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Figure 8C
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(shown left to right)

Figure 10A
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Figure 10B
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Figure 11A
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Figure 11B

(shown clockwise from twelve o’clock)
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Figure 29H
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METHODS OF PREDICTING
RESPONSIVENESS TO CANCER THERAPIES

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0001] This invention was made with government support
under grant number PSOCA180995 awarded by the National
Institutes of Health. The government has certain rights in the
invention.

BACKGROUND OF DISCLOSURE

Field of Invention

[0002] This disclosure relates to biomarkers and methods
of treatment for cancer.

Technical Background

Cancer Biomarkers

[0003] A biomarker is an objectively measured character-
istic that describes a normal or abnormal biological state in
an organism that can be identified by analyzing biomol-
ecules such as DNA, RNA, protein, peptide, and biomol-
ecule chemical modifications associated with the normal or
abnormal biological state. The World Health Organization
broadly defines the term as follows: “A biomarker is any
substance, structure or process that can be measured in the
body or its products and influence or predict the incidence of
outcome or disease.” More specifically in terms of clinical
utility, a cancer biomarker may measure the risk of devel-
oping cancer in a specific tissue or, alternatively, may
measure risk or degree of cancer progression or potential
response to therapy. Besides providing useful information
for guiding clinical decision making, cancer biomarkers are
increasingly linked to specific molecular pathway deregu-
lation and/or cancer pathogenesis to justify application of
certain therapeutic/interventional strategies.

[0004] Cancer biomarkers can be classified into various
categories based on their usage. Predictive biomarkers pre-
dict response to specific therapeutic interventions. Prognos-
tic biomarkers, on the other hand, may not be directly linked
to or trigger specific therapeutic decisions, but can be used
to inform physicians regarding the risk of clinical outcomes
such as cancer recurrence or disease progression in the
future. Another class of biomarker, the diagnostic biomarker,
is used to identify whether a patient has a specific disease
condition.

Types of Cancer Therapies in Need of Relevant Biomarkers

[0005] PI3K inhibitors. Phosphoinositide 3-kinases
(PI3K) are involved in multiple cellular processes including
metabolism, motility, proliferation, growth, and survival,
and are the most frequently dysregulated pathways in human
cancers. More than 40 inhibitors of the PI3K signaling
pathway have reached different stages of clinical develop-
ment, but few—including temsirolimus, everolimus, idela-
lisib, and copanlisib—have been approved for clinical use.
Both limited single-agent activity and lack of predictive
biomarkers have plagued the development of therapies for
this promising pathway.

[0006] PARP inhibitors. Poly (ADP-ribose) polymerase
(PARP) is an important protein in DNA repair pathways. In
cancer treatment, blocking PARP can prevent cancer cells

Jan. 21, 2021

from repairing their damaged DNA, causing them to die.
PARP inhibitors have been of interest in both single-agent
regimens as well as combination therapy approaches.
[0007] STING agonists. Agonists of stimulator of inter-
feron genes (STING), a receptor that triggers an immune
response when stimulated by pathogen DNA, have recently
attracted interest as cancer immunotherapies, with several
agents now in clinical trials.

[0008] Immune checkpoint blockade. Checkpoint inhibi-
tor therapy, or immune checkpoint blockade, is another
treatment paradigm for cancer that leverages the body’s
immune system to achieve a therapeutic effect. Checkpoint
inhibitors prevent checkpoint proteins (e.g., PD-1) from
binding to their partner proteins or ligands (e.g., PD-L.1) and
thereby reverse an “off” switch mechanism that prevents
immune cells from attacking cancer cells. Investigations of
immune checkpoint inhibitors, such as PD-1 inhibitors have
primarily focused on enhancing T-cell function, in part,
through increased type II IFN production. While a number
of these inhibitors have shown great clinical promise, the
percentage of patients estimated to respond to currently
available checkpoint inhibitor drugs was only 12.46% in
2018.

[0009] In light of the challenges in development and low
percentages of successful outcomes for some of these thera-
peutic approaches, means for assessing patients before
administration of therapies are becoming increasingly criti-
cal. There is a need for clinically useful biomarkers, par-
ticularly predictive biomarkers, both in developing new
cancer therapies and in selecting patient treatment regimens.

SUMMARY OF THE DISCLOSURE

[0010] This disclosure describes methods of using bio-
markers to improve outcomes in the treatment of cancer.

[0011] As described below, in one aspect, the disclosure
provides a method of treating cancer in a subject, comprising

[0012] determining a PTEN status of a tumor of the
subject; and
[0013] administering a PARP inhibitor and a PI3Kinase

inhibitor to the subject if the status of the tumor is deter-
mined to be PTEN-proficient.

[0014] Inone embodiment of the first aspect, the cancer is
prostate cancer. In another embodiment, the method further
includes administering androgen deprivation therapy to the
subject. In another embodiment, determining the PTEN
status comprises taking a tissue biopsy from the tumor of the
subject. In another embodiment, determining the PTEN
status comprises next generation sequencing and/or immu-
nohistochemistry. In another embodiment, the method fur-
ther includes administering an immune checkpoint block-
ade-targeting therapy to the subject.

