP) cells, b) the metastasis of

castration resistant prostate cancer (CaP), ¢) the number of the B cells in the tissue, and d) the
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function of the B cells in the tissue. In another embodiment, the compound reduces the
number of B cells in the tissue. In a further embodiment, the compound inhibits specific
binding of lymphotoxin (LT) to lymphotoxin (LT) receptor. In an alternative embodiment,
the compound comprises antibody that specifically binds to lymphotoxin-f. In a further
embodiment, the compound comprises LTPR-Ig. In an alternative embodiment, the
compound reduces the level of expression of lymphotoxin-p. In one embodiment, compound
comprises MLL120B and/or IKK2 VI inhibitor. In yet another embodiment, the compound
comprises an antibody that specifically binds to a B cell chemoattractant, exemplified by
antibody that specifically binds to CXCL13. In a further embodiment, the compound
comprises antibody that specifically binds to CD20 and/or CD19. In an alternative
embodiment, the compound reduces one or more function of B cells, as exemplified by an
IKKp inhibitor, such as MI.120B and/or IKK2 VI inhibitor and/or PS-1145 dihydrochloride
and/or BMS-345541 and/or LC-1. In a further embodiment, the method further comprises
administering to the subject STAT and/or an IKKa inhibitor. In a preferred embodiment, the
subject is human. In one embodiment, prior to and/or after the step of administering, the
tissue in the subject has received one or more treatment selected from the group consisting of
surgery, radioablation, and treatment with an anti-androgen compound. In another
embodiment, the step of administering is prior to and/or after detecting a symptom of one or
more of (a) the growth of castration resistant prostate cancer (CaP) cells in the tissue, and (b)
the metastasis of castration resistant prostate cancer (CaP) cells in a tissue.

The invention also provides a method for reducing androgen-induced growth of
prostate epithelial cells in a mammalian subject in need thereof, comprising administering to
the subject a therapeutically effective amount of a compound that reduces one or more of (i)
the number of B cells in the tissue, and (ii) the function of B cells in the tissue. In one
embodiment, the method further comprises detecting a reduction in one or more of a)
androgen-induced growth of the prostate epithelial cells, b) the number of B cells in the
tissue, and c) the function of B cells in the tissue. In another embodiment, the compound
reduces the number of B cells in the tissue. In a further embodiment, the compound inhibits
specific binding of lymphotoxin (LT) to lymphotoxin (LT) receptor. In an alternative
embodiment, the compound comprises antibody that specifically binds to lymphotoxin-f. In
a further embodiment, the compound comprises LTBR-Ig. In an alternative embodiment, the
compound reduces the level of expression of lymphotoxin-f. In one embodiment, compound
comprises ML120B and/or IKK2 VI inhibitor. In yet another embodiment, the compound

comprises an antibody that specifically binds to a B cell chemoattractant, exemplified by
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antibody that specifically binds to CXCL13. In a further embodiment, the compound
comprises antibody that specifically binds to CD20 and/or CD19. In an alternative
embodiment, the compound reduces one or more function of B cells, as exemplified by an
IKKp inhibitor, such as ML120B and/or IKK2 VI inhibitor and/or PS-1145 dihydrochloride
and/or BMS-345541 and/or LC-1. In a further embodiment, the method further comprises
administering to the subject STAT and/or an IKKa inhibitor. In a preferred embodiment, the
subject is human. In one embodiment, prior to and/or after the step of administering, the
tissue in the subject has received one or more treatment selected from the group consisting of
surgery, radioablation, and treatment with an anti-androgen compound. In another
embodiment, the step of administering is prior to and/or after detecting a symptom of one or
more of (a) the growth of castration resistant prostate cancer (CaP) cells in the tissue, and (b)

the metastasis of castration resistant prostate cancer (CaP) cells in a tissue.

DEFINITIONS

The terms "reduce” and "inhibit" when in reference to the level of any molecule,
and/or phenomenon (e.g., cancer, metastasis, disease symptoms, cell growth, cell death, cell
apoptosis, cell viability, cell survival, cell number, B cell immune function, level of
expression, level of activation of an enzyme such as IKKa and IKK, specific binding of an
antigen to its receptor, efc.) in a first sample relative to a second sample, mean that the
quantity of molecule and/or phenomenon in the first sample is lower than in the second
sample by any amount that is statistically significant using any art-accepted statistical method
of analysis. “Reducing” a phenomenon (e.g., cancer, , metastasis, disease symptoms, cell
growth, cell death, cell apoptosis, cell viability, cell survival, cell number, B cell immune
function, , level of expression, level of activation of an enzyme such as IKKa and IKKS,
specific binding of an antigen to its receptor, ezc.) also, or in the alternative, refers to
delaying, palliating, ameliorating, stabilizing, preventing and/or reversing the phenomenon
and/or one or more symptoms associated with the phenomenon. In one embodiment, the
reduction may be determined subjectively, for example when a patient refers to their
subjective perception of disease symptoms, such as pain, nausea, tiredness, efc. In another
embodiment, the quantity of molecule, cell, and/or phenomenon in the first sample (or in the
first subject) is lower by any numerical percentage from 5% to 100%, such as, but not limited
to, from 10% to 100%, from 20% to 100%, from 30% to 100%, from 40% to 100%, from
50% to 100%, from 60% to 100%, from 70% to 100%, from 80% to 100%, and from 90% to

100% lower than the quantity of the same molecule, cell and/or phenomenon in the second
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sample (or in the second subject). In one embodiment, the first sample (or the first subject) is
exemplified by, but not limited to, a sample (or subject) that has been manipulated using the
invention’s compositions and/or methods. In a further embodiment, the second sample (or
the second subject) is exemplified by, but not limited to, a sample (or subject) that has not
been manipulated using the invention’s compositions and/or methods. In an alternative
embodiment, the second sample (or the second subject) is exemplified by, but not limited to,
a sample (or subject) that has been manipulated, using the invention’s compositions and/or
methods, at a different dosage and/or for a different duration and/or via a different route of
administration compared to the first subject. In one embodiment, the first and second
samples (or subjects) may be the same, such as where the effect of different regimens (e.g., of
dosages, duration, route of administration, etc.) of the invention’s compositions and/or
methods is sought to be determined on one sample (or subject). In another embodiment, the
first and second samples (or subjects) may be different, such as when comparing the effect of
the invention’s compositions and/or methods on one sample (subject), for example a patient
participating in a clinical trial and another individual in a hospital. As used herein the terms
"therapeutically effective amount” and “protective amount” of a composition with respect to
prostate cancer refer to, in one embodiment, an amount of the composition that delays,
reduces, palliates, ameliorates, stabilizes, prevents and/or reverses one or more symptoms of
prostate cancer compared to in the absence of the composition of interest. Examples include,
without limitation, primary and/or metastatic tumor size, primary and/or metastatic tumor
number, pain, nausea, weight loss, efc. Specific dosages can be readily determined by
clinical trials and depend, for example, on the route of administration, patient weight (e.g.
milligrams of drug per kg body weight). Moreover, the dosage range for anti-B cell
compounds, such as rituximab, ocrelizumab and ofatumumab antibodies (for which there is
ample clinical trial information) provides a good working dose, from which one of skill in the
art may increase or decrease the dose based on effectiveness. The term "delaying" symptoms
refers to increasing the time period between exposure to the compound and the onset of one
or more symptoms of the disease. The term "eliminating" symptoms refers to 100%
reduction of one or more symptoms of the disease.

The term "administering" a compound to an animal includes introducing the
compound prophylactically (i.e., before the observation of one or more disease symptoms)
and/or therapeutically (i.e., after the observation of one or more disease symptoms).
Administration also may be concomitant with (i.e., at the same time as, or during)

manifestation of one or more disease symptoms. Also, the invention's compounds may be
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administered before, concomitantly with, and/or after administration of another type of drug
or therapeutic procedure (e.g., surgery such as castration, chemotherapy, radiotherapy, etc.).
Methods of administering the invention's compounds include, without limitation,
administration in parenteral, oral, intraperitoneal, intranasal, topical (e.g., rectal), and
sublingual forms. Parenteral routes of administration include, for example, subcutaneous,
intravenous, intramuscular, intrastemal injection, and infusion routes.

An “anti-B cell” compound is a compound that reduces the number of B cells, the
recruitment of B cells, and/or the immune function of B cells.

“Mammalian subject” and “mammalian animal” interchangeably refer to any mammal
(e.g., humans, non-human primates, murines, ovines, bovines, ruminants, lagomorphs,
porcines, caprines, equines, canines, felines, aves, guinea pig, hamster, ferret, chinchilla,
mouse, cotton rat, efc.).

“Castration resistant prostate cancer,” “CaP,” “androgen-receptor dependent prostate
cancer,” “androgen-independent prostate cancer,” are used interchangeably to refer to
prostate cancer in which prostate cancer cells “grow” (i.e., increase in number) in the absence
of androgens and/or in the absence of expression of androgen receptors on the cancer cells.

“Metastasis" refers to the processes by which a cancer cell is translocated from a
primary cancer site (i.e., a location where the cancer cell initially formed from a normal,
hyperplastic or dysplastic cell) to a site other than the primary site, where the translocated cell
lodges and proliferates. “metastasis” also refers to the cancer that is located at a site other
than the primary cancer site.

“B cell function” refers to the level of expression of lymphotoxin on the cell surface
of B cells. Thus, reducing the function of B cells refers to reducing the level of expression of
lymphotoxin on the cell surface of B cells.

“B cell chemoattractant” refers to a compound that directs the movement of B cells in
the direction of the compound, and is exemplified by CXCL13.

“CXCL13” refers to “C-X-C motif chemokine 13” also known as B lymphocyte
chemoattractant (BLC), and is a small cytokine that in humans is encoded by the CXCLI3
gene. CXCL13 belongs to the CXC chemokine family, and is selectively chemotactic for B
cells belonging to both the B-1 and B-2 subsets, and elicits its effects by interacting with
chemokine receptor CXCRS.

"Specifically binds" and "specific binding" when made in reference to the binding of
antibody to a molecule (e.g., peptide) or binding of a cell (e.g., T-cell) to a peptide, refer to an

interaction of the antibody or cell with one or more epitopes on the molecule where the
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interaction is dependent upon the presence of a particular structure on the molecule. For
example, if an antibody is specific for epitope "A" on the molecule, then the presence of a
protein containing epitope A (or free, unlabeled A) in a reaction containing labeled "A" and
the antibody will reduce the amount of labeled A bound to the antibody. In one
embodiment, the level of binding of an antibody to a molecule is determined using the
“IC50” i.e., “half maximal inhibitory concentration” that refer to the concentration of a
substance (e.g., inhibitor, antagonist, etc.) that produces a 50% inhibition of a given
biological process, or a component of a process (e.g., an enzyme, antibody, cell, cell receptor,
microorganism, etc.). It is commonly used as a measure of an antagonist substance’s
potency.

“Lymphotoxin” (“LT”), also called tumor necrosis factor-B (TNF-B).is a lymphokine
released by antigen-stimulated lymphocytes, particularly cytotoxic T lymphocytes.

“Lymphotoxin receptor,” “LT receptor” and “LTBR” interchangeably refer to a
receptor that 1s expressed on the surface of most cell types, including cells of epithelial and
myeloid lineages, but not on T and B lymphocytes. LT receptor specifically binds the
lymphotoxin membrane form (a complex of lymphotoxin-alpha and lymphtoxin-beta).

“LTPR-Ig” is a fusion protein containing lymphotoxin receptor (LTBR) that is known
to bind to the ligands LTa/B heterotrimer and LIGHT (homologous to lymphotoxins.

“STAT” and “signal transducer and activator of transcription 3” is also known as
“(acute-phase response factor,” “APRF, ” “APRF Transcription Factor,” “DNA-binding
protein APRF,” “IL6-Response Factor,” and “LIF(leukemia inhibitory factor)-Response
Factor.” STAT 1s a transcription factor encoded by a family of genes known as the STAT
genes.

“ML120B” refers to N-(6-chloro-7-methoxy-9H-B-carbolin-8-yl)-2-

methylnicotinamide (ML120B), a B-carboline derivative.

“IKK2 VI inhibitor” refers to (5-Phenyl-2-ureido)thiophene-3-carboxamide.

“PS-1145 dihydrochloride” refers to N-(6-Chloro-9H-pyrido[3,4-b]indol-8-yl)-3-
pyridinecarboxamide dihydrochloride, and is commercially available (Sigma-Aldrich).

“BMS-345541" refers to N-(1,8-Dimethylimidazo[1,2-a]quinoxalin-4-y1)-1,2-
Ethanediamine monohydrochloride, and is commercially available (Sigma-Aldrich).

“IKKB” is also known as inhibitor of nuclear factor kappa-B kinase subunit beta
(“NFxB”). IKKp is a kinase of the IKK family. It phosphorylates inhibitors of NF«B, leading
to the dissociation of the inhibitor/NFxB complex and ultimately the degradation of the

inhibitor. It is preferentially found as a heterodimer with IKKa but also as a homodimer.
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IKKp is an enzyme that serves as a protein subunit of IkB kinase, which is a component of
the cytokine-activated intracellular signaling pathway involved in triggering immune
responses. IKK is found on the internal side of the plasma membrane, in the cytoplasm, as
part of IxB kinase complex, and in the nucleus. IKKf functions include protein
serine/threonine kinase activity, protein binding activity, IxB kinase activity, nucleotide
binding activity, ATP binding activity, and protein kinase activity. IKKp protein in humans is
encoded by the /KBKB (inhibitor of kappa light polypeptide gene enhancer in B-cells, kinase
beta) gene.

“IKKpB inhibitor” refers to a compound that reduces one or more IKKf function (e.g.,
protein serine/threonine kinase activity, protein binding activity, IkB kinase activity,
nucleotide binding activity, ATP binding activity, and protein kinase activity.

“Activation of IKK[” refers to phosphorylation, e.g., by a kinase, of one or more
IKKp serine residues within the IKKJ activation loop.

“IKKa” is a kinase of the IKK family. It phosphorylates inhibitors of NFkB, leading
to their dissociation from NFxB and ultimately to their degradation. It is located on the
internal side of plasma membrane, on intracellular membrane-bound organelles, in the
cytoplasm, nucleolus, and as part of TkB kinase complex. TKKa functions in protein binding,
has IxB kinase activity, nucleotide binding activity, ATP binding activity, and protein kinase
activity. IKKa is encoded by the CHUK gene.

“IKKa inhibitor” refers to a compound that reduces one or more IKKo function (e.g.,
protein binding, IkB kinase activity, nucleotide binding activity, ATP binding activity, and
protein kinase activity.

“Activation of IKKa” refers to phosphorylation, e.g., by a kinase, of one or more
IKKa serine residues within the IKKa activation loop.

“CD20” and “B-lymphocyte antigen CD20” interchangeably refer to an activated-
glycosylated phosphoprotein expressed on the surface of B-cells beginning at the pro-B phase
(CD45R+, CD117+) and progressively increasing in concentration until maturity. In humans
CD20 is encoded by the MS4A41 gene.

12 8

“Anti-androgen,” “antiandrogen” and “androgen antagonist” interchangeably refer to
compounds that prevent androgens from expressing their biological effects on responsive
tissues, by blocking the appropriate receptors, competing for binding sites on the cell's
surface, and/or affecting androgen production. Antiandrogens are prescribed to treat an array
of diseases, such as prostate cancer, and are exemplified by the drugs flutamide (brand name

EulexinTM), nilutamide (brand names Anandron™ and NilandronTM), bicalutamide (brand
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name Casodex" ) , finasteride (brand names Proscar' ™ and Propecia’ ™), dutasteride (brand
name AvodartTM), bexlosteride, izonsteride, turosteride, and epristeride.

“Radioablation” is a medical procedure where part of the electrical conduction system
of a tissue (e.g., tumor, heart, or other dysfunctional tissue) is ablated using the heat
generated from the low frequency AC, pulses of DC, or high frequency alternating current to
treat a medical disorder. Radio frequency ablation (RFA) uses high frequency alternating
current and has the advantage over previously used low frequency AC or pulses of DC in that
it does not directly stimulate nerves or heart muscle and can therefore often be used without

the need for general anesthetic.

DESCRIPTION OF THE DRAWINGS

Figure 1. Androgen ablation induces tumor inflammatory infiltration. Six week
o0ld FVB males (n=10) were inoculated with myc-CaP cells. When tumors reached 1000 mm’,
mice were left untreated, castrated or sham operated. Tumors were collected when indicated
for analysis. A. Paraffin-embedded tumor sections were TUNEL stained to determine
apoptotic cell frequency (results are averages, n=3). B. Total RNA was isolated from tumor
samples and expression of indicated cell marker mRNAs was quantitated and normalized to
that of cyclophilin A (norm= normal, C1,2,3= mice analyzed 1,2,3 wecks after castration,
sham= sham-operated). Results are averages + s.d. (n=10). C. Frozen human prostate sections
(normal tissue (n=3), prostatic hyperplasia (n=3), and malignant CaP with Gleason scores 6-8
(n=10)) were stained with CD4, CD8 and CD20 antibodies and DAPI and analyzed by
immunofluorescent microscopy. The histogram denotes average frequencies of indicated cell
types (n=3 per sample). P values were determined and are depicted as insignificant (ns),
significant (*), very significant (**) or highly significant (***).

Figure 2. Role of B cells and IKKp in STAT3 activation and CR-CaP emergence.
A. Myc-CaP tumors were established in WT mice reconstituted with BM from Rag]_/ “males
(n=10) or in Ragl™~ males. When tumors reached 1000 mm°, mice were castrated. Three days
before castration, Rag]_/_ mice (n=10 per group) received via the tail vein purified splenic B
or T cells. Tumor volume was measured. Results are averages + s.e.m.. P values were
determined and are indicated as above. B. Tumors were removed from radiation chimeras
reconstituted with Jkkf'F, Ikkf™", or Ragl”™ BM, one week after castration. STAT3
phosphorylation was analyzed by immunohistochemistry. C. Tumor-bearing Rag/ " males

were injected with WT splenocytes (Ragl + WT), or purified splenic B (Rag/ + B) or T
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(Ragl + T) lymphocytes. One day later, mice were castrated and after one week, tumors were
removed and analyzed for STAT3 phosphorylation.

Figure 3. Role of IKKa in emergence of CR-CaP. Tumor-bearing mice were
castrated or sham operated as above. A. Tumors were analyzed one week later for nuclear
IKKa by immunohistochemistry. B. Tumors removed at indicated times were divided into
cytosolic (C) and nuclear (N) fractions and IKKa. and histone H3 distribution was
determined. C. Tumors were established using myc-CaP cells transduced with lentiviruses
expressing scrambled siRNA (sc) or KK a-specific siRNA. Mice were castrated as above and
tumor volume was measured. Results are averages + s.e.m. (n=10). P values were determined
and are indicated as above. D. Tumors were established in lethally irradiated FVB males
reconstituted with Zkk8" Tor Tkk™™ BM or in Ragl ~~ males reconstituted with either B or T
cells. Iikf3"F and Iik® chimeras were i.p. injected three times with poly(IC) (250 pg) prior
to castration to delete IKK. One week after castration, tumor samples were analyzed for
KK distribution by immunohistochemistry. Nuclear IKK . results in punctuate staining,
while cytoplasmic IKKa results in diffuse staining.

Figure 4. IKKB-dependent lymphotoxin production by tumor-infiltrating B cells
stimulates TKKo-dependent androgen-free survival. A. RNA from splenic B cells of
Tk and Tkk™ mice was analyzed for LTo and LT expression as above. Results are
averages + s.d. (n=3). B. Lethally irradiated /B males were reconstituted with BM from B-
Lt or T-Ltf3” "~ mice (n=6 per group). After 8 weeks, myc-CaP tumors were established,
mice were castrated and tumor volume was measured as above. Results are averages & s.€.m..
C. FVB mice (n=6 each group) bearing myc-CaP tumors were castrated and given hlgG or
LTPBR-Ig (100 pg) every 5 days, starting 4 days before castration. Tumor volume was
measured as above. Results are averages + s.e.m.. D. Tumors were established using myc-
CaP cells transduced with lentiviruses expressing scrambled (sc) sIRNA or LTB-specific
SiRNA. Mice were castrated and tumor volume was measured. Results are averages T s.e.m.
(n=10). E. Myc-CaP cells (previously infected with lentiviruses expressing scrambled or
TKKa siRNAs) were plated at 40% confluency. After 6 hrs, the cells were cultured with or
without flutamide (10 pM) in the absence or presence of LT, and cell number was
determined. F. Myc-CaP cells were plated at 60% confluency. After 12 hrs, cells were
stimulated for 1 hr with LTapp1, collected, divided into cytosolic (C) and nuclear N)
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fractions and IKK o and histone H3 distribution was determined. In A, B, C,D and E, P
values were determined and are indicated as above.

Figure 5. IKKB in prostate epithelial cells has no effect on CaP
progression and metastasis. A. The deletion efficiency of IKKB in tkkB™/ TRAMP
and IkkB™"/TRAMP/PB-Cre4 (IkkB"**™) mice was analyzed. Primary prostate
epithelial cells were isolated, cultured and stimulated with TNF-a (10 ng/ml). After O,
15 and 30 min, cytoplasmic and nuclear extracts were prepared and analyzed for
IKKB expression (1,2,3 refer to different mice) or NF-xB and Oct-1 DNA binding
activities. B. Survival of IkkB™/TRAMP (n=21) and IkkB"*"*/TRAMP (n=16) mice
were compared by Kaplan-Meier analysis. P values were determined and are
depicted as insignificant (ns), significant (*), very significant (**) or highly significant
(***). C. Incidence of lymph node, liver and lung metastases in Ikk”"/TRAMP and
IkkB*P°/TRAMP mice at time of death. D. Histological analysis of primary CaP and
liver metastasis in IkkB™/TRAMP and IkkB"*"*/TRAMP mice.

Figure 6. IKKP in prostate epithelial cells has no effect on emergence of
CR-CaP. A. Twenty-week old /kkB*P/TRAMP (n=12) and IkkB""/TRAMP (n=13)
males were castrated. After 5 months, mice were sacrificed and incidence of lymph
node, lung and liver metastases was determined. B. Histological analysis of primary
prostate tumors from castrated Ikk3*P"/TRAMP and IkkG"™/TRAMP mice.

Figure 7. Silencing of IKKpB in CaP cells has no effect on emergence of
CR-CaP. Male FVB mice were injected with myc-CaP cells, previously infected with
lentiviruses expressing control (scrambled, sc) or IKKB specific siRNAs. When
tumors reached 900 mm?, mice (n=10 per group) were castrated. A. Tumor size was
measured every 2-3 days. Results are averages + s.e.m. P value was determined
and depicted as above. B. Myc-CaP cells were used for inoculation and the resulting
tumors, collected at the end of the experiment, were analyzed for IKK( expression.

Figure 8. IKKB deletion in BMDC retards CR-CaP appearance and
metastasis. A. Twenty week old /kkF"/ TRAMPI/Mx1-Cre (Ikk*“TRAMP) and
Ikk 7T/ TRAMP males (n=15-17) were injected three times with poly(IC) and
castrated 3 days after last injection. Five months later, mice were sacrificed and
prostate tumor weight and incidence of lymph node, lung and liver metastases were
determined. B. Six week old FVB males were lethally irradiated and transplanted
with BM of male Ikkg™ or Ikk5™"/Mx-1Cre mice (n=10 each group). After 8 weeks,
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mice received 2 x 10° myc-CaP cells subcutaneously. When tumors reached 900
mm?, mice were thrice injected with poly(IC) to delete IKKB in BMDC and castrated 3
days later. IKKB deletion was examined by immunoblot analysis of peripheral
leukocytes. C. Tumor volume in above mice was measured every 2-3 days. Results
are averages + s.e.m. (n=10). D. Six week old FVB mice (n=6 each group) were
inoculated with myc-CaP cells and when tumors reached 1000 mm?, were castrated
and injected twice daily with vehicle or IKK@ inhibitor, ML120B. Tumor volume was
measured as above. Results are averages * s.e.m. P values were determined and
depicted as above.

Figure 9. Distribution of B cells in tumors. Myc-CaP tumors were
established in 6 weeks old FVB mice. When tumors reached 1000 mm?®, mice were
left untreated (normal) or castrated. A,B. tumors were collected either 3 days or 1, 2
or 3 weeks later. Frozen sections were stained with anti-B220 antibody or a
combination of anti-CD4 and anti-CD8 antibodies, counterstained with DAPI or
hematoxylin and analyzed by immunofluorescent microscopy. C. Myc-CaP tumors
were established as above. When tumors reached 1000 mm?, mice were sham
operated or castrated. Tumor samples were collected, digested with collagenase,
stained with the indicated cell marker antibodies and analyzed by flow cytometry.

Figure 10. Castration-induced regression of CaP results in induction of
inflammatory chemokines in tumor remnants. A. Myc-CaP tumors were
established in 6 week old FVB mice (n=10). When tumors reached 1000 mm?®, mice
were left untreated (normal), sham operated or castrated and tumors were collected
1, 2 or 3 weeks later. Total RNA was isolated and expression of the indicated
chemokine and AR mRNAs was quantitated by Q-PCR and normalized to the
amount of cyclophilin A mRNA. Results are averages + s.d. (n=3). P values for the
difference in mRNA amounts between sham operated and castrated mice at week 1
were determined and depicted as above. B. Myc-CaP tumors were established as
described above. Three days before castration mice were injected i.p. with 200 nug of
CXCL13 neutralizing antibody or vehicle (PBS). Tumor samples were collected one
week after castration. Total RNA was isolated and expression of the indicated
cellular marker mMRNAs was quantitated by Q-PCR and normalized to the amount of

cyclophilin A mRNA. Results are averages * s.d.. P values were determined and
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depicted as above. C. Frozen sections of SC tumors were stained with anti-B220,
counterstained with DAPI and analyzed by immunofluorescent microscopy.

Figure 11. Castration-induced regression of CaP results in induction of
inflammatory cytokines in tumor remnants. A. Total RNA was isolated from tumor
samples starting 1 week after castration of the mice described above (Fig. 10) and
analyzed for expression of the indicated cytokines or prostate stem cell antigen
(PSCA) mRNAs as above. B. Total RNA was isolated from the samples described in
Fig. 9B and analyzed for expression of the indicated cytokine mRNAs (n=3). P
values were determined and depicted as above.

Figure 12. AR localization during the emergence of CR-CaP. Myc-Cap
tumors were established in FVB male mice. Tumor samples were collected at the
indicated time points after castration and analyzed for AR localization by
immunofluorescent microscopy. Nuclear AR is seen in tumors from non-castrated
mice (0 d) and 30 days after castration.

Figure 13. STAT3 is phosphorylated after castration. Myc-CaP tumors
were established as described above. Tumor samples were collected at the
indicated time points after castration or sham operation. Paraffin-embedded sections
were analyzed for STAT3 phosphorylation by staining with phospho-STAT3
antibody.

Figure 14. STAT3 activation and its role in CR-CaP emergence. A, B WT +
IkkFF and WT + Ikkp"* radiation chimeras (n=10 each group) bearing myc-CaP
allografts were established as above and injected with poly(IC) to delete IKKBO in
BMDC before castration or sham operation. After one month, mice were sacrificed
for analysis. A. Lymphocytes were isolated from indicated tissues and analyzed for
IKKB expression. B. Tumor samples were immunoblotted to determine expression
and phosphorylation of indicated signaling proteins. C,D FVB mice bearing myc-CaP
tumors were castrated. Starting one day before castration, the mice (n=10 per group)
were injected twice daily with vehicle or AG490, an inhibitor of STAT3
phosphorylation. C. One week after castration, tumors were collected, paraffin-
embedded, sectioned and stained with phospho-STAT3 antibody. D. Tumor volume
was measured every 2-3 days as above. Results are averages * s.e.m.. P values

were determined and are indicated as above.
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Figure 15. Selectivity of IKKB and STAT3 phosphorylation inhibitors. A.
Myc-CaP cells were cultured to 60% confluency and pre-treated for 1 hr with AG490
(100 uM) or ML120B (20 uM), followed by stimulation with PMA (10 ng/ml) for 10
min. Cells were collected and [xBa phosphorylation was analyzed. B. Myc-CaP cells
were pre-treated with AG490 or ML120B and after 1 hr, were stimulated with IL-6 (20
ng/ml) for 30 min. Cells were collected and STAT3 phosphorylation was analyzed by
immunoblotting.

Figure 16. Deletion of IKKB in bone marrow derivatives has no effect on
infiltration of leukocytes into androgen-deprived tumors. Myc-CaP tumors were
established in lethally irradiated FVB males that were reconstituted with Jkks™ or
Ikkp*™ BM. IkkF™™ and IkkM chimeras were injected with poly(IC) as described
above prior to castration. A. One week after castration, tumor samples were
collected and total RNA was isolated and expression of indicated cell marker and
chemokine receptor mRNAs was quantitated by Q-PCR and normalized to that of
cyclophilin A mRNA. Results are averages + s.d. (n=6). B. Tumor samples were
collected as above from non-operated (norm), sham operated and castrated mice
and expression of B220 mRNA was quantitated as above. Results are averages +
s.d. (n=5).

Figure 17. Castration-induced regression of AD-CaP induces expression
of cytokines in an IKKB-dependent manner. Myc-CaP tumors were established in
WT + Ikkf™™ and WT + Ikkp*" radiation chimeras. When tumors reached 1000 mm?3,
mice were castrated and one week later, tumor samples were collected. Expression
of the indicated cytokine mRNAs was analyzed by Q-PCR and normalized to
cyclophilin A mRNA. Results are averages + s.d. (n=5). P values were determined
and depicted as above.