[0015] In a second aspect, the disclosure provides a
method of treating cancer in a subject, comprising

[0016] determining a PTEN status of a tumor of the
subject; and
[0017] administering a STING agonist to the subject if the

status of the tumor is determined to be PTEN-deficient,

[0018] wherein the tumor is PTEN-deficient if one or more
cells within the tumor is determined to be PTEN-deficient.
[0019] Inone embodiment of the second aspect, the tumor
is PTEN-deficient if one or more cells within the tumor is
determined to be PTEN-deficient. In another embodiment,
the cancer is prostate cancer. In a further embodiment, the
method further includes administering androgen deprivation
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therapy to the subject. In another embodiment, the subject is
non-responsive to androgen deprivation therapy. In a further
embodiment of the second aspect, the cancer is ovarian
cancer, such as advanced ovarian cancer. In a further
embodiment of the second aspect, the cancer is endometrial
cancer. In one embodiment, the method can further include
administering chemotherapy to the subject. In another
embodiment, determining the PTEN status includes taking a
tissue biopsy from the tumor of the subject. In another
embodiment, determining the PTEN status comprises
employing next generation sequencing and/or immunohis-
tochemistry. In some embodiments, the STING agonist is
BMS-986301.

[0020] In another embodiment, the method can further
include administering a PI3Kinase inhibitor to the subject.
[0021] In a third aspect, the disclosure provides a method
of treating cancer in a subject, comprising

[0022] detecting the presence of DNA double-strand break
fragments associated with an exosome or a microvesicle in
a tumor microenvironment; and

[0023] administering an immune checkpoint blockade-
targeting therapy and a PI3Kinase inhibitor to the subject if
DNA double-strand break fragments associated with an
exosome or a microvesicle in the tumor microenvironment
are detected.

[0024] In one embodiment of the third aspect, detecting
the presence of DNA double-strand break fragments com-
prises taking a blood sample from the subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings are included to pro-
vide a further understanding of the methods and composi-
tions of the disclosure, and are incorporated in and constitute
a part of this specification. The drawings illustrate one or
more embodiment(s) of the disclosure, and together with the
description serve to explain the principles and operation of
the disclosure. For all figures: *p<0.05; **p<0.01; ***p<0.
001; ****p<0.0001 between indicated groups or compared
to control or as otherwise indicated per figure; ns=not
statistically significant.

[0026] FIGS. 1A-1C. Most primary and metastatic pros-
tate tumors lack a T cell-inflamed gene signature. (1A) Gene
expression from The Cancer Genome Atlast (TCGA) &
SU2C databases; (1B) Transparent Tissue Tomography and
scRNASeq analysis (1C) of metastatic lymph node biopsy
from metastatic castration-resistant prostate cancer
(mCRPC) patient progessing on rucaparib/nivolumab.
[0027] FIGS. 2A-2D. Low stimulator of interferon genes
(STING) expression and myeloid activation markers within
tumor-associated macrophages (TAMs) correlate with
reduced survival in primary prostate cancer (PC). (2A)
c¢GAS and STING expression; (2B) Immune profiling of
metastatic bone marrow aspirate following progression on
ipilumumab/nivolumab showing dominant presence of
myeloid cells (MDSCs); (2C) BCR curves for Low and High
PCM groups myeloid activation (2D) relative gene expres-
sion of activated genes.

[0028] FIGS. 3A-3C. Additive DNA Damage in Myc-
driven PC cells treated with pan-phosphoinositide 3-kinase
inhibitor/poly(ADP-ribose) polymerase inhibitor (PI3Ki/
PARPi) combination. (3A) Schema showing double-
stranded DNA (dsDNA) based activation of STING path-
way; (3B) cyclic GMP-AMP synthase (c-GAS)/STING
pathway expression in cancer cell lines. Western blotting
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was performed on protein extracts from Myc-CAP (STIN-
G’) and B6-myc (STING™) cells, with the indicated c-GAS/
STING pathway protein markers; (3C) Quantification of
dsDNA/cell within cancer cells.

[0029] FIGS. 4A-4D. PARP1/PI3Ki/Androgen deprivation
therapy (ADT) Induces Tumor Regression in Myc-CAP via
a Non-Tumor Cell Autonomous Immune Mechanism. Syn-
geneic phosphatase and tensin homolog (PTEN)-proficient
Myc-CAP tumor-bearing immuno-competent FVB mice
(4A); immuno-deficient mice (4B); castrated immuno-com-
petent mice without anti-PD-L1 antibody (4C); and castrated
immuno-competent mice with anti-PDL1 antibody (4D)
were treated with the drugs indicated. Measurements were
collected until tumor volumes reached 2000-2500 mm?>. For
all groups, n=3-5 mice.