Figure 18. Lymphocytes are not required for primary CaP growth but B
cells rather than T cells accelerate appearance of CR-CaP. A. Lethally irradiated
FVB male mice (n=10 per group) were reconstituted with WT or Rag7~~ BM. After 8
weeks, myc-CaP cells were implanted and their growth monitored. B. Lethally
irradiated FVB male mice (n=10 per group) were reconstituted with BM of WT (WT +
WT) or T cell deficient Terg” /5" mice (WT + Terg"~57"). After 8 weeks, myc-CaP
tumors were established and the mice were castrated when tumors reached 1000

mm?®. Tumor volume was measured as above. C. Lethally irradiated FVB male mice
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(n=10 per group) were reconstituted with BM of WT (WT + WT) or B cell deficient J;~
=(WT + Jy™) mice. After 8 weeks, myc-CaP tumors were established and the mice
were castrated when tumors reached 1000 mm?®. Tumor volume was monitored as
above. P values were determined and depicted as above. D. FVB mice (n=5 each
group) were inoculated with myc-CaP cells, castrated as above and were given by
i.p. injection IgG2a or anti-CD20 (200 ng) every 5 days, starting 4 days before
castration. Tumor volume was measured as above. Results are averages + s.e.m..

Figure 19. siRNA-mediated IKKo and LT3R silencing. A. Myc-CaP cells
infected with lentiviruses encoding scrambled (sc) or IKKa siRNA were analyzed
before implantation or after generation of tumor allografts for IKKa expression. B.
LTBR mRNA was analyzed by Q-PCR and normalized to cyclophilin A in myc-CaP
cells infected with lentiviruses encoding scrambled (sc) or LTBR siRNA before
implantation or after generation of tumor allografts.

Figure 20. LT production in tumors is significantly reduced in the
absence of lymphocytes and is localized mainly to B cells. A. Lethally irradiated
FVB males were reconstituted with BM from Rag7™~ as described above. Tumors
were established, collected 1 week after castration and total RNA was isolated.
Expression of LTa and LT mRNAs was quantitated by Q-PCR and normalized to
that of cyclophilin A mRNA. Results are averages + s.d. (n=5). B. Myc-CaP tumors
were established in FVB mice. One week after castration the tumors were removed,
treated with collagenase and single cell suspension stained with LTBR-Ig fusion
protein and either B220 or TCRp antibodies and analyzed by flow cytometry.

Figure 21. Characterization of tumor infiltrating B cells. Subcutaneous
myc-CaP tumors were isolated one week after castration and digested with
collagenase to prepare a single cell suspension that was filtered through a cell
strainer. The cells were then stained with fluorescently-labeled antibodies to CD45,
B220, CD19, IgD, IgM, CD11b, MHC class Il and CD5 as well as LTBR-Ig fusion
protein followed by anti-human Ig-PE antibody (Jackson Immunoresearch) and Aqua
LIVE/DEAD dye (Molecular Probes). The stained cells were analyzed by flow
cytometry on a BD LSRIl instrument. Live hematopoietic cells were gated as CD45"
Aqua”. Shown are representative dot plots from one typical tumor.

Figure 22. B cell-specific LTP knockout abolishes LT expression in

tumors but has no effect on B cell and macrophage infiltration. Lethally
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irradiated FVB males were reconstituted with BM from B-L{8™~ mice as described
above. Tumors were established and collected at the indicated times after castration.
Total RNA was isolated and expression of the indicated mRNAs was quantitated by
Q-PCR and normalized to that of cyclophilin A mRNA. Results are averages + s.d.
(n=5). P values were determined and depicted as above.

Figure 23. LTB is required for IKKa nuclear localization and STAT3
phosphorylation. Mice carrying Myc-CaP tumors were castrated and treated with
vehicle or LTPR-Ig as described above. Paraffin-embedded sections were analyzed
for IKKa nuclear localization and STAT3 phosphorylation.

Figure 24. A model explaining how therapy-induced inflammation
promotes emergence of CR-CaP. Androgen withdrawal causes death of primary
AD-CaP cells, which release inflammatory mediators that lead to chemokine
induction and recruitment of inflammatory cells, including B cells, into the tumor
remnant. IKKp activation in B cells results in NF-xB-dependent production of LT and
other factors that activate IKKa and STAT3 in surviving CaP cells. This results in
survival and re-growth of CR-CaP.

Figure 25: IKKa is required for growth of castration-resistant tumors and BMI1
Induction. A) Histological analysis (H & E staining of paraffin-embedded sections;
magnification-40x) of prostates from 24 weeks old Tkko/™* ITRAMP and Ikko/™*4/TRAMP
mice that were castrated at 12 weeks of age. B) Impact of castration on GU weight in the
mice described in A. C) Prostate RNA from 24 weeks old Tkke/** ITRAMP mice (castrated
or sham operated at 12 weeks) was analyzed for expression of PcG genes and DNMT1. D)
Prostate RNA from 24 weeks old mice of indicated genotypes castrated at 12 weeks of age,
was analyzed for Bmil gene expression. E) RNA from s.c. myc-CaP tumors collected 4 days
after castration or sham operation was analyzed for Bmil expression. F) RNA from s.c. myc-
CaP tumors formed by mock (Scr.) or IKKa-silenced cells was collected 2 weeks after
castration and analyzed for Bmil expression. G) Protein extracts from mock- (Scr) or IKKo.-
silenced tumors were analyzed by immunoblotting for Bmil expression 2 weeks after
castration or sham operation. In panels B-F, the values represent means = SD (n=3).

Figure 26: IKKa controls BMI1 expression in prostate cancer. A) Paraffin-
embedded prostate sections representing normal tissue (n=9), benign prostatic hyperplasia
(n=8), and prostate cancer (n=13) were analyzed by immunohistochemistry for BMI1. The

BMI1 staining index was quantitated by Adobe Photoshop and is indicated on the right (p-
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value is <0.001 for the malignant samples). B) Prostate cancer specimens from A with low
and high BMI1 staining indices were evaluated for IKKa expression (n=4 for each group).
The correlation coefficient is indicated on the left. C) RNA collected from myc-CaP tumors
established in Zkk87*/Mx]-CRE and Tk 3" " mice 2 weeks after castration and analyzed for
Bmil expression. To induce CRE expression, host mice were injected with polyl:C 2 days
before castration. D) RNAs collected from myc-CaP tumors grown in mice that were given
higG or LTBR-Ig (100 ug) every 5 days, starting 4 days before castration, were analyzed for
Bmil expression 2 weeks after castration. E) RNA samples from myc-CaP cells collected
after stable infection with lentiviruses harboring different IKKa, constructs (AA =
inactivateable, EE-NLS = constitutively active and unable to translocate to the nucleus, EE =
constitutively active) were analyzed for Bmil gene expression. F) Lysates of myc-CaP cells
collected after stable infection with the above viruses were analyzed for BMII expression by
mmmunoblotting. G) ChIP analysis of IKKa recruitment to the Bmil promoter. Chromatin
isolated from myc-CaP cells stably infected with lentiviruses harboring a GFP or an
IKKo(EE) insert was formaldehyde crosslinked, sheared and immunoprecipitated with IKKa.
or HA antibodies and analyzed by qPCR with primers to the Bmil promoter or an intergenic
region of chromosome 8. % input was calculated by determining the ratio of
immunoprecipitated DNA with each antibody to a 10% input sample. In panels C-E and G,
the values represent means + SD (n=3).

Figure 27: IKKa interacts with E2F1 and controls its recruitment to the Bmil
promoter. A) Chromatin was isolated from myc-CaP tumors established by mock (Scr.)- or
IKKa-silenced cells 2 weeks after sham operation or castration. After crosslinking and
shearing, chromatin was immunoprecipitated with antibodies to E2F1 or control IgG and the
content of Bmil promoter DNA was determined by qPCR as in 2G. B) Nuclear extracts were
prepared from the myc-CaP tumors described above and the presence of E2F DNA binding
activity was analyzed by electrophoretic mobility shift assay using the putative Bmil E2F1
binding site as a probe. For competition experiments, 100-fold excess of non-radioactive
competitor oligonucleotides representing the Bmil E2F1 site or consensus binding sites of the
mndicated transcription factors were added to the reactions 10 min. before addition of the
radioactive probe. C) Binding of E2F1 and IKK« to the putative Bmil E2F1 binding site was
analyzed by UV crosslinking. Extracts from 293T cells transfected with HA-tagged E2F1 or
IKKa expression constructs were immunoprecipitated with HA antibody and incubated with

the Bmil E2F site probe described in B. The samples were then UV-crosslinked, separated by
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SDS-PAGE and autoradiographed. D) IKKa mediates recruitment of CBP to E2F1. 293T
cells were transfected with GFP or IKKa(EE) vectors. After 48 hrs, the cells were lysed and
immunoprecipitated with an E2F1 or Ig control antibodies. Immunoblotting was then
performed using the indicated antibodies. E, F) Chromatin was harvested from the myc-CaP
tumors described in A and subjected to ChIP analysis as above with antibodies to CBP (E) or
Ac-H3 (F). Relative % input was determined as above. In panels A, E and F, the values
represent means + SD (n=3).

Figure 28: BMI1 controls castration resistant tamor growth. A) Myc-CaP cells
that were infected with lentiviruses expressing siRNA to GFP (siGFP) or Bmil (siBMI1-1
and -2) were analyzed for BMI1 expression by immunoblotting after 2 weeks in culture or 4
weeks after s.c. tumor growth. B) Sizes of tumors formed by s.c. injection of myc-CaP cells
described in A, were determined 4 weeks after inoculation. C) Protein extracts from s.c. myc-
CaP tumors formed by mock (Scr.), IKKc-silenced or IKKa-silenced-+BMI1 lentiviral
transduction were analyzed for BMI1 expression 2 weeks after castration. D) myc-CaP
tumors were established in wild-type mice using cells from C. When tumors reached 500
mm?>, the mice were castrated. Tumor volume was then measured at the indicated time points.
E) RNA from s.c. myc-CaP tumors formed by mock (Scr.) or IKKa-silenced cells was
collected 2 or 3 weeks after castration and analyzed for Bmil expression. In panels B, D and
E, the values represent means = SD (n=3).

Figure 29 BMI1 controls p16 and p19 expression in prostate cancer. A) RNAs
from s.c. myc-CaP tumors formed by mock (Scr.), IKKa-silenced, or IKKa-silenced+BMI1
transduced cells were analyzed for p16 and p19 expression 2 weeks after castration. B) RNAs
collected from myc-CaP tumors described in Figure 26D were analyzed for p16 and p19
expression 2 weeks after castration. (C, D) Chromatin isolated from s.c. myc-CaP tumors
formed by mock (Scr.) or IKKa-silenced cells 2 weeks after sham operation or castration was
subjected to ChIP analysis using antibodies to BMI1 (C), ubi-H2A (D) or control IgG.
Presence of Ink4a/Arf sequences was examined by PCR using the primer pairs depicted in
Figure 35 or the intergenic region from Ch-8. Relative % input was determined by calculating
the ratio of % input of immunoprecipitation with either BMI1 or ubi-H2A antibodies relative
to IgG control immunoprecipitations. E) s.c. myc-CaP tumors formed by mock (Scr.) or
[KKo-silenced cells were isolated 2 weeks after sham operation or castration and analyzed by
immunohistochemistry for ubi-H2A content. F) Prostates of Tkko™™ ITRAMP and

Thkc 4 TRAMP mice were collected 12 weeks after sham operation or castration and
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analyzed by immunohistochemistry for ubi-H2A content. G) Paraffin-embedded prostate
sections corresponding to normal tissue (n=9), benign prostatic hyperplasia (n=8) or prostate
cancer (n=13) were analyzed by immunohistochemistry for ubi-H2A content. The ubi-H2A
staining index was quantitated by Adobe Photoshop and is indicated at the bottom (p-value is
<0.001 for the malignant samples). In panels A-D, the values represent means + SD (0=3).

Figure 30: Nuclear IKKo is present in cells that express markers of PCa
progenitors and is required for their upregulation. A) Sequential paraffin-embedded
sections from s.c. myc-CaP tumors collected 2 weeks after sham operation or castration were
analyzed by immunohistochemistry for CD133 and IKKa. Arrowheads indicate CD133"
cells. B) Quantification of IKKa and CD133 co-staining in 5 fields as in A per tumor, with 3
tumors analyzed for each condition. C) Single-cell suspensions from s.c. myc-CaP tumors
formed by mock (Scr.) or IKKa-silenced cells that were collected 2 weeks after sham
operation or castration were analyzed by flow cytometry for CD133 expression. D) Single-
cell suspensions from s.c. myc-CaP tumors formed by IKK ai-silenced and IKKa-
silenced+BMI1 transduced cells isolated 1 week after castration were analyzed by flow
cytometry for CD133 expression. E) RNA samples from s.c. myc-CaP tumors formed by
mock (Scr.) or IKKa-silenced cells collected 2 weeks after sham operation or castration were
analyzed for SOX2, Nanog and CD133 expression. F) Quantification of p63* cells. Three s.c.
myc-CaP tumors collected 2 weeks after sham operation or castration were stained for p63
and the numbers of p63” cells were determined in 5 fields per tumor. G) Quantification of
p63 and IKKo co~expression in the tumors described above. Note that even in tumors from
sham operated mice, most p63" cells contain nuclear IKK . In panels B-G, the values
represent means + SD (n=3).

Figure 31: IKKa controls androgen-induced regrowth of the normal prostate. A)
Outline of prostate regeneration experiments. B) Prostates of Zkke™"'™ mice were collected at
indicated times after castration and analyzed by immunohistochemistry for IKKo nuclear
translocation. Percentages of cells with nuclear IKK o staining are indicated below each panel
and were determined by analysis of 5 sections per prostate with a total of 3 prostates per
condition. C) Prostates of Ikka™™ and Ikko*4 mice were weighted 17 days after castration
and androgen replacement. D) RNAs extracted from prostates (genotype indicated) 17 days
after sham operation or castration and subsequent androgen replacement were analyzed for
Bmil expression. E) Prostates of WT or J;' mice were weighted 17 days after castration and

androgen replacement. F,G) RNAs extracted from prostates of WT or Ji" mice 17 days after
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sham operation or castration and subsequent androgen replacement were analyzed for
Bmil(F) or B220 (G) expression. In panels C-G, the values represent means + SD (n=3).

Figure 32: Role of IKKa in castration resistance and BMI1 expression. A) myc-
CaP tumors were generated by s.c. transplantation of mock (Scr.) or IKKa-silenced cells into
wild-type mice. When tumors reached 500 mm’ in size, the mice were castrated. Tumor
volume was then measured at the indicated time points. B) GU weights of 24 weeks old sham
operated T 'TRAMP and Tkko**2*/TRAMP mice. C) Experimental design of
producing CR-PCa in TRAMP mice. All castrations were performed at 12 weeks of age and
the prostates were analyzed at 24 weeks. D) Paraffin sections of prostates collected 12 weeks
after sham operation or castration from Tkka™*/ TRAMP mice were analyzed by
immunohistochemistry for IKKa, expression. E) Lysates of s.c. myc-CaP tumors collected 2
weeks after castration or sham operation were analyzed for Bmil expression by
immunoblotting. F) s.c. myc-CaP tumors formed from mock (Scr.) or IKK a-silenced cells 2
weeks after castration were enriched for epithelial cells. RNA was then collected and
analyzed for Bmil expression. In panels B and F, the values represent means + SD (n=3).

Figure 33: Bmil induction requires IKKo activation and nuclear translocation
A) Sequential paraffin-embedded sections of human PCa were analyzed by
immunohistochemistry for IKKo and BMI1. B) DU145 human PCa cells were transduced
with lentivirases harboring different IKKa. constructs. After 2 weeks in culture, RNA was
collected and analyzed for Bmil expression. C) Myc-CaP tumors collected 2 weeks after
sham operation or castration were subjected to ChIP analysis using an IKK o antibody and
primers to the Bmil promoter or an intergenic region of Ch-8. % input was calculated by
determining the ratio of immunoprecipitated DNA to a 10% Input sample. D) s.c. myc-CaP
tumors generated by s.c. transplanted mock (Scr.)- or IKKa-silenced cells were collected 2
weeks after castration or sham operation and subjected to ChIP analysis using IKKa antibody
or control IgG and primers to the Bmil promoter or an intergenic region of Ch-8. % input was
calculated as above. In panels B-D, the values represent means £ SD (n=3).

Figure 34: TKKa activity is required for E2F1 recruitment to the Bmil and Ccne
promoters. A) Protein extracts from mock- (Scr.) or IKKa-silenced tumors were analyzed by
immunoblotting for E2F1 expression 2 weeks after castration or sham operation. B) myc-CaP
tumors collected 2 weeks after sham operation or castration were subjected to ChIP analysis
using c-myc antibody or control IgG and primers to the Bmil promoter. C) 293T cells were

transfected with GFP, IKKo(EE) or IKKa(AA) vectors. After 48 hrs, the cells were lysed
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and E2F1 was immunoprecipitated. After gel separation, immunoblotting was performed with
the indicated antibodies. D) Mock- or IKK a-silenced myc-CaP cells were transduced with
either an E2F1 or an empty expression vector. After 48 hrs, RNA was collected and Bmil
expression was analyzed. E) myc-CaP tumors generated by s.c. transplantation of mock- or
IKKa-silenced cells were collected 2 weeks after sham operation or castration and subjected
to ChIP analysis with either E2F1 antibody or control IgG and CCNE promoter primers. F)
myc-CaP tumors formed by mock (Scr.)- or IKKa-silenced cells were collected 2 weeks after
castration or sham operation. RNAs were extracted and analyzed for CCNE! expression. In
panels B and D-F, the values represent means + SD (n=3).

Figure 35. Depiction of the mouse Ink4a/Arflocus. The arrows indicate the primer
sets used for PCR in ChIP analysis.

Figure 36: B cell depletion with anti-CD20 attenuates androgen-induced
regrowth of the normal prostate. A) RNA collected from prostates 17 days after castration
and subsequent androgen replacement of mice injected with 250 ug of anti-CD20 or PBS
control every 4 days following castration were analyzed for B220 expression. B) Prostate
weights of the mice described above. C) RNAs described above were analyzed for Bmil

expression. All values represent means s = SD (n=3).

BRIEF DESCRIPTION OF THE INVENTION

The invention provides methods for reducing growth and/or metastasis of androgen-
independent (castration resistant) prostate cancer in a tissue in an animal. In one embodiment
the method comprises administering to the animal a therapeutically effective amount of a
compound that reduces the number of B cells, and/or the function of B cells, in the tissue. In
yet another embodiment, the invention provides methods for reducing androgen-induced
growth of prostate epithelial cells in prostate tissue in an animal. In one embodiment, the
method comprises administering to the animal a therapeutically effective amount ofa
compound that reduces the number of B cells, and/or the function of B cells, in the tissue.

The invention provides the unexpected discovery that B cells are needed for the
regrowth of castration resistant prostate cancer and for androgen-induced regeneration of
normal prostate cells. Data herein demonstrate that interventions that block B cell recruitment
into the tumors and/or cause B cell ablation and/or loss of B cell function can inhibit growth
of castration resistant cancer. For example, data herein demonstrate that genetic ablation of B

cells, B cell ablation with anti-CD20 antibody, and inhibition of B cell recruitment into
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tumors, inhibit the growth of castration resistant cancer and prevent androgen-induced
regeneration of the prostate. Thus, the invention provides a new B cell-targeted approach to
the prevention and/or treatment of castration resistant prostate cancer, the second leading
cause of cancer deaths in American men.

The invention prevents or significantly delays the re-emergence of androgen —
resistant prostate cancer after treatment with anti- androgens or surgical removal or
radioablation of primary prostate cancer.

Currently, the common way of treating primary non-metastatic prostate cancer entails
treatment with anti-androgen drugs (so called chemical castration). In addition, surgical
removal or radioablation are also practiced. While these procedures are effective, a major
problem is the re-emergence of androgen independent cancer a few years later. The vention
delays the re-emergence of hormone resistant cancer. Several anti-B cells drugs that have
been approved for clinical use may be used in the invention’s methods. As prostate cancer is
normally found in old men, even delay of several years in disease re-emergence is significant.

The invention is further described under (A)Reducing growth and/or metastasis of

castration resistant prostate cancer (CaP), and (B) Regeneration of normal prostate tissue.

A. Reducing srowth and/or metastasis of castration resistant prostate

cancer (CaP)

CR-CaP is a major complication that limits the success of

androgen ablation therapy and is responsible for most prostate
cancer mortality?. Data herein in Examples 1-8 show that CaP
progression 1is associated with inflammatory infiltration and
activation of IKKa, which stimulates metastasis by an NF-xB-
independent, cell autonomous, mechanism''. Data herein in
Examples 1-8 also show that androgen ablation causes
infiltration of regressing AD tumors with leukocytes,

including B cells, in which IKKB activation results in

production of cytokines that activate IKKa and STAT3 in CaP
cells to enhance hormone-free survival.

Thus, in one embodiment, the invention provides a method for reducing one or more
of (a) growth of castration resistant prostate cancer (CaP) cells in a tissue and (b) metastasis

of castration resistant prostate cancer (CaP) cells in a tissue, in a mammalian subject in need
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thereof, comprising administering to the subject a therapeutically effective amount of a
compound that reduces one or more of (i) the number of B cells in the tissue, and (ii) the
function of B cells in the tissue (Examples 1-8). In one embodiment, the method further
comprising detecting a reduction in one or more of a) growth of the castration resistant
prostate cancer (CaP) cells, b) the metastasis of castration resistant prostate cancer (CaP), ¢)
the number of the B cells in the tissue, and d) the function of the B cells in the tissue.

In one embodiment, the compound reduces the number of B cells in the tissue, such as
by B cell ablation. In a particular embodiment, the compound inhibits specific binding of
lymphotoxin (LT) to lymphotoxin (LT) receptor. Preferably, the compound comprises
antibody that specifically binds to lymphotoxin-p. In one embodiment, the compound
comprises LTPR-Ig.

In a further embodiment, compound that reduces the number of B cells in the tissue,
functions in reducing the level of expression of lymphotoxin-p. Ina further embodiment, the
compound that reduces the number of B cells in the tissue comprises an antibody that
specifically binds to a B cell chemoattractant, exemplified by antibody that specifically binds
to CXCL13.

In a further embodiment, the compound that reduces the number of B cells in the
tissue comprises and antibody. Antibodies that are useful in the invention, such as antibodies
that specifically bind to CD20 and/or specifically bind to ]lymphotoxin-p, and/or specifically
bind to a B cell chemoattractant (such as CXCL13), include polyclonal antibodies,
monoclonal antibodies, chimeric antibodies, recombinant antibodies, humanized antibodies,
and antibodies displayed upon the surface of a phage. Also contemplated are antibody
fragments that contain the idiotype (“antigen-binding fragment”) of the antibody molecule.
Examples of such fragments include, but are not limited to, the Fab region, F(ab")2 fragment,
Fc' fragment, and Fab' fragments.

In a particular embodiment, the antibody specifically binds to CD20, as exemplified
by rituximab antibody (sold under the trade names Rituxan™ and MabThera ™ and is a
chimeric monoclonal anti-CD20 antibody, that is found primarily on the surface of B cells),
ocrelizumab antibody (which is a humanized anti-CD20 monoclonal antibody), and
Ofatumumab (also known as (HuMax-CD20) and is a fully human anti-CD20 antibody).

Antibody treatment of human beings with cancer is known in the art, for example in
U.S. Pat. Nos. 5,736,137; 6,333,410; 5,475,092; 5,585,499, 5,846,545; 7,202,346; 6,340,701;
6,372,738; 7,202,346; 5,846,545; 5,585,499; 5,475,092; 7,202,346, 7,662,387; 7,662,387,
6,429,295; 7,666,425; 5,057,313. antibodies may be administered with pharmaceutically
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acceptable carriers, diluents, and/or excipients. Examples of suitable carriers, diluents and/or
excipients include Dulbecco's phosphate buffered saline, pH about 7.4, containing about 1
mg/ml to 25 mg/ml human serum albumin, (2) 0.9% saline (0.9% w/v NaCl), and (3) 5%
(w/v) dextrose.

In one embodiment, the invention’s compositions comprise a lipid for delivery as
liposomes. Methods for generating such compositions are known in the art (Borghouts et al.
(2005). J Pept Sci 11, 713-726; Chang et al. (2009) PLoS One 4, e4171; Faisal et al. (2009)
Vaccine 27, 6537-6545; Huwyleret al. (2008) Int J Nanomedicine 3, 21-29; Song et al. (2008)
Int J Pharm 363, 155-161; Voinea et al. J Cell Mol Med 6, 465-474).

The invention’s compositions are administered in a "therapeutic amount." The terms
"therapeutic amount," "pharmaceutically effective amount," "therapeutically effective
amount," "biologically effective amount,” and “protective amount” are used interchangeably
herein to refer to an amount that is sufficient to achieve a desired result, whether quantitative
and/or qualitative. In particular, a therapeutic amount is that amount that delays, reduces,
palliates, ameliorates, stabilizes, prevents and/or reverses one or more symptoms of the
disease (e.g., prostate cancer, prostate cancer metastasis, etc.) compared to in the absence of
the composition of interest. Examples include, without limitation, tumor size and/or tumor
number in cancer disease, biochemical tissue function tests, efc.

Specific “dosages” of a “"'therapeutic amount” will depend on the route of
administration, the type of subject being treated, and the physical characteristics of the
specific subject under consideration. These factors and their relationship to determining this
amount are well known to skilled practitioners in the medical, veterinary, and other related
arts. This amount and the method of administration can be tailored to achieve optimal
efficacy but will depend on such factors as weight, diet, concurrent medication and other
factors, which those skilled in the art will recognize. The dosage amount and frequency are
selected to create an effective level of the compound without substantially harmful effects.

For example, in therapeutic antibody applications, when present in an aqueous dosage
form, rather than being lyophilized, the antibody typically will be formulated at a
concentration of about 0.1 mg/ml to 100 mg/ml. Depending on the type and severity of the
disease, about 0.015 to 15 mg of antibody/kg of patient weight is an initial candidate dosage
for administration to the patient, whether, for example, by one or more separate
administrations, or by continuous infusion. For repeated administrations over several days or
longer, depending on the condition, the treatment is repeated until a desired suppression of

disease symptoms OCCUurs.
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In one embodiment, the compound reduces one or more function of B cells, as
exemplified by IKKp inhibitors ML120B and IKK2 VI inhibitor, as well as by non-steroidal
anti-inflammatory drugs (nSAIDs) or TNF inhibitors such as curcumin or cannabis.

In some embodiments, the invetnion’s methods further comprise administering
STAT3 and/or an IKKo, inhibitor to the mammal.

In some embodiments, prior to and/or after administering to the subject a compound
that reduces the number of B cells in the tissue, and/or the function of B cells in the tissue, it
may be desirable to for the subject to receive one or more treatment such as surgery,
radioablation, and treatment with an anti-androgen compound.

In some embodiments, the subject is treated with the compound that reduces the
umber of B cells in the tissue and/or the function of B cells, prior to and/or after detecting a
symptom of growth of castration resistant prostate cancer (CaP) cells in the tissue, and/or
detecting metastasis of castration resistant prostate cancer (CaP) cells in a tissue.

The invention’s compositions and methods are also useful for a subject “in need of
reducing one or more symptoms of” a disease includes a subject that exhibits and/or is at risk
of exhibiting one or more symptoms of the disease. For Example, subjects may be at risk
based on family history, genetic factors, environmental factors, etc. This term includes
animal models of the disease. Thus, administering a composition (which reduces a disease
and/or which reduces one or more symptoms of a disease) to a subject in need of reducing the
disease and/or of reducing one or more symptoms of the disease includes prophylactic
administration of the composition (i.e., before the disease and/or one or more symptoms of
the disease are detectable) and/or therapeutic administration of the composition (i.e., after the
disease and/or one or more symptoms of the disease are detectable). The invention’s
compositions and methods are also useful for a subject “at risk” for disease refers to a subject
that is predisposed to contracting and/or expressing one or more symptoms of the disease.
This predisposition may be genetic (e.g., a particular genetic tendency to expressing one or
more symptoms of the disease, such as heritable disorders, etc.), or due to other factors (e.g.,
environmental conditions, exposures to detrimental compounds, including carcinogens,
present in the environment, etc.). The term subject “at risk”” includes subjects "suffering from
disease," i.c., a subject that is experiencing one or more symptoms of the disease. It is not
intended that the present invention be limited to any particular signs or symptoms. Thus, it is
intended that the present invention encompass subjects that are experiencing any range of
disease, from sub-clinical symptoms to full-blown disease, wherein the subject exhibits at

least one of the indicia (e.g., signs and symptoms) associated with the disease.
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The invention also provides a method for reducing growth and/or metastasis of
castration resistant prostate cancer (CaP) cells in a tissue in a mammalian subject in need
thereof, comprising administering to the subject a therapeutically effective amount of a

compound that reduces the level of activation of IKKa.

B. Regeneration of normal prostate tissue

Inflammation triggered by tissue injury may cause epigenetic changes that promote
regeneration or tumor development, but mechanistic links between these processes are
missing from the prior art.

A link between inflammation and cancer was proposed (Balkwill and Mantovani,
2001). In the past decade, studies using mouse models of human cancer have illustrated
several key mechanisms that link inflammation to tumor development and progression
(Grivennikov et al., 2011). Quite frequently, inflammatory signals, mainly cytokines,
produced by immune cells within the tumor microenvironment lead to paracrine activation of
transcription factors, such as NF-xB and STAT3, within pre-malignant cells, thereby
enhancing survival and proliferation of cancer progenitors. Usually, this crosstalk does not
involve irreversible genetic changes, although oncogenic mutations can result in upregulation
of chemokine gene expression in malignant cells, thus promoting establishment of a pro-
tumorigenic inflammatory microenvironment (Karin, 2005). Nonetheless, chronic
inflammation may also enhance tumor initiation and/or malignant progression through
induction of oncogenic mutations, chromosomal instability and epigenetic changes (Hussain
and Harris, 2007). The mechanisms and pathways through which inflammation elicits
epigenetic changes that contribute to tumor development and progression are unknown.
Inflammation is also of importance in wound repair and tissue regeneration and it has been
pointed out that tumors are analogous to wounds that do not heal (Dvorak, 1986).
Furthermore, signaling pathways that play a major role in tissue regeneration and stem cell
renewal, namely the Wnt and Hedgehog pathways, are also key players in tumorigenesis
(Beachy et al., 2004). However, it is unknown whether and how Wnt and Hedgehog
signaling are activated in response to inflammatory signals generated by tissue injury. It is
also not clear how tissue injury leads to stem cell activation.