[0030] FIGS. 5A and 5B. The combination of PARPi/
PI3Ki/ADT results in increased macrophage activation and
CDS8 T cell infiltration within Myc-CAP tumors, which is
enhanced by immune checkpoint blockade (ICB). Relative
mean fluorescence intensity (MFI) for major histocompat-
ibility complex II (MHC-II) on macrophages (CD45+
CD11b+F480+) (5A) and % CD8 T cells (5B) in Myc-CAP
tumors of uncastrated mice and chemically castrated (via
degarelix) mice (5C and 5D, respectively) for indicated
treatment groups.

[0031] FIGS. 6A and 6B. PARPi/PI3Ki-induced macro-
phage activation is dependent on STING. (6A) Tumor
growth curves for B6MYC in STING+/+ & STING-/-
mice; (6B) interferon beta (IFNB1) secretion by STING+/+
& STING-/- bone marow-derived macrophages (BMDM)
co-cultured with drug treated tumor cells.

[0032] FIGS. 7A-7D. DNA damage-induced STING path-
way activation within tumor-associated macrophages is
mediated via microvesicles or exosomes carrying dsDNA.
(7A) shown left to right: Untreated, DMXAA, Rucaparib,
BKM120, and Rucaparib+BKM120, IFNB1 secretion in the
presence & absence of GW4869; (7B) shown left to right:
Untreated, Rucaparib, BKM120, and Rucaparib+BKM120,
Exosome quantification; (7C) Exosomal dsDNA concentra-
tion, shown left to right: Untreated, Rucaparib, BKM120,
Rucaparib+BKM120; (7D) IFNB1 expression (pg/ml) &
Western blot analysis of TBK1 expression in BMDMs with
indicated drugs —/+ exosomes released from PTEN-profi-
cient Myc-CAP cells.

[0033] FIGS. 8A-8C. PTEN-deficient cancers are resistant
to DNA-damage induced STING pathway activation. (8A)
shown clockwise from twelve o’olock: CD4, CD8+, CD19+,
F4/80+, Mo-MDSC+, Gr-MDSC+, Neutrophil+, DC+,
immune profile of wild-type vs. PTEN-deficient cancers;
(8B) Diminished IFNB1 secretion in ex vivo reconstituted
tumors; (8C) Tumor volume growth in PTEN-deficient vs.
PTEN-proficient cancers following treatment with the indi-
cated drugs.

[0034] FIGS. 9A and 9B. The combination of PARPi/
PI3Ki/ADT {ails to enhance macrophage infiltration/activa-
tion and CD8/CD4 T cell infiltration within Myc-CAP
PTEN deficient tumors. Tumors were harvested from Myc-
CAP PTEN-/- syngeneic mice following 20 days of treat-
ment with the indicated drugs, and processed into single cell
suspensions for flow cytometry analysis. (9A) Frequency of
CD11b+F480+ macrophages and xpression of MHC-II
(MFI) on macrophages; (9B) % CD4 and CD8 T cells within
corresponding tumors, as assessed by flow cytometry.
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[0035] FIGS. 10A and 10B. Exosomes released from
PTEN-deficient cancer cells have significantly reduced
dsDNA content. (10A) Nanoparticle Tracking Analysis
(NTA) measurements of exosomes isolated from drug
treated tumor supernatants (particles/mL); (10B) measure-
ment of dsDNA cargo (ng/ul) within exosomes following
treatment with the indicated drugs.

[0036] FIGS. 11A and 11B. A Phase Ib/II Investigator-
Initiated Trial of Rucaparib plus Nivolumab in mCRPC
patients. (11A) Study design; (11B) Immune profiling of
metastatic biopsies showing lymphocytic, myeloid, and
granulocytic cell frequencies pre- and post-treatment (left)
and ratios of 4-1BB (CD137)/PD-1 expression (MFI) at O
and 4 weeks.

[0037] FIG. 12. Working Model for c-GAS/STING path-
way activation induced by PARPi/PI3Ki combination or
STING agonists within the tumor microenvironment in
prostate cancer (PC). Without wishing to be bound by
theory, the combination of PARPi+PI3Ki induces production
of DNA double-stranded fragments within cancer cells,
which are released into microvesicles that can secondarily
activate the ¢-GAS/STING pathway within myeloid sup-
pressive cells, resulting in myeloid reprogramming and
activation. STING pathway activation induced by DNA
damaging agents is abolished within the tumor microenvi-
ronment (TME) of PTEN-deficient PC. In addition, PI3Ki
can inhibit Ser-291 phosphorylation of ¢-GAS, thus dere-
pressing its enzymatic activity. In response to DNA damage,
dsDNA-containing microvesicles can activate the c-GAS/
STING pathway within myeloid suppressive cells, resulting
in increased T cell infiltration. In contrast, microvesicles
released from PTEN-deficient cancer cells lack of dsDNA
fragments, resulting in resistance to DNA sensing STING
pathway activation, and an absence of an anti-tumor
immune response.