Another signaling pathway involved in inflammation, tissue repair and cancer is the

NF-xB pathway (Ben-Neriah and Karin, 2011). To study roles of NF-kB transcription factors

in cancer, we have focused our studies on components of the IxB kinase (IKK) complex,
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namely the IKK o and IKK catalytic subunits (Karin, 2009). While both kinases can
activate NF-«xB-mediated transcription, IKKa also has NF-kB-independent functions in
development (Descargues et al., 2008; Hu et al., 1999; Hu et al., 2001) and tumorigenesis
(Ammirante et al., 2010; Luo et al., 2007; Marinari et al., 2008). NF-xB-independent
activities of IKKa are particularly evident in prostate cancer (PCa), the most common non-
skin cancer in men. Currentily, PCa results in over 30,000 deaths each year in the US —
making it the second leading cause of cancer deaths in men (American Cancer Society,
2010). This is due to the fact that while androgen ablation or chemical castration therapy, the
standard of care for PCa, is effective in the short term, the cancer will inevitably switch to a
more aggressive, metastatic and eventually fatal form termed castration-resistant (CR) PCa
(Gulley et al., 2003). The genesis of CR-PCa depends on emergence of PCa stem-like cells
that either do not require androgen signaling for growth and survival or are highly sensitive to
castrate levels of androgens (Maitland and Collins, 2008). Data herein in Examples 1-8 show
that androgen ablation results in an inflammatory response, characterized by lymphocyte
infiltration and production of cytokines that activate IKKa in surviving PCa cells, which
accelerates the emergence of CR-PCa (Ammirante et al., 2010).

While not intending to limit the invention to a particular mechanism, in one
embodiment, this castration-induced inflammatory response may be triggered by the death of
androgen-deprived PCa cells, which causes the release of signals that induce expression of
inflammatory chemokines by components of the tumor stroma. This leads to recruitment of a
heterogeneous collection of immune cells, of which B lymphocytes are particularly important
as they serve as the main source of lymphotoxin (LT), a heterodimeric member of the TNF
family that activates IKK« (Ammirante et al., 2010). Data herein (Example 3) shows that
ablation of B cells or inhibition of their recruitment into the regressing tumors by
neutralization of the B cell chemoattractant CXCL13 prevents IKKa activation and delays
CR-PCa regrowth, LT signaling leads to nuclear accumulation of IKKa, previously found to
occur in human and mouse PCa, where it is required for metastatic spread but not for primary
tumor growth (Luo et al., 2007). However, the molecular mechanisms by which nuclear
IKK o enhances the survival and proliferation of progenitor cells that give rise to metastases
and CR-PCa are not clear, although it was found that nuclear IKK o promotes metastasis
through repression of the SBP3 gene, which codes for the metastasis inhibitor maspin (Luo et
al., 2007). Previous studies suggested that nuclear IKK o acts as a histone H3 kinase (Anest et

al., 2003; Yamamoto et al., 2003), whereas other reports have described an interaction
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between IKK o and the histone acetylase (HAT) CBP/p300 that results in phosphorylation of
the latter (Huang et al., 2007). IKKa was also reported to regulate expression and activity of
transcription factor E2F1 (Tu et al., 2006) and counteract SMRT repressor activity leading to
acetylation of p65/RelA by p300 (Hoberg et al., 2006).

Data herein in Examples 9-16 demonstrate that IKKc., which accumulates in nuclei of
mouse and human prostate cancer (PCa) cells, associates with E2F1 in response to
inflammatory signals generated upon androgen ablation to induce transcription of the
Polycomb-group gene Bmil. Increased BMI1 expression results in histone 2A ubiquitination

and repression of p6™**

and pI19™, leading to enhanced proliferation of PCa progenitors
responsible for development of castration resistance, a severe complication of failed androgen
ablation therapy. Furthermore, IKKa. activation by B lymphocyte inflammatory signals is
required for androgen-induced normal prostate regeneration. These findings chart a pathway
that links inflammation caused by tissue injury to epigenetic changes that are critical for
activation of cancer and adult tissue stem cells. Interference with this pathway augments the
outcome of androgen ablation and blocks tissue regeneration.

Data herein provides the discovery of the control of CR-PCa genesis by IKKa.
Specifically, in an NF-kB-independent manner, IKKa activates E2F1-driven transcription of
the Bmil gene, coding for the polycomb group protein BMI1 which possesses histone 2A
(H2A) ubiquitin ligase activity when part of Polycomb repressive complex 1 (PRC1) (Wang
et al,, 2004). BMII, in turn, drives CR-PCa emergence by silencing the tumor suppressor
genes p! 6% and p19*™ to stimulate self-renewal of putative PCa progenitors/stem cells.
Recent studies highlight a role for BMI1 in proliferation of normal prostate stem cells
(Lukacs et al., 2010). Data herein also identified a critical requirement for IKKo in
androgen-induced regeneration of the normal prostate, which we demonstrate to be highly
dependent on an injury-triggered inflammatory response similar to the one that drives CR-
PCa. These results indicate that IKK . is a critical link between inflammation and PRC1-
dependent epigenetic mechanisms that contro] the proliferation of both cancer and normal
tissue stem cells. Data herein also shows a strong correlation between nuclear IKK«, BMI1
expression and presence of ubiquitinated (ubi-) H2A in human PCa specimens. These
findings suggest that interference with IKKa activation would be an adjuvant to androgen
ablation therapy.

Thus in one embodiment, the invention provides a method for reducing androgen-

induced growth of prostate epithelial cells (including non-cancerous, normal cells) m a
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mammalian subject in need thereof, comprising administering to the subject a therapeutically
effective amount of a compound that reduces one or more of (a) the number of B cells in the
tissue, (b) the function of B cells in the tissue, and (c) the level of activation of IKKa. In
some embodiments, the method further comprises detecting a reduction in one or more of a)
androgen-induced growth of the prostate epithelial cells, b) the number of B cells in the

tissue, ¢) the function of B cells in the tissue, and d) the level of activation of IKKa.

EXPERIMENTAL

The following serve to illustrate certain preferred embodiments and
aspects of the present invention and are not to be construed as limiting

the scope thereof.

EXAMPLE 1

METHODS USED IN EXAMPLES 2-7

Mice were handled according to institutional and NIH guidelines. Tumors were grown
in FVB mice. Where indicated, lethally irradiated #¥B mice were reconstituted with BM
from different strains that were backcrossed into the £VB background for at least two
generations. Ltf3 knockout strains were, however, in the BL6 background which does not
clicit a graft vs. host response in /¥B mice. Human material was obtained from the
Cooperative Human Tissue Network (CHTN) along with pathology reports. Histology, gene

expression and cell signaling were analyzed as described'" .

Mice and cell culture

Tkk™™ (BL6) mice were crossed to TRAMP (BL6x129) mice® and PB-Cre4 (BL6)™
or Mx1-Cre (BL6) mice>” to generate TRAMP"™/Ikkf3""/PB-Cre4”" and TRAMP™
/1B IPB-Cred"™ or TRAMP" (1K™ IMxc1-Cre™ and TRAMP™~/Iikf /M 1-Cre™
progeny that were intercrossed with TRAMP mice for six generations. After that, 7. RAMP*"
[Tk PB-Cred"™ and TRAMP" /Ikkf3""/PB-Cre4™" or TRAMP ™"/ 1K™ (Mx1-Cre* and
TRAMP ™/l 3" ) Mx1-Cre™" mice were intercrossed to generate 7. RAMP™/Ikk " ¥ /PB-
Cred™, TRAMP"/IkF/PB-Cre4™”, TRAMP"/Ikkf " /Mx1-Cre” and TRAMP™
17k TiMx1Cre™ mice. Only male littermates were used. FVB, Terff” 6 - (BL6), Mx1-Cre
and Ragl™™ (BL6x129) mice were from the Jackson Laboratory. Ji'~ mice (FVB) were kindly
provided by L. Coussens (Cancer Research Institute and Anatomic Pathology, UCSF, San
Francisco, CA). Bone marrow from B-L¢f" or T-LtB” mice” was kindly provided by C.F.
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Ware (La Jolla Institute for Allergy and Immunology, La Jolla, CA). PB-Cre4 and TRAMP
mice were from MMHCC (Mouse Models of Human Cancer Consortium). Mice were
maintained under specific pathogen-free conditions, and experimental protocols were
approved by the UCSD Animal Care Program, following NIH guidelines. Radiation chimeras
were generated as described”. In general, irradiated F7B mice were reconstituted with bone
marrow from different strains that have been backcrossed to the F¥B background for at least
2 generations. However, in the case of B-L{f "~ and T-LzB™" mice, bone marrow donors were
of the BL6 background, whose bone marrow did not lead to a graft vs. host response in
irradiated F¥VB mice. Myc-CaP cells derived from the FVB background were provided by C.
Sawyers (UCLA and Memorial Sloan Kettering Cancer Center)*” and were cultured under
standard conditions and confirmed to be mycoplasma free. Myc-CaP cells were injected
subcutaneously into the flank of male F¥B mice as described®. Tumor growth was measured
with a caliper. Surgical procedures were as described™.

Human specimens

Anonymous human prostate, benign prostatic hyperplasia and prostate cancer

frozen sections were provided by the Cooperative Human Tissue Network (CHTN).
Pathology reports were provided by CHTN for each sample.

CXCL13 and B cell depletion and LT inhibition

CXCL13 neutralizing antibody was purchased from R&D and administered i.p. at 200
mg/mouse as described’. Anti-CD20 was kindly provided by Genentech (Oceanside, CA)
and was administered i.p. at 250 pg/mouse. LTPR-Ig fusion protein was a kind gift from
Yang-Xin Fu (University of Chicago, Chicago, IL) and was administered as described™.
hIgG and mouse IgG2a were purchased from Sigma-Aldrich and were used as controls.

IKKp inhibitors

ML120 was provided by Millenium Inc. and administered orally as described”’. IKKp
Inhibitor IV was purchased from Calbiochem and was tail vein injected as described',

Histological procedures

Mouse prostate and CaP tissues and dissected metastatic tumors were immersed

in 10% neutral buffered formalin before sectioning and paraffin embedding. Sections were
stained and processed as described'', using H&E stain, TUNEL assay kit or antibodies for
IKKo: (Imgenex), phospho-STAT3 (Cell Signaling) and CD19 (eBioscience) as described™.
Frozen sections of human and mouse origins were fixed in acetone and processed as

described !, using antibodies for AR (Santa Cruz), B220 (BD),CD20 (BD), CD4 (BD) and
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CD8 (BD).

Analysis of RNA and protein expression

Total tissue RNA was prepared using RNAeasy (Qiagen). Quantitative PCR was

performed as described®®. Cells and tumors were lysed and analyzed by SDS-polyacrylamide
gel electrophoresis and immunoblotting® with antibodies to histone H3, a-tubulin, STAT3
(Santa Cruz Biotechnology), ERK, phospho-ERK, AKT, phospho-AKT, phospho-STAT3
(Cell Signaling). Nuclear extracts were prepared and analyzed for NF-xB DNA-binding as
described™.

Lentiviral and retroviral transduction

siRNAs to mouse IKKa, IKKp and LTPR mRNAs were cloned into pLSLPw,

provided by I. Verma (The Salk Institute), and lentivirus stocks were prepared as described'!.
Virus-containing supernatants were added to myc-CaP cells for 2 days with polybrene, and
transduced cells were selected in 5 pg ml” puromyein (Invitrogen).

Leukocytes purification and flow cytometry

Peripheral blood mononuclear cells (PBMCs) were isolated by centrifugation on a
double-layered Histopaque-Ficoll (GE Lifescience) gradient. Splenic B and T lymphocytes
were isolated by magnetic cell sorting (MACS) with CD4, CD8 or CD19 antibodies
conjugated to magnetic beads. Tumor infiltrating leukocytes were stained with CD45, B220,
LTPR-Ig, TCRB, Grl, CD4 and CD8 fluorescent antibodies, as well as Aqua LIVE/DEAD
dye (Molecular Probes) and analyzed on a flow cytometer (Accuri C6 or Becton Dickinson
LSR 1II).

Statistical analyses

Results are expressed as means + s.e.m. or s.d. Data were analyzed by Student's t-test
and Kaplan-Meier survival analysis using GraphPad Prism statistical program. Error bars
depict s.e.m. or s.d. P values >0.05 were considered insignificant (ns), 0.01 to 0.05 were
considered significant (*), 0.001 to 0.01 were considered very significant (**) and < 0.001

were considered as highly significant (***).

References in Example 1:

! Greenberg, N. M. et al. Prostate cancer in a transgenic mouse. Proceedings of the
National Academy of Sciences of the United States of America 92, 3439-3443, (1995).
z Wu, X. et al. Generation of a prostate epithelial cell-specific Cre transgenic mouse

model for tissue-specific gene ablation. Mechanisms of development 101, 61-69, (2001).
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3 Kuhn, R., Schwenk, F., Aguet, M. & Rajewsky, K. Inducible gene targeting in mice.

Science 269, 1427-1429, (1995).
4 Tumanov, A. V. et al. Dissecting the role of lymphotoxin in lymphoid organs by
conditional targeting. Immunol Rev 195, 106-116, (2003).

3 Kim, S. et al. Carcinoma-produced factors activate myeloid cells through TLR2 to
stimulate metastasis. Nature 457, 102-106, (2009).

6 Watson, P. A. et al. Context-dependent hormone-refractory progression revealed
through characterization of a novel murine prostate cancer cell line. Cancer research 65,

11565-11571, (2005).
7 Zheng, B. et al. CXCL13 neutralization reduces the severity of collagen-induced
arthritis. Arthritis and rheumatism 52, 620-626, (2005).

8 Lee, Y. et al. Recruitment and activation of naive T cells in the islets by lymphotoxin
beta receptor-dependent tertiary lymphoid structure. Immunity 25, 499-509, (2006).

? Izmailova, E. S. ef al. Use of molecular imaging to quantify response to IKK-2
inhibitor treatment in murine arthritis. Arthritis and rheumatism 56, 117-128, (2007).
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metastasis by inducing osteoclastogenesis via GM-CSF. Nature medicine 13, 62-69, (2007).
1 Luo, J. L. et al. Nuclear cytokine activated IKKa. controls prostate cancer metastasis
by repressing maspin. Nature 446, 690-694, (2007).

12 Luo, J. L., Maeda, S., Hsu, L. C., Yagita, H. & Karin, M. Inhibition of NF-xB in
cancer cells converts inflammation- induced tumor growth mediated by TNFa to TRAIL-
mediated tumor regression. Cancer cell 6, 297-305, (2004).

13 Senftleben, U. et al. Activation by IKKa of a second, evolutionary conserved, NF-xB
signaling pathway. Science 293, 1495-1499, (2001).

14.  Park, B.K. et al. NF-kappaB in breast cancer cells promotes osteolytic bone
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32, Wu, X. ef al. Generation of a prostate epithelial cell-specific Cre transgenic mouse
model for tissue-specific gene ablation. Mech Dev 101, 61-69 (2001).

33.  Kuhn, R, Schwenk, F., Aguet, M. & Rajewsky, K. Inducible gene targeting in mice.
Science 269, 1427-1429 (1995).

34.  Kim, S. et al. Carcinoma-produced factors activate myeloid cells through TLR2 to
stimulate metastasis. Nature 457, 102-106 (2009).

35.  Watson, P.A. e al. Context-dependent hormone-refractory progression revealed
through characterization of a novel murine prostate cancer cell line. Cancer Res 65, 11565-
11571 (2005).

36.  Zheng, B. et al. CXCL13 neutralization reduces the severity of collagen-induced
arthritis. Arthritis Rheum 52, 620-626 (2005).

37.  Izmailova, E.S. et al. Use of molecular imaging to quantify response to IKK-2
inhibitor treatment in murine arthritis. Arthritis Rheum 56, 117-128 (2007).

38. Luo, J.L., Maeda, S., Hsu, L.C., Yagita, H. & Karin, M. Inhibition of NF-kB in cancer
cells converts inflammation- induced tumor growth mediated by TNFo. to TRAIL-mediated
tumor regression. Cancer Cell 6, 297-305 (2004).

39. Senftleben, U. et al. Activation by IKKa of a second, evolutionary conserved, NF-xB
signaling pathway. Science 293, 1495-1499 (2001).

EXAMPLE 2

To determine whether IKKB-driven NF-«B participates in development of CR-CaP,
we conditionally deleted the /&% gene in prostate epithelial cells of TRAMP mice, in which
CaP is induced by prostate specific expression of SV40 T antigen'?. Counter to previous
expectations®, IKK ablation in prostate epithelial cells had no effect on genesis and
progression of AD-CaP (Fig. 5) or development of CR-CaP after castration (Fig. 6). To
facilitate mechanistic analysis of CR-CaP development we used subcutaneous (SC) allografts
of the mouse AD-CaP cell line myc-CaP, which is derived from the FVB genetic
background". Silencing of IKKp in myc-CaP cells did not affect primary tumor growth or
CR-CaP re-growth in castrated FVB mice (Fig. 7).

By contrast, deletion of IKKp in interferon-responsive cells upon induction of Mx1-
Cre expression prevented castration-induced metastatic spread in TRAMP/ Ik ¥ dx1-Cre
mice (Fig. 8A). To narrow down the role of IKKf to bone marrow (BM)-derived cells
(BMDCs), we reconstituted irradiated F¥B mice with BM from kkf" Fand Ikk[)’A/ 4 mice
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(T 5" "F /My 1-Cre mice injected with poly(IC) to induce MxI-Cre) and inoculated the
resulting chimeras (Fig. 8B) with myc-CaP cells. Absence of IKKp in BMDC had no impact
on primary tumor growth, but delayed CR-CaP emergence after castration (Fig. 8C). A
similar delay in CR-CaP growth was seen in castrated tumor-bearing mice treated with

specific IKK] inhibitors'* '* (Fig. 8D and data not shown).

EXAMPLE 3

Dependence of CR-CaP emergence on IKKp in BMDC, suggested that androgen
deprivation elicits a tumor-associated inflammatory response. Castration of mice bearing
myc-CaP tumors resulted in CaP cell death, peaking within one week (Fig. 1A).
Concurrently, the regressing tumors were infiltrated with T and B lymphocytes, NK cells and
myeloid cell types (Fig. 1B; Fig. 9). Infiltration was transient, declining by 2 weeks after
castration. B and T lymphocyte infiltration was also detected in 100% of human CaP samples
(untreated patients with Gleason scores of 6-8), but B cells were undetectable in normal
prostate or benign prostatic hyperplasia (Fig. 1C). The mRNAs for many inflammatory
chemokines were also upregulated in the myc-CaP allografts, but no changes in AR mRNA
expression were found (Fig. 10A). These chemokines may recruit lymphoid and myeloid
cells into the regressing tumor. Indeed, antibody mediated inhibition of CXCL13, a B cell
chemoattractant'®, prevented castration-induced B cell recruitment (Fig. 10B,C).
Inflammatory cytokine mRNAs, including IL-6, IL-12, TNF-o and lymphotoxin (LT), were
also upregulated in the regressing myc-CaP allograft, but only LT expression was reduced
upon CXCL13 inhibition (Fig. 11). Castration resulted in nuclear export of AR, but after 3
weeks AR was nuclear again (Fig. 12), suggesting it is activated at late phases of CR-CaP

growth despite androgen depletion.

EXAMPLE 4
STAT3 was proposed to promote activation of unliganded AR". Indeed, STAT3 was

activated during CR-CaP emergence, faster than AR was (Fig. 13). MxI-Cre-mediated IKKf3
deletion, which was nearly complete in mature B and T lymphocytes (Fig. 14A), prevented
STATS3 activation in regressing tumors, but did not affect ERK and AKT activation (Fig.
14B). Immunohistochemical analysis confirmed STAT3 activation in CaP cells, inhibitable
by A490 (Fig. 14C), an inhibitor of STAT3 phosphorylation18 that delayed appearance of
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CR-CaP (Fig. 14D) but did not inhibit IKK activation (Fig. 15A). Conversely, ML120B did
not inhibit STAT3 activation (Fig. 15B).

EXAMPLE 5

Ablation of BMDC IKKp did not prevent leukocyte recruitment into regressing
tumors (Fig. 16) but did inhibit cytokine induction (Fig. 17). To further investigate the role of
lymphocytes, we used chimeric mice generated by transplantation of BM from lymphocyte-
deficient Rag!™~ mice. Although primary tumor growth was identical in mice receiving WT
or Rag]_/_ BM (Fig. 18A), CR-CaP growth was significantly delayed in mice receiving Ragl™
"BM (Fig. 2A), but not in mice reconstituted with BM from Tcrf” /8" mice (Fig. 18B),
which lack only mature T lymphocytes. CR-CaP growth was delayed in mice reconstituted
with BM from Ji mice (Fig. 18C), which lack mature B cells, or upon B cell depletion with
CD20 antibody'® (Fig. 18D). Reconstitution of RagI”~ FVB mice with splenic B cells, but not
T cells of FVB mice, restored rapid CR-CaP re-growth (Fig. 2A). Primary tumors, isolated
from Ragl '~ chimeric mice one week after castration, did not show STAT3 activation (Fig.
2B), but reconstitution with B cells, rather than T cells, restored castration-induced STAT3

phosphorylation (Fig. 2C).

EXAMPLE 6

CaP allografts from castrated, but not sham-operated, mice exhibited IKK o nuclear
translocation (Fig. 3A,B). Silencing of IKKa: in myc-CaP cells using siRNA (Fig. 19A) had
little effect on primary tumor growth, but delayed CR-CaP emergence (Fig. 3C). Nuclear
translocation of IKK o was dependent on IKKB in BMDC and on B cells, but not on T cells
(Fig. 3D). IKKa nuclear translocation parallels progression of human and murine CaP and
coincides with primary tumor infiltration with cells expressing IKK a-activating cytokines,
RANK ligand (RANKL) and LTa!l. Castration induced LT« and LT in regressing myc-CaP
allografts, but did not alter RANKL expression (Fig. 11). LT expression in regressing tumors
was absent in Rag/ "~ mice (Fig. 20A) and flow cytometry localized it to tumor infiltrating B
cells (TIBC; Fig. 20B). We characterized TIBC by 7-color flow cytometry with several
markers and a LTPR-Ig fusion protein to detect LT. The typical TIBC was a conventional,
mature B2 cell that expressed LT on its surface and was negative for B1 markers (Fig. 21).
IKKp deletion abolished LT expression by B cells (Fig. 4A), supporting the previously
suggested20 role of NF-«B in LTo/p induction.
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EXAMPLE 7

To examine whether LT production by tumor-infiltrating lymphocytes stimulates CR-
CaP growth, we transplanted BM from B-L¢8" or T-Ltf3” " mice, which lack LTp in either B
or T cells?!, into lethally irradiated mice. LTP ablation in B cells, but not in T cells, delayed
growth of CR-CaP (Fig. 4B) and abolished LTp expression within tumors but did not prevent
B cell or macrophage infiltration (Fig. 22). Treatment of mice with the LTBR-Ig decoy* was
as effective as B cell-specific LTP ablation in delaying CR-CaP growth (Fig. 4C) and
prevented IKKa and STAT3 activation (Fig. 23). Silencing of LTBR in Myc-CaP cells (Fig.
19B) also delayed CR-CaP growth (Fig. 4D). Exogenous LT maintained myc-CaP growth in
the presence of flutamide, a clinically used AR antagonist’, in a manner dependent on IKK o

(Fig. 4E), whose nuclear translocation was LT inducible (Fig. 4F).

EXAMPLE 8

Discussion of Examples 1-7

Data herein in Examples 1-8 demonstrate that an inflammatory response triggered by
death of androgen-deprived primary cancer is another important contributor to emergence of
CR-CaP. In addition to dying CaP cells, critical participants in this response are tumor
infiltrating B cells, which produce LTo:p heterotrimers that stimulate LTPR on CaP cells to
induce IKKo nuclear translocation and STAT3 activation, thereby enhancing androgen-
independent growth (Fig. 24). Interference with any component of this response results in a
significant and reproducible 3-4 week delay in appearance of CR-CaP.

Extrapolation from “mouse time” to “human time” suggests that interventions that
prevent LT production or signaling may delay appearance of CR-CaP in patients undergoing
androgen ablation therapy by 2.3 to 3.1 years.

Importantly, our results suggest that, at least for CaP, the inflammatory response
elicited by the dying primary tumor, contributes to the failure rather than the previously
proposed success of anti-cancer therapy”™. Without limiting the invention to a particular
mechanism, in one embodiment, necrotic cell death releases mediators, such as HMGB1#
and IL-1a?, that activate IKKpP and NF-kB and stimulate production of chemokines, one of
which, CXCL13, recruits B cells into the regressing tumor. Notably, TIBC were detected not
only in androgen-deprived mouse CaP, but also in human CaP. Although B cells were

reported to promote progression of skin carcinomas’ and exert immunosuppressive effects
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through activation of inhibitory Fc receptors on myeloid cells?, the critical tumor promoting
B cell function in our experimental model is production of LT, an IKK a-activating
cytokine®’, which promotes survival of androgen-deprived CaP. Another important function
of TIBC is activation of STAT3, an anti-apoptotic and pro-tumorigenic transcription factor.
Without limiting the invention to a particular mechanism, although the STAT3-activating
cytokine in this system is not identified, in one embodiment, castration induces expression of
STAT3-activating IL-6 and IL-12 family members. Furthermore, CaP cells use autocrine IL-
6 to stimulate their progression29 and activated STAT3 promotes ligand-independent AR
activation?. LT is also involved in the etiology of human CaP. An epidemiological study
revealed that reduced CaP risk due to consumption of non-steroidal anti-inflammatory drugs,
such as aspirin, is limited to men who express a common polymorphic LT allele that
specifies high LT producti0n30. Data herein in Examples 1-7 demonstrate that individuals
who are high LT producers are more likely to develop CR-CaP and thus would beneficit from
anti-LT therapy.

EXAMPLE 9

METHODS USED IN EXAMPLES 10-16

Mice

Mice were maintained under specific pathogen-free conditions, and experimental
protocols were approved by the University of California, San Diego Animal Care Program,
following National Institutes of Health (NIH) guidelines. TRAMP mice (Gingrich et al.,
1996) were intercrossed with Tieke 4 mice (Cao et al., 2001) for six generations to generate
Tk oM N TRAMP and Tika™»"/TRAMP mice that were of the FVB background. Males
were allowed to reach 12 weeks of age when they were castrated or sham operated as
described (Watson et al., 2005). Tumors were harvested 12 weeks later. For myc-CaP tumor
growth, 3X10° cells were s.c. injected into 6 weeks old F¥B mice (Watson et al., 2005).
Tumors were allowed to reach 500-1000 mm® before mice were castrated. Tumors were then
harvested at the indicated times. For prostate regeneration studies, 6 weeks old F¥B mice
(Ikka“/ T ko4 Iy or WT) were castrated. After 7 days, the mice received 3 s.c.
injections of 5 ug of testosterone propionate once every 4 days.

Human specimens
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Anonymous human prostate, benign prostatic hyperplasia and prostate cancer frozen
sections accompanied by pathology reports were provided by the Cooperative Human Tissue
Network.

Histological procedures

Tumors and prostates were immersed in 10% neutral buffered formalin before
sectioning and paraffin embedding. Sections were stained and processed as described (Luo
et al., 2007), using haematoxylin and eosin (H&E), or antibodies for IKKa. (Imgenex), BMI1
(Millipore) CD133 and p63 (Santa Cruz Biotechnologies), and ubi-H2A (Millipore) as
described. The density of nuclear staining was determined using Adobe Photoshop as
described (Lehr et al., 1997).

Analysis of RNA and protein expression

Total tissue RNA was prepared using RNAeasy (Qiagen). Quantitative PCR was
performed as described (Luo et al., 2004). Cells and tissues were lysed and analysed by SDS—
PAGE and immunoblotting with antibodies to BMI1 (Millipare), B-tubulin (Sigma), IKKa
{Imgenex), E2F1 (Sc-251), CBP (A-22) or HA {(Roche). Nuclear extracts were prepared and
analyzed for DNA binding as described {Ammirante et al., 2010).

Lentiviral transduction

siRNAs to mouse IKKo and BMI1 were cloned into pLSLPw, provided by I. Verma (the
Salk Institute), and lentivirus stocks were prepared as described (Luo et al., 2007). Virus-
containing supernatants were added to myc-CaP cells for 2 days with polybrene, and
transduced cells were selected in 5 pg ml™ puromycin (Invitrogen).

Statistical analyses

Results are expressed as means * s.e.m. or s.d. Data were analyzed by Student’s t-
test using the GraphPad Prism statistical program. Error bars depict s.e.m. or s.d. P values >
0.05 were considered insignificant, 0.01-0.05 were considered significant, 0.001-0.01 were
considered very significant and <0.001 were considered highly significant.