[0038] FIGS. 13A-13L. The immune infiltrates within
human mCRPC and murine c-myc-driven PC tumors are
dominated by tumor-associated macrophages (TAMs).
Single cell suspensions from human mCRPC biopsies,
murine Myc-CAP and B6-Myc syngeneic tumors were
stained with anti-human/mouse lineage-specific antibodies
and analyzed by flow cytometry for relative immune infil-
trates. (A,E,I) Tumor cells (CD45-) vs. Immune cells
(CD45+); (B,F,.J) Lymphoid—T (CD3+)+B (CD19+) cells
vs. Myeloid (CD11b+; macrophages, DCs, MDSCs—mono-
cytic and granulocytic) cells. (C,G,K) Lymphoid and
Myeloid compartments were analyzed for individual
immune cell subsets using the following additional markers:
Macrophages (hCD45+CD11b+CD163+CD68+/mCD45+
CD11b+F480+), DCs (hCD45+CD11b+CD11c+/mCDA45+
CD11b+CDl1l1c+), Gr-MDSCs (hCD45+CD11b+HLA-DR-
CD15"/CD33°/mCD45+CD11b+MHC-1I-Ly6G*Ly6C™),
Mo-MDSCs  (hCD45+CD11b+HLA-DR-CD15*/CD33%/
mCD45+CD11b+MHC-1I-Ly6G*Ly6C*); (D,HL) HLA-
DR expression on TAMs in mCRPC & MHC-II expression
on TAMs within TME of murine tumors were analyzed; n=4
for human and n=3-4 for murine samples. DC=dendritic
cells; MDSC=myeloid derived suppressor cell, h=human,
m=mouse.

[0039] FIGS. 14A-14H. High-risk PC patients exhibit
reduced STING, myeloid activation and T cell chemotactic
factor gene expression. (14A-14B) cGAS and STING
expression in normal vs. PC within the The Cancer Genome
Atlast (TCGA). (14C) PC patients in TCGA were further
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subdivided into Low and High Gleason score groups,
defined as follows: Low Gleason score=6/7 and High Glea-
son Score>8. Frequency of biochemical recurrence (BCR)
for evaluable cases within cohorts was determined and
differential gene expression across the two groups was
further analyzed for STING (14D), myeloid activation-
specific genes (14E-14F), and T cell chemotactic factors
(14G-14H) secreted downstream of STING activation;
n=290 (Low Gleason group n=211; High Gleason group
n=79); Significance/p-values were calculated using Mann
Whitney/Un-paired t test for panels (14A-14B, 14D-14H)
and Kolmogorov Smirnov test for panel (C).

[0040] FIGS. 15A-15E. Differential STING pathway acti-
vation within B6-Myc (STING™) cell lines and BMDMs
relative to Myc-CAP (STING™) cells. (15A, 15B) The
indicated cancer cell lines and BMDMs were treated with
DMXAA (mouse STING agonist) for 1 and 24 hours,
respectively, and protein extracts were interrogated for
cGAS/STING pathway activation with the indicated anti-
bodies by Western blotting. Supernatants were collected
from for IFNP1 ELISA following 36 hours of treatment with
DMXAA (15C, 15D). (15E) Syngeneic Myc-CAP (STIN-
G’°) tumors were processed into single cell suspensions and
used for phycoerythrin-based sorting of CD45+ cellular
fractions. Equal numbers of cells from these fractions were
stimulated with DMXAA. Supernatants were collected at 36
hrs for detection of IFNB1 by ELISA; n=3 independent
experiments; Significance/p-values were calculated by one-
way Anova (for 15C & 15E) or paired t-test (for 15D);
TAM=tumor associated macrophage; s.e.=short exposure;
l.e.=long exposure.

[0041] FIGS. 16A-16B. PARPi/PD-1 targeted combina-
tion therapy shows lack of efficacy in PC co-clinical trials,
which can be reversed by concomitant PI3Ki treatment.
(16A) mCRPC patients were enrolled in a Phase Ib ruca-
parib/nivolumab co-clinical trial at University of Chicago,
and treated until disease progression or unacceptable toxic-
ity. As part of the study, blood was processed to collect sera
for ELISA based determination of PSA (prostate-specific
antigen) levels at baseline and every month on study. Data
obtained was used to calculate percent change in PSA levels
at approximately 90 days, relative to baseline values. Each
bar represents a single patient. # indicates patient who
progressed early at 41 days, as per RECIST guidelines; n=7
patients. (16B) B6-Myc (STING) tumor-bearing syngeneic
mice were treated with the indicated drug(s) and euthanized
when untreated tumors reached approx. 2500 mm?. Tumor
volume curves for duration of treatment are shown. n=3
animals per treatment group from 2 independent experi-
ments. Significance/p-values were calculated by one-way
ANOVA/paired t-test.

[0042] FIGS. 17A-17C. PARPi/PI3Ki combination
induces intracellular DNA DSBs, and proportionate release
of MV surface-associated DNA DSBs from B6-Myc (STIN-
G") cancer cells, without affecting cellular viability.
B6-Myc (STING™) cells were treated with indicated drugs
singly or in combination for 36 hours. (17A) Cells were
stained with anti-mouse specific p-yH2AX antibody and
fluorescently labeled secondary antibody for determination
of DNA DSBs, which were quantified by confocal micros-
copy. (17B) Protein extracts from cells in (17A) were
analyzed for the indicated pharmacodynamic biomarkers by
western blotting. (17C) Annexin V-PI staining was done to
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assess % live cells (Annexin V™ PI") following drug treat-
ment. Significance/p-values were calculated by one-way
ANOVA.

[0043] FIGS. 18A and 18B. Buparlisib and Rucaparib
inhibit intratumoral Pi3K and PARP enzymatic activity,
respectively, within B6-Myc (STING™) and Myc-CAP
(STING?™) tumors. Subcutaneous Myc-CAP (STING™) and
B6-Myc (STING*) tumors at 400-500 mm? volumes were
treated with either buparlisib (pan-PI3K inhibitor, 30 mg/kg)
or rucaparib (PARP inhibitor, 150 mg/kg) by oral gavage
daily for 7 days. At end of treatment, both (18A) B6-Myc
(STING™) and (18B) Myc-CAP (STING™) tumors were
harvested and protein extracts utilized for assessment of
target inhibition with the indicated antibodies by western
blotting. n=2 mice per treatment group.

[0044] FIGS. 19A-19G. PARPi/PD-1 targeted combina-
tion therapy shows lack of efficacy in PC co-clinical trials,
which can be reversed by concomitant PI3Ki treatment;
PARPi/PI3Ki/PD-L1 treatment increases CD4 T cell infil-
tration within the TME of STING" B6-Myc tumors. (19A)
B6-Myc (STING™) tumor-bearing syngeneic mice were
treated with the indicated drug(s) and euthanized when
untreated tumors reached approx. 2500 mm?>. Tumor volume
curves for duration of treatment are shown. (19B-19G)
Single-cell suspensions were generated from harvested
tumors and analyzed by flow cytometry for the indicated
immune cell populations and their activation states. Data are
represented relative to CD45+ immune cells. Animals per
treatment group n=3-5 from 2 independent experiments;
Significance/p-values were calculated by one-way ANOVA/
paired t-test

[0045] FIG. 20. The anti-tumor response elicited by
PARPi/PI3K is abrogated in B6-Myc (STING*)-tumor bear-
ing athymic nude mice. B6-Myc (STING™) tumor-bearing
athymic nude mice were treated with the indicated drug(s)
and tumor growth was measured for approximately 12 days.
Tumor volume curves for duration of treatment are shown;
n=3 animals/group; Significance/p-values were calculated
by one-way ANOVA.

[0046] FIG. 21. PARPi/PI3Ki-mediated tumor regression
in B6-Myc (STING™) model occurs via a DC-independent
mechanism. B6-Myc (STING™) tumor-bearing syngeneic
mice were treated with indicated drugs(s) until untreated
tumors reached approx. 2500 mm?>. Single-cell suspensions
were generated from harvested tumors and analyzed by flow
cytometry for % activated DCs gated on CD45+CD11b+
MHC-II+CD11C+. Data are represented relative to CD45+
immune cells. n=3-4 per group.

[0047] FIGS. 22A-22D. Concomitant clodronate treat-
ment decreases MHC-I expression on CD45- cells in
B6-Myc (STING™) tumor-bearing mice that received
PARPi/PI3Ki treatment; PARPi/PI3Ki combination therapy
causes tumor regression in B6-Myc (STING™) murine PC
via host STING-dependent immune mechanism. (22A)
B6-Myc (STING™) tumor-bearing syngeneic mice were
treated with PARPi/PI3Ki+/- clodronate (to deplete macro-
phages) until untreated tumors reached 2500 mm?. Tumors
were processed and stained for MHC-I by flow cytometry.
(22B) C57BI/6F™™* and C57BI/6I°™™~'~ mice were
engrafted with B6-Myc (STING™) tumor allografts and
treated with the indicated drug(s) until untreated tumors
reached approx. 2500 mm?>. Tumor volume curves for dura-
tion of treatment are shown. Single-cell suspensions were
generated from harvested tumors and analyzed by flow

Jan. 21, 2021

cytometry for activated macrophages (22C) and activated T
cells (22D). Data are represented relative to CD45+ immune
cells. n=3 mice per group; Significance/p-values were cal-
culated by one-way ANOVA.

[0048] FIG. 23. Myc-CAP (STING®) tumors do not
respond to PARP1/PI3Ki treatment in the absence of castra-
tion. Myc-CAP (STING®) tumor-bearing uncastrated syn-
geneic mice were treated with the indicated drug(s) until
untreated tumors reached approx. 2500 mm>. Tumor vol-
umes were recorded for duration of treatment; n=4 animals
per group. Significance/p-values were calculated by one-
way ANOVA.