Chromatin Immunoprecipitation

Chromatin immunoprecipitation was performed as described (Kuraishy et al., 2007).
Briefly, fresh tumors were harvested, minced using razor blades, and cross-linked with 10%
formaldehyde for 10 min. The reactions were then quenched using glycine and the tumors

were digested with collagenase for 3 hrs. Single cell suspensions were used to prepare
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chromatin that was immunoprecipitated with antibodies to IKKa, BMI1, acetylated-H3, and
Ubi-H2A (Millipore), and E2F1 and CBP (Santa Cruz Biotechnologies). The primers used were
as follows:

Bmil promoter forward — 5" AAAGGCAGAGATCGGGAGAGA 3’

Bmil promoter reverse — 5’GGCCGAGCCGTATTATTCTGC 3’

Intergenic Chr. 8 forward — 5’ TTGGTGGGCCAATTTCTTCTGTGG 3’

Intergenic Chr. 8 reverse — 5’ TCCTCCTCAGGCTCAAATGCATGA 3’

Ink4A/Arf LOCUS #1 forward — 5" GAGTACAGCAGCGGGAGCAT 3’

Ink4A/Arf LOCUS #1 reverse — 5 GAACTTCACCAAGAAAACCCT 3’

Ink4A/Arf LOCUS #2 forward — 5" GTCCGATCCTTTAGCGCTGTT 3’

Ink4A/Arf LOCUS #2 reverse — 5' AGCCCGGACTACAGAAGAGAT 3’

Ink4A/Arf LOCUS #3 forward — 5’ CCGGAGCCACCCATTAAACTA 3’

Ink4A/Arf LOCUS #3 reverse — 5’ CAAGACTTCTCAAAAATAAGA 3’

EMSA

Nuclear extracts were prepared from tumors by incubation with Buffer A (25 mM
HEPES pH 7.6, 0.1 mM EDTA, 10% glycerol, 1mM DTT, 0.1 mM PMSF), homogenization,
passing through an insulin syringe 5 times and spinning down nuclei. The resulting pellets
were resuspended in Buffer B (Buffer A + 450 mM KCI) for 1 hr. 293T cell proteins were
immunoprecipitated 48 hrs after transfection with anti-HA (Roche) and washed 3 times in
RIPA lysis buffer. Immunecomplexes were eluted using an HA-peptide (Sigma) and added to
EMSA binding buffer (10 mM HEPES, 1.5 mM MgCl;, 1 mM EDTA, 0.5 mM DTT, 0.5 mM
PMSF, 10 mM KCl and 10% glycerol), with 1 ug poly di:dC and 1 ug of BSA. Nuclear extracts
were added to same buffer. Probes were added and the mixtures incubated for 20 min in
room temperature and gel separated at 4°C. For UV crosslinking experiments, probes and
proteins were co-incubated and placed in a UV Stratalinker 2400 (Stratagene) for 10 min.
The complexes were then immunoprecipitated with anti-HA, separated by SDS-PAGE and

visualized by autoradiography.

EXAMPLE 10
Castration-induced inflammation controls BMI1 expression via IKKa
Using subcutaneous (s.c.) allografts of the mouse androgen-dependent myc-CaP cell

line (Ellwood-Yen et al., 2003), we demonstrated that RNAi-mediated IKKa silencing
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retards the growth of CR-PCa (Ammirante et al., 2010; Figure 32A). However, myc-CaP
tumors are extremely aggressive and we have not succeeded in delaying their regrowth by
more than 3-4 weeks upon IKKa silencing, B cell ablation, CXCL13 neutralization or LT
antagonism (Ammirante et al., 2010). We therefore examined whether IKKa inhibition
affects growth of CR-PCa in TRAMP mice, which develop prostate adenocarcinoma within
12 weeks of age due to expression of SV40 T antigen from the prostate-specific probasin
(PB) promoter (Greenberg et al., 1995). Castration of TRAMP mice leads to temporary
tumor regression followed by emergence of CR-PCa that is more aggressive and more
metastatic than the initial tumor (Hurwitz et al., 2001). We crossed TRAMP mice to Jkko™
mice, in which the activation loop serines whose phosphorylation is required for IKK o
activation are replaced with alanines (Cao et al., 2001). As shown previously (Luo et al.,
2007), homozygocity for the Ikke** allele results in only a small retardation in primary tumor
growth (Figure 32B). At 12 weeks of age, TRAMP males that were either heterozygous or
homozygous for the Tkko/™ allele were castrated to mimic androgen withdrawal (Figure 32C).
After 12 additional weeks, prostates of these mice were subjected to histological analysis by
hemotoxylin and eosin (H & E) staining which revealed striking differences between

Ikke™” ;TTRAMP and Tkke™**/TRAMP tissues, with the heterozygous glands exhibiting a
much higher degree of cellularity and loss of prostatic architecture due to tumor growth
compared to prostates of homozygous mice (Figure 25A). Castrated Ikka™**TRAMP mice
also exhibited a considerable reduction in genitourital (g.u.) weight at 24 weeks of age
relative to Ikko™*/TRAMP mice (Figure 25B). Castration also induced nuclear
translocation of IKKa in PCa of Ikke/™*/TRAMP mice (Fig. 32D).

The role of IKKa in CR-PCa formation is unlikely to be exerted via NF-kB, as
deletion of IKKp, the primary NF-«xB activator in prostate epithelial cells of TRAMP mice or
in myc-CaP tumors, had no effect on CR-PCa (Ammirante et al., 2010). Because other
studies have suggested an NF-kB-independent role for nuclear IKK« in regulating histone
modifications and chromatin structure (Anest et al., 2003; Yamamoto et al., 2003), we
examined whether IKKa controls expression of polycomb group (PcG) proteins during CR-
PCa development. PcG proteins are histone modifying enzymes whose expression has been
mplicated in PCa progression, stage and clinical outcome (Berezovska et al., 2006;
Varambally et al., 2002; Yu et al., 2007). While expression of the PcG genes Ezhl, Ezh2,
Suzl2 and the DNA methyltransferase Dnmt! was not affected by castration of TRAMP

mice, expression of Bmil, encoding a critical component of the histone-ubiquitinating PRC1
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complex (Konuma et al., 2010; Wang et al., 2004), was significantly elevated in castrated
mice (Figure 25C). This increase was not seen after castration of Jkko*“4/TRAMP mice
indicating a dependency on IKKa activation (Figure 25D). An effect of castration on BMI1
expression was also observed in myc-CaP allografts, and was also IKKa dependent (Figures
25E-G, 32E). Because we have previously reported immune infiltration into PCa of castrated
mice (Ammirante et al., 2010) and Bmil expression is high in some immune cell subsets
(Konuma et al., 2010), we isolated epithelial cells from the tumors and confirmed that IKK a-
dependent upregulation of Bmil mRNA took place within these cells (Figure 32F).

EXAMPLE 11

Nuclear IKKo stimulates Bmil transcription

Adding further significance to our findings, BMI1 upregulation was seen in human
PCa but not in benign prostatic hyperplasia (Figure 26A). We also found a correlation
between nuclear IKKa and high BMI1 expression in human PCa (Figure 26B), and staining
of sequential PCa sections revealed high BMI1 expression in cells with nuclear IKK o (Figure
33A).

To examine the role of IKKa activation by inflammatory signals and Bmil
expression, we inhibited IKK o activation in mice bearing myc-CaP tumors either by IKKf
ablation in bone marrow derived cells or by injection of a LTBR-Fc fusion protein, which
inhibit CR-PCa formation and IKK o nuclear translocation (Ammirante et al., 2010). Both
treatments inhibited Bmil mRNA expression in tumors of castrated mice (Figure 26C,D). To
examine the role of IKK o nuclear translocation in Bmil transcription more directly, we
infected myc-CaP cells with lentiviral expression vectors encoding different isoforms of HA-
tagged IKK. o and examined effects on BMI1 expression. Constitutively active IKKa
(IKKa(EE)), in which the activation loop serines were replaced with phosphomimetic
glutamate residues (Senftleben et al., 2001), increased BMI1 mRNA and protein amounts
(Figure 26E,F). However, the inactivateable IKKa.(AA) construct was ineffective and an
IKKa(EE) construct with a defective nuclear localization signal (NLS) (IKKa(EE-NLS)) (Sil
et al., 2004) was also a poor inducer of BMI1 expression. Ruling out the possibility that this
phenomenon was murine-specific, similar results were obtained in the human PCa cell line
DU145 (Figure 33B). These data strongly suggest that active IKK o that can enter the nucleus

upregulates Bmil transcription.
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Nuclear IKKa can associate with certain genes and modulate their expression (Anest
et al., 2003; Luo et al., 2007; Yamamoto et al., 2003). We therefore performed chromatin
immunoprecipitation (ChIP) experiments to examine whether IKK o is recruited to the Bmil
promoter. In HA-IKKo(EE) expressing myc-CaP cells, ChIP with either IKKa, or HA
antibodies revealed an association between active IKKa and the Bmil promoter (Figure
26G). Furthermore, using chromatin from myc-CaP allograft tumors, an association between
endogenous IKKa and the BMI1 promoter was seen 2 weeks after castration but not in sham
operated mice (Figure 33C) Indicating specificity, this association was not seen in castrated

mice inoculated with myc-CaP cells whose endogenous IKKa was silenced (Figure 33D).

EXAMPLE 12

IKKa interacts with the Bmil promoter via E2F1

As IKKa has no recognizable DNA-binding domain and is unlikely to bind DNA
directly, we hypothesized that IKK« is recruited to the Bmil promoter through an interaction
with a sequence-specific transcription factor. After ruling out involvement of NF-xB in IKKa
recruitment (data not shown), we examined whether IKK o, interacts with E2F1, as the latter
was reported to bind and activate the Bmil promoter (Nowak et al., 2006) and recruit IKK o
to certain target genes (Tu et al., 2006). ChIP experiments with an E2F1 antibody
demonstrated that like IKKa, E2F1 bound to the Bmil promoter only after castration and in
an IKKa-dependent manner (Figure 27A). To confirm the IKKa~-dependence of E2F1
binding to the BMI1 promoter, we performed electophoretic mobility shift assays (EMSAs)
with nuclear extracts from myc-CaP tumors and a 30 bp oligonucleotide representing the
E2F1 binding site from the Bmil promoter. This experiment supported the ChIP results as it
revealed E2F-specific protein-DNA complexes only in lysates of IKK a-expressing myc-CaP
tumors isolated 2 weeks after castration (Figure 27B). These differences are not due to any
effects of IKKa or castration on E2F1 expression (Figure 34A). c-Myc is another Bmil
transcriptional activator (Guo et al., 2007), but its association with the Bmil promoter in
myc-CaP cells was not affected by castration (Figure 34B). To further confirm the IKK o
dependency of E2F1 binding to the Bmi/ promoter, we immunoprecipitated HA-tagged
IKKo(EE) and E2F1 from transiently transfected 293T cells and performed UV-crosslinking
experiments to determine which protein directly contacts the Bmil E2F1 binding site. This

analysis revealed a radiolabeled band at approximately 60 kDa (the molecular weight of
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E2F1) and a very faint band around 85 kDa (the molecular weight of IKKc); both bands
appeared only if E2F1 was co-expressed with activated IKKa (Figure 27C). Neither E2F1
nor IKKo(EE) alone exhibited detectable interaction with the BMI1 E2F1 binding site.

Co-immunoprecipitation experiments in 293T cells revealed an interaction between
E2F1 and activated IKK o (Figure 27D and 34C). We also examined whether IKK o regulates
E2F1 activity via CBP, which acetylates E2F1 to increase its stability and DNA binding
activity (Galbiati et al., 2005; Tanari et al., 2004; Trouche and Kouzarides, 1996; Tu et al.,
2006) and can be recruited to certain promoters via IKKa. (Hoberg et al., 2006; Huang et al.,
2007). Co-immunoprecipitation revealed an interaction between E2F1 and CBP, but only in
the presence of IKKa (Figure 27D). ChIP experiments supported these results by revealing
IKKoc-dependenf recruitment of CBP to the Bmil promoter after castration (Figure 27E).
These experiments suggest that IKKa recruits CBP to E2F1 resulting in E2F1 acetylation and
stabilization. E2F1 then recruits the complex containing IKKo and CBP to the Bmil
promoter. This model is further supported by IKKa-dependent and castration-induced H3
acetylation at the Bmil promoter in myc-CaP tumors (Figure 27F). In additional experiments,
we found that transient transfection of an E2F1 expression vector into myc-CaP cells led to 3-
fold increase in Bmil mRNA expression that was IKKa-dependent (Figure 34D).
Collectively, these results suggest that IKK o stimulates Bmi! transcription through its
interaction with E2F1 (or a closely related factor) and CBP (or p300).

To determine if the functional cooperation between IKKo and E2F1 was unique to the
Bmil gene, we examined binding of E2F1 to the Ccne (cyclin E) promoter, a well-
documented E2F1 target (Ohtani et al., 1995). Similar to the Bmil promoter, E2F1 was
recruited to the Cene promoter only after castration and in an IKKa-dependent manner
(Figure 34E). Furthermore, castration-induced expression of cyclin E was IKKa-dependent
(Figure 34F). Thus, IKK o activation is important for the transcriptional induction of several

E2F1 targets during castration.

EXAMPLE 13

BMI1 is required for castration-resistant tumor growth

To determine if BMI1 is needed for CR-PCa regrowth, we used RNAi to deplete
BMI1 in myc-CaP cells. Using two different siRNAs, we were able to achieve a considerable

reduction in BMI1 protein amounts (Figure 28A). However, after 4 weeks of s.c. tumor
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growth, BMI1 expression was restored. Noneweiess, bivill suencing 1ed 1o a signiricant
reduction in primary tumor growth (Figure 28B). We ectopically expressed BMI1 in myc-
CaP cells whose IKKa expression was silenced with siRNA (Figure 28C). Unlike BMI1-
silenced cells, IKKa-deficient myc-CaP cells retained IKKa silencing after s.c. growth,
which was IKK a-independent prior to castration (Ammirante et al., 2010). IKK« silencing
delayed the regrowth of CR-PCa by about 3 weeks, but ectopic expression of BMI1 in IKK -
silenced cells strongly enhanced their regrowth in castrated mice (Figure 28D). In fact, BMI1
transduced cells re-grew faster than the parental myc-CaP cells after castration. Curiously, 3
weeks after castration IKK a-silenced myc-CaP cells have managed to regain BMI1
expression (Figure 28E), thus explaining the temporary nature of the delay in tumor regrowth
caused by IKKa silencing in myc-CaP cells.

BMI1 was suggested to promote cell proliferation and inhibit senescence through
epigenetic silencing of the p! 6Ink4a/p] 9 locus (Jacobs et al., 1999). Consistent with this
notion, tumors formed by IKKa-silenced myc-CaP cells exhibited elevated pl16 and p19
expression, but ectopic expression of BMI1 in IKKa-silenced myc-CaP tumors reduced pl16
and p19 expression to their basal levels (Figure 29A). Interference with LT signaling also
resulted in elevated p16 and p19 expression in myc-CaP tumors of castrated mice (Figure
29B). BMII1 and other PRC1 components silence the /nk4a/Arflocus through direct binding
and H2A ubiquitination (Wang et al., 2004). To examine BMII recruitment to the Ink4a/Arf
locus in response to castration and IKKa activation, we designed three primer pairs adjacent
to the p79™™ and pJ6™** promoters (Figure 35). ChIP experiments indicated that castration
increased BMI1 recruitment to all 3 sites and that this increase was IKKa-dependent, with
recruitment to sites 1 and 2 being statistically significant (Figure 29C). Furthermore, the

6™ promoter (sites 2 and 3) was considerably increased after

presence of ubi-H2A at the p!
castration and the increase was IKKa-dependent (Figure 29D). There was also a significant

increase in total ubi-H2A within PCa cells after castration in both the myc-CaP and TRAMP
models that was IKKa-dependent (Figure 29E,F). We also found significantly increased ubi-
H2A staining in human PCa specimens relative to normal prostatic tissue or benign prostatic

hyperplasia (Figure 29G), as well as a significant correlation coefficient of 0.94 between
BMI1 and ubi-H2A staining of these samples.