[0049] FIGS. 24A-24G. Chemical castration increases
macrophage and CD4+ T cell infiltration and PD-1.1 expres-
sion within the TME of Myc-CAP (STING”) tumors. Myc-
CAP (STING™) tumor-bearing syngeneic mice were treated
with degarelix (chemical castration) for 10 days. At the end
of treatment, tumors were harvested and analyzed by flow
cytometry for infiltration of CD45+ immune cells (24A),
macrophages (24B) and CD4/CD8 T cells (24C-24D). Mean
fluorescence intensity (MFI) is depicted for PD-LI1 expres-
sion on CD45-/CD45+ cells (24E-24F) and TAMs (24G)
within the TME; n=3-5 animals/group; Significance/p-val-
ues were calculated by Un-paired t-test.

[0050] FIGS. 25A and 25B. ADT/PARPi/PI3Ki combina-
tion induces TAM-driven tumor control in Myc-CAP (STIN-
G™) syngeneic mice. (25A-25B) Myc-CAP (STING™)
tumor-bearing syngeneic mice were treated with the indi-
cated drug(s) until untreated tumors reached approx. 2500
mm?>. Tumor volume curves for duration of treatment are
shown.

[0051] FIGS. 26A-26D. The anti-tumor response elicited
by ADT/PARPi/PI3Ki is abrogated in Myc-CAP (STING™)-
tumor bearing athymic nude and NOD/SCID mice, ADT/
PARPi/PI3Ki combination induces TAM-driven tumor con-
trol in  Myc-CAP) (STING”™) syngeneic mice.
Immunodeficient athymic nude (26A) and NOD-SCID
(26B) mice were engrafted with Myc-CAP (STING™)
tumors and treated with the indicated drug(s) until untreated
tumors reached approx. 2000 mm>. Tumor volume curves
for duration of treatment are shown. For 26A-26B, n=3-4
mice per group. (26C-26D) Single-cell suspensions were
generated from harvested tumors and analyzed by flow
cytometry for the indicated immune cell populations and
their activation states. Data are represented relative to
CD45+ immune cells. For 26C-26D, n=3-5 animals per
treatment group from 2 independent experiments. Signifi-
cance/p-values were calculated by one-way.

[0052] FIGS. 27A-27D. ADT/PARPI/PI3Ki with/without
PD-L1 antibody treatment increases infiltration and activa-
tion of CD4 T cells within the TME of STING” Myc-CAP
tumors, ADT/PARPi/PI3Ki combination induces TAM-
driven tumor control in Myc-CAP) (STING™) syngeneic
mice. Myc-CAP (STING®) tumor-bearing syngeneic mice
were treated with the indicated drugs until untreated tumors
reached approx. 2500 mm?>. Single-cell suspensions were
generated from harvested tumors and analyzed by flow
cytometry for CD4 infiltration (27A) and activation (27C).
(27B, 27D) Single-cell suspensions were generated from
harvested tumors and analyzed by flow cytometry for the
indicated immune cell populations and their activation
states. Data are represented relative to CD45+ immune cells.
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n=3-5 animals per treatment group from 2 independent
experiments. Significance/p-values were calculated by one-
way ANOVA.

[0053] FIGS. 28A and 28B. ADT/PARPi/PI3Ki treatment
enhances M1 macrophage polarization within Myc-CAP
(STING™) tumors in vivo. (28A-28B) Myc-CAP (STING™)
tumor-bearing syngeneic mice were treated with the indi-
cated drugs until untreated tumors reached approx. 2500
mm?®. Tumors were harvested for qRT-PCR analysis to
interrogate changes in il12b expression (28A). (28B) Single-
cell suspensions were generated from harvested tumors and
analyzed by flow cytometry for macrophage (F4/80+) Argi-
nase | expression. n=3 animals/group; Significance/p-values
were calculated by one-way ANOVA.

[0054] FIGS. 29A-29M. PARPi alone induces DNA
DSBs, but not apoptosis even in combination with PI3Ki in
Myc-CAP (STING™) cancer cells; PARPi/PI3Ki combina-
tion induces intracellular DNA DSBs and proportionate
release of MV surface-associated DNA DSBs from B6-Myc
(STINGhi) cancer cells without affecting cellular viability;
PARPi/PI3K treatment activates tumor-cell extrinsic cGAS/
STING pathway within TAMs in vivo via MV surface-
associated DNA DSBs released from tumor cells. Myc-CAP
cancer cells were treated with the indicated drugs singly or
in combination for 36 hours. (29A) Cells were stained with
anti-mouse specific p-yH2AX antibody and a fluorescently
labeled secondary antibody for determination of DNA
DSBs, which were quantified by confocal microscopy. (29B)
Protein extracts from cells in 29A were analyzed for the
indicated pharmacodynamic biomarkers by western blot-
ting; (29C) Annexin V-PI staining was done to assess
frequency of live cells (Annexin V- PI7) following drug
treatment. (29D) Ultracentrifugation was utilized to purify
microvesicles (MVs) from supernatants in treatment groups
in (29A) and associated DNA DSBs was quantified by
Nanodrop®. Independent experiments n=2. (29E) Ultracen-
trifugation was utilized to purify MVs from supernatants in
indicated treatment groups in FIG. 17A, and associated
DNA DSBs were quantified by Nanodrop®; n=2 indepen-
dent experiments. (29F) Syngeneic mice were engrafted
with Myc-CAP (STING”) cells, and tumors were harvested
when the tumor volume reached 400 mm>. Single cell
suspensions of the tumors were treated with the indicated
drug(s), in the presence or absence of GW4869 (MV bio-
genesis inhibitor). (29G) Bone marrow derived macrophage
(BMDMs) were co-cultured for 30 hours with supernatants
(-/+ exogenous 50 units of DNase I pre-treatment for 30
minutes) from Myc-CAP cells that were treated with the
indicated drug(s) for 36 hours. (29H) cGAMP (10 pg/ml.)
was pre-incubated with 10 units of DNAse I or mock control
for 30 minutes and then added to BMDMSs for 30 hours.
(291-29L) STING**/STING™~ BMDMs were co-cultured
for 36 hours with supernatants from Myc-CAP and B6-Myc
cancer cells that were treated with the indicated drug(s) for
36 hours. Supernatants were collected from 29F-291 at the
end of treatment and analyzed for IFN1 by ELISA. (29M)
Myc-CAP (STING’™) tumor-bearing mice were treated with
the indicated drug(s) until tumors first reached approx. 2500
mm?>. For the degerelix/rucaparib/buparlisib combination,
additional cohorts of mice underwent concomitant treatment
with STING antagonist H-151 or GW4869. Tumor volume
was recorded daily for duration of experiment. For in vitro
experiments, n=2 independent experiments and for in vivo
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experiments n=3-4 animals /group. Significance/p-values
were calculated by one-way ANOVA.

[0055] FIGS. 30A-30G. Buparlisib inhibits activation of
the PI3K/AKT pathway within BMDMs, optimal STING
activation within macrophages requires both PARPi-medi-
ated MV surface-associated DNA DSBs and PI3Ki-induced
de-repression of cGAS enzymatic activity. (30A) BMDMs
were co-cultured with MVs isolated from Myc-CAP)
(STING™) cancer cells following 36 hours treatment with
rucaparib (R-MVs), in the presence or absence of buparlisib
at the indicated concentrations for 24 hours. Protein extracts
were harvested for assessment of PI3K target inhibition by
western blotting; U=Untreated. (30B) Experimental schema:
Myc-CAP (STING™) cells were treated with rucaparib (0.5
uM) for 36 hours, followed by isolation of MVs from
supernatant (R-MVs), which were then co-cultured with
BMDMs in the presence/absence of buparlisib (1 pM) for 36
hours. BMDMs were directly treated with DMXAA (50
pg/mL). (30C-30D) Cellular metabolites and proteins
extracted from co-cultured BMDMs (as per schema in 30B)
were used for cGAMP measurement via ELISA (30C) and
for assessment of activation of STING pathway by western
blotting using indicated antibodies (30D), respectively.
(30E-30F) Supernatants collected from experiment in (30B)
were used for IFN-a (30E) and IFN-f (30F) measurement
via ELISA. (30G) Model for cGAS/STING pathway acti-
vation within suppressive macrophages (M2) following
treatment with buparlisib and MVs (isolated from rucaparib-
treated Myc-CAP cells); n=2 independent experiments. Sig-
nificance/p-values were calculated by one-way.

[0056] FIGS. 31A-31G. The combination of buparlisib
with MV surface-associated DNA DSBs from PARPi treated
cancer cells reprograms macrophages from an M2 to M1
phenotype; Conditioned medium from PARPi/PI3Ki treated
Myc-CAP (STING™) cells reprograms BMDMs from an M2
to M1 phenotype. Myc-CAP (STING™) cells were treated
with rucaparib (0.5 uM) for 36 hours, followed by isolation
of MVs from supernatant (R-MVs), which were then co-
incubated with BMDMs in the presence/absence of bupar-
lisib (1 uM) for 36 hours. As a positive control, BMDMs
were directly treated with DMXAA (50 pg/mL). At the end
of treatment, BMDMs were analyzed by flow cytometry for
macrophage activation markers to quantify frequency of
CD45+CD11b+F4/80+ cells expressing MHC-II (31A) and
CD86 (31B). (31C-31E) Supernatants were collected for
determination of Ml-specific cytokines/chemokines by cyto-
kine array; n=2 independent experiments. (31F-31G)
BMDMs were co-cultured for 36 hours with supernatants
from Myc-CAP (STING™) cancer cells that were treated
with the indicated drug(s) (rucaparib at 0.5 uM, buparlisib at
1 uM) for 36 hours. DMXAA (50 pg/ml.) was directly added
to BMDMs. Following treatment, BMDMs were stained for
expression of markers (31F) CSF-IR; (31G) PD-L1; n=2
independent experiments; Significance/p-values were deter-
mined by one-way ANOVA (A)/Un-paired t-test.

[0057] FIGS.32A-32F. Conditioned medium from PARPi/
PI3Ki treated Myc-CAP) (STING™) cells reprograms
BMDMs from an M2 to M1 phenotype. BMDMs were
co-cultured for 36 hours with supernatants from Myc-CAP
(STING?™) cancer cells that were treated with the indicated
drug(s) (rucaparib at 0.5 buparlisib at 1 uM) for 36 hours.
DMXAA (50 pg/mlL) was directly added to BMDMs. Fol-
lowing treatment, BMDMs were stained for expression of
macrophage activation markers (32A) MHC-II; (32B) iNOS
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and suppressive marker (32C) Arginase 1 on CD45+
CD11b+F4/80+ macrophages. (32D-32E) Supernatants
were collected for determination of secreted chemokines by
cytokine array; n=2 independent experiments; Significance/
p-values were determined by one-way ANOVA. (32F)
Working Model: The combination of PARPi+PI3Ki induces
intracellular DNA DSBs that become associated with the
surface of extracellular MVs following release into the
TME. In addition, PI3Ki can inhibit AK T-mediated Ser-291
phosphorylation of cGAS, thus de-repressing its enzymatic
activity. MV surface-associated DNA DSBs can secondarily
activate the cGAS/STING pathway within TAMs only in the
presence of concomitant PI3Ki, resulting in macrophage
activation and M2 to M1 polarization, increased T cell
infiltration, and tumor regression in c-myc driven PC.
[0058] FIGS. 33A and 33B. Prostate cancer patients with
poor-prognosis are enriched for PTEN loss-of-function.
Integrative analysis was performed on 488 primary prostate
cancer TCGA samples with RNA sequencing, promoter site
methylation, somatic mutation, and somatic copy number
variation. The clustering was performed with iClusterPlus
using 5380 genes that were differentially expressed between
previously published “low” and “high” Prostate Cancer
Metastatic (PCM) signature, and interrogated for PTEN
homozygous (33A) or heterozygous (33B) copy number.
[0059] FIGS. 34A-34D. Human and murine PTEN-defi-
cient PCs have enhanced MDSC and diminished T cell
infiltration within their TME, relative to their PTEN-profi-
cient counterparts. (34A) Primary prostate tumors (n=158,
TCGA) and metastatic prostate tumors (n=43, Stand Up to
Cancer) were delineated based on genomic loss of PTEN (at
least one copy), and then stratified based on an MDSC-high
or MDSC-low gene-expression signature of 14 genes.
Pooled bioinformatics analysis for PTEN-deficient primary
(n=158) and PTEN-deficient metastatic prostate cancers
(n=43) were obtained from the TCGA and SU2C databases,
respectively. (34B) PTEN-deficient tumors of all histologies
from the TCGA database (n=6153 from 30 different tumor
histologies) were stratified based on the presence or absence
of a published T cell-inflamed or non-T cell-inflamed gene
signature. (34C) Percentage distribution of different immune
cell subsets in PTEN-proficient vs. PTEN-deficient murine
syngeneic Myc-CAP tumors. Subcutaneous tumors were
harvested at a tumor volume of 2000 mm® and analyzed by
flow cytometry. (34D) PTEN-proficient vs. PTEN-deficient
Myc-CAP cells were cultured for 24 hours, and cytokine
array analyses were performed on supernatants.

[0060] FIGS. 35A-35D. Copanlisib retards growth of
Myc-CAP-PTEN™" tumors by decreasing CXCL1 produc-
tion and MDSC infiltration. (35A) Myc-CAP-PTEN™" cells
were treated with copanlisib 100 nm (IC90 concentration) in
vitro for 24 hours, and protein extracts were harvested for
western blotting analysis with the indicated antibodies to
analyze PI3K activation. (35B) Supernatants from (35A)
were harvested for cytokine array profiling. n=3 independent
in vitro experiments. (35C) Mice bearing Myc-CAP-
PTEN~"~ established syngeneic tumors (200 mm?®) were
treated with copanlisib (14 mg/kg, every other day, until
tumors reached 2000 mm?>). Tumor volumes were monitored
daily and graphed. (35D) At the end of treatment, tumors
were analyzed by flow cytometry for tumor infiltrating
immune cell subsets. n=5 mice per group.

[0061] FIG. 36. ADT-induced CD45+ infiltration within
Myc-CAP-PTEN-knockout tumors is reversed following the
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development of castration resistance. Myc-CAP-PTEN
knockout syngeneic tumor cells were engrafted subcutane-
ously within FVB mice. When tumors reached 200 mm?,
mice were treated with degarelix (chemical castration) for
10 days, and tumors were harvested for both castrate-
sensitive and castrate-resistant mice, and analyzed for
CD45+ cells by flow cytometry.

[0062] FIGS. 37A and 37B. Myc-CAP-PTEN deficient
cancers are resistant to ADT/PARPi/PI3Ki/combination due
to an absence of macrophage infiltration/activation and
secondary CD8/CD4 T cell infiltration following treatment.
Syngeneic PTEN-proficient and PTEN-deficient Myc-CAP
mice were treated with a single dose of degarelix, rucaparib