EXAMPLE 14
IKKo and BMI1 accumulate in CD133" cells and control their abundance
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BMI1 acts within PCa stem cells to control their self-renewal and abundance (Lukacs
et al., 2010). We examined whether IKK o accumulates within CD133" cells, a population
reported to include PCa stem cells (Richardson et al., 2004). Castration augmented the
abundance of CD133" cells within myc-CaP tumors and increased the fraction of CD133"
cells with nuclear IKK o by 6-7-fold (Figure 30A,B). IKKa-silencing in myc-CaP cells
inhibited the castration-induced increase in the frequency of CD133" cells, but expression of
ectopic BMI1 in IKKa-silenced myc-CaP cells strongly increased CD133" cell abundance
(Figure 30C,D), supporting previous reports which implicate BMI1 in self-renewal and
activation of cancer stem cells/progenitors (Lobo et al., 2007). Although increased CD133
expression may reflect infiltration of CD133" hematopoietic cells into the tumors, we have
not seen differences in hematopoietic cell infiltration between mock and IKK a-silenced
tumors (data not shown). The effect of castration and IKKa is not unique to CD133, as
expression of other prostate cancer stem cells/progenitor markers (SOX2 and Nanog) had
also increased after castration, in an IKKc.-dependent manner (Figure 30E). The
preponderance of another prostate cancer stem cell marker, p63, also increased after

castration and correlated with nuclear IKKa (Figure 30F,G).

EXAMPLE 15

Inflammatory activation of IKKa is required for androgen-induced regrowth of
the normal prostate

The ability of prostate tumors to regenerate after androgen ablation is likely to be due
to activation of prostate cancer stem cells (Maitland and Collins, 2008), a process that is
BMI1-dependent (Lukacs et al., 2010). BMIL1 is also involved in renewal of normal tissue
stem cells (Lobo et al., 2007), including prostate stem cells (Lukacs et al., 2010). We
therefore examined whether IKK o activation is required for androgen-induced growth of the
involuted prostate of castrated mice, which is initiated by stem cells/progenitors (English et
al., 1987; Karhadkar et al., 2004). We castrated Tike™* and Ik mice and after 7 days
injected them three times with testosterone to induce prostate regrowth (Figure 3 1A).
Immunohistochemistry revealed nuclear translocation of IKKa. within 14 days after castration
in Ikka™Y" mice (Figure 31B). In these mice, androgen supplementation induced prostate
regrowth, but this response was abrogated in Tkke™VA* mice (Figure 31C). In addition,
castration induced Bmil mRNA accumulation in the normal prostate, as it did in tumors, and

the increase was IKKa-dependent (Figure 31D). We also examined whether B cells, which
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were found to infiltrate the prostate after castration (Figure 36A) are required for androgen-
induced prostate regrowth, similar to their role in CR-PCa (Ammirante et al., 2010). We
performed a castration-regeneration experiment on B cell deficient JA™~ mice (Chenetal.,
1993). Indeed, the B cell deficiency severely attenuated androgen-induced prostate regrowth
(Figure 31E) and compromised Bmi! induction (Figure 31F). No B cells were detected in the
involuted prostates of JA”~ mice (Figure 31G). Similar, but more modest, attenuation of
prostate regeneration was seen in mice treated with the B cell-depleting CD20 antibody

(Figure 36A-C).

EXAMPLE 16

Discussion of Examples 9-15

The results described above in Examples 9-15 demonstrate the critical role played by
an inflammatory response in tissue regeneration following injury. The importance of
inflammation in tissue repair and wound healing has been well appreciated (Singer and Clark,
1999), but it has been thought that the reparative functions of inflammation are largely
limited to clearance of dead cells, deposition of extracellular matrix and stimulation of
fibroblast proliferation (Velnar et al., 2009). Furthermore, the mechanisms by which tissue
injury and tumor debulking lead to activation of signaling pathways and transcription factors
that are involved in tissue regeneration and tumor recurrence, namely the Wnt and Hedgehog
pathways (Beachy et al., 2004), are unknown.

Data herein in Examples 9-15 show that androgen-induced regrowth of the involuted
prostate of castrated mice is highly dependent on an inflammatory response, most likely
triggered by the death of androgen-deprived prostate epithelial cells, that is also responsible
for rapid emergence of CR-PCa. This inflammatory response results in IKKa. activation
within residual prostate cells, presumably the stem cells that survive androgen ablation and
drive prostate regeneration and CR-PCa emergence (Maitland and Collins, 2008). Activated
IKKoa is needed for upregulation of BMI1, a critical component of the histone-ubiquitinating
PRCI complex, whose role in stem cell self-renewal is well established (Lobo et al., 2007).
The same inflammation-driven pathway, consisting of B cells, LT, IKKo and BMI1, that is
needed for prostate regeneration, is also required for development of CR-PCa in two different
mouse PCa models — the transplantable androgen-dependent myc-CaP cell line (Watson et
al., 2005) and the TRAMP mouse (Gingrich et al., 1997). While androgen deprivation

therapy is a frequently used treatment for PCa, it only leads to temporary tumor regression
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and facilitates emergence of CR-PCa, which is often incurable and lethal (Gulley et al.,
2003). Although newly developed androgen receptor (AR) antagonists are likely to reduce
occurrence of CR-PCa (Tran et al., 2009), there is certainly a need for new measures to
counteract this major cause of cancer deaths in men (American Cancer Society, 2010). Data
herein in Examples 9-15 shows that interference with the IKK a-dependent pathway of BMI1
induction in androgen-deprived PCa stem cells, represents a valid therapeutic approach to be
used as an adjuvant for androgen-ablation.

TKKo, inflammation, stem cell activation and tissue regeneration

Tissue regeneration is likely to depend on activation of resident stem cells following
injury. A key question, however, is how adult tissue stem cells sense injury and undergo
activation and proliferation. Inflammation, which accompanies tissue injury, was recently
implicated in stem cell activation through increased production of reactive oxygen species
(Tto et al., 2004) and cytokines (Audet et al., 2001; Widera et al., 2006). However, the
mechanisms by which these inflammatory manifestations trigger stem cell activation are not
entirely clear. While not intending to limit the invention to a particular mechanism, in one
embodiment, inflammation-responsive transcription factors, such as STAT3 and NF-«B, may
be involved. It is also unclear whether the mechanisms of stem cell activation during normal
tissue regeneration also account for cancer recurrence after therapy, though the latter may
also be associated with inflammation (Vakkila and Lotze, 2004; Zong and Thompson, 2006).
Data herein in Examples 1-15 illustrate a mechanism applicable to both normal tissue
regeneration and cancer recurrence after therapy and demonstrate that contrary to prior
expectations neither process is cell autonomous. In both cases, the trigger for the
inflammatory response is androgen deprivation, which results in death of the normal prostate
epithelium and androgen-dependent PCa cells. Cell death results in release of mediators that
induce expression of chemokines that cause infiltration of immune cells into the injured
tumor (Ammirante et al., 2010} or the prostate. Amongst the different cell types recruited by
these chemokines, a critical role is played by B cells. As discussed above in Examples 1-8,
we found that B cells accelerate development of CR-PCa by serving as a critical source of
LT, a TNF family member that activates [KKa in PCa cells that survive androgen
deprivation. The present results in Examples 9-15 identify B cells as critical stimulators of
androgen-induced prostate regrowth, presumably by the same mechanism. While much
research has been built upon the assumption that the major driver of CR-PCa is dysregulated

AR activation through AR overexpression (Visakorpi et al., 1995), AR mutations (Taplin et
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al., 1995), or increased intratumoral androgen production (Holzbeierlein et al., 2004), our
results demonstrate that this process (Examples 1-8), along with regeneration of the normal
prostate (Examples 9-15), is also dependent on B lymphocytes and IKKa signaling.

While not limiting the invention to a particular mechanism, in one embodiment,
IKKa stimulates proliferation of the putative stem cells/progenitors responsible for
emergence of CR-PCa and androgen-induced prostate regeneration presumably through
induction of BMI1. The role of BMII in both of these processes is previously addressed
(Lobo et al., 2007; Lukacs et al., 2010). Data herein in Examples 9-15, however, show that
IKKa activity, presumably via BMI1, is required for elevated expression of a number of PCa
stem cell markers, including CD133, p63, Nanog, and Sox2 in androgen-deprived PCa
tumors. Most importantly, data herein in Examples 9-15 provide a clear demonstration that
tissue regeneration is not an entirely cell autonomous process. Furthermore, a requirement for
B cells in prostate regeneration has never been reported.

IKKa couples inflammation to epigenetic chromatin modifications

Alterations of chromatin modifications and structure are a common occurrence in
cancer, consistent with the participation of epigenetic mechanisms in tumorigenesis (Jones
and Baylin, 2007). Quite often, epigenetic alterations in cancer lead to silencing of tumor
suppressor loci. However, the microenvironmental signals and pathways that trigger these
epigenetic modifications are poorly understood. Our results in Examples 1-15 demonstrate
that at least during development of CR-PCa, IKKa activation leads to H2A ubiquitination
and eventual repression of the tumor suppressor p6™“%/p 19 locus, presumably through
BMI1. Notably, a correlation between nuclear accumulation of IKKa, elevated BMI1
expression and enhanced H2A ubiquitination was seen in both mouse and human PCa,
suggesting that this epigenetic function of IKKa may be conserved.

While not limiting the invention to a particular mechanism, in one embodiment, the
ability of IKK . to induce Bmil transcription is mediated through its interaction with E2F1
which results in E2F1 recruitment to the Bmil promoter. Based on our present results and
previous studies indicating that CBP potentiates E2F1 DNA binding and activity (Trouche
and Kouzarides, 1996; Tu et al., 2006), a likely mechanism may involve IKK oi-mediated
recruitment of CBP (or the related molecule p300) to E2F1 and enhancement of E2F1 DNA
binding by CBP-mediated acetylation. IKKa may mediate this recruitment by
phosphorylation of CBP, which can also modulate CBP activity (Huang et al., 2007). E2F1

activity is also subject to negative regulation through an interaction with Rb (DeGregori and
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Johnson, 2006). Without limiting the invention to a particular mechanism, the inventors
believe that it is rather unlikely that IKKa controls E2F1 activity via Rb because IKKa-
mediated Bmi! induction is seen both in myc-CaP tumors and in TRAMP mice, but the latter
express SV40 T antigen in their PCa cells which should sequester Rb away from E2F1
(DeCaprio et al., 1988).

IKK o may modulate chromatin structure and affect expression of tumor suppressors
through BMI1-independent mechanisms, as it was reported to promote H3 phosphorylation
(Anest et al., 2003; Yamamoto et al., 2003) and SMRT derepression (Hoberg et al., 2006).
Through effects on NF-xB, IKK«a may also promote expression of the histone demethylase
Jmjd3 (De Santa et al., 2007).

Translational implications

The requirement for IKK . activation in BMI1 induction and tumor and tissue
regeneration was seen in three different scenarios: the myc-CaP and TRAMP models for PCa
and androgen-induced regeneration of the normal prostate. Thus, this requirement is not
model specific and should not be affected by the limitations of either PCa model.
Furthermore, data herein in Examples 9-15 show a strong correlation between presence of
nuclear (i.e. activated) IKKa and BMI1 expression and between BMI1 expression and the
total content of ubi-H2A in human PCa specimens. While not limiting the invention to a
particular mechanism responsible for IKKa activation/nuclear accumulation in human PCa,
in one embodiment, the injury-induced mechanism of IKKa activation which depends on B
lymphocytes and LT signaling is likely to be evolutionary conserved and not restricted to the
mouse. Indeed, elevated expression of the B cell chemoattractant CXCL13 was observed in
human PCa and found to correlate with clinical grade (Singh et al., 2009). In addition, a
common genetic polymorphism that affects LT expression correlates with the effect of non-
steroidal anti-inflammatory drugs (NSAIDs) on PCa incidence (Liu et al., 2006). Data herein
in Examples 9-15 suggests that B cell-depleting drugs, such as antj-CD20 (Rituximab) and
inhibitors of LT signaling, such as the LTPR-Fc fusion protein, are efficacious adjuvants to
standard androgen ablation therapy. Based on our mouse studies, we predict that such
combinations should reduce one or both the occurrence of castration resistance and metastatic

spread, the major causes of death in PCa.
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CLAIMS

We claim:

1. A method for reducing one or more of (a) growth of castration resistant prostate
cancer (CaP) cells in a tissue and (b) metastasis of castration resistant prostate cancer (CaP)
cells in a tissue, in a mammalian subject in need thereof, comprising administering to said
subject a therapeutically effective amount of a compound that reduces one or more of

(1) the number of B cells in said tissue, and

(ii)  the function of B cells in said tissue.

2. The method of Claim 1, further comprising detecting a rednction in one or more of
a) growth of said castration resistant prostate cancer (CaP) cells,
b) said metastasis of castration resistant prostate cancer (CaP),
¢) the number of said B cells in said tissue, and

d) the function of said B cells in said tissue.

3. The method of Claim 1, wherein said compound reduces the number of B cells in

said tissue.

4. The method of Claim 3, wherein said compound comprises antibody that

specifically binds to lymphotoxin-f.

5. The method of Claim 3, wherein said compound comprises LTER-Ig.

6.The method of Claim 3, wherein said compound reduces the level of expression of

lymphotoxin-f.

7. The method of Claim 6, wherein said compound comprises antibody that

specifically binds to CXCL13.

8. The method of Claim 6, wherein said compound comprises ML120B.

9. The method of Claim 6, wherein said compound comprises IKK2 V1 inhibitor.
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10. The method of Claim 3, wherein said compound comprises antibody that

specifically binds to CD20.

11. The method of Claim 3, wherein said compound comprises antibody that
specifically binds to CD19.

12. The method of Claim 1, wherein said compound reduces one or more function of

B cells.

13. The method of Claim 12, wherein said compound comprises an IKKp inhibitor.

14. The method of Claim 13, wherein said IKK inhibitor is selected from the group
consisting of ML120B, IKK2 VI inhibitor, PS-1145 dihydrochloride, BMS-345541 and LC-
1.

15. The method of Claim 1, further comprising administering STAT3 to said

mammal.

16. The method of Claim 1, wherein said subject is human.

17.The method of Claim 1, wherein prior to said administering, said tissue in said
subject has received one or more treatment selected from the group consisting of surgery,

radioablation, and treatment with an anti-androgen compound.

18.The method of Claim 1, wherein said administering is prior to detecting a
symptom of one or more of (a) said growth of castration resistant prostate cancer (CaP) cells
in said tissue, and (b) said metastasis of castration resistant prostate cancer (CaP) cells in a

tissue.
19.The method of Claim 1, wherein said administering is after detecting a symptom of

one or more of (a) said growth of castration resistant prostate cancer (CaP) cells in said

tissue, and (b) said metastasis of castration resistant prostate cancer (CaP) cells in a tissue.
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20. A method for reducing androgen-induced growth of prostate epithelial cells in a
mammalian subject in need thereof, comprising administering to said subject a
therapeutically effective amount of a compound that reduces one or more of

1) the number of B cells in said tissue, and

5 (i1) the function of B cells in said tissue.

21. The method of Claim 20, further comprising detecting a reduction in one or more
of
a) androgen-induced growth of said prostate epithelial cells,
10 b) the number of B cells in said tissue, and

¢) the function of B cells in said tissue.
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Figure 34
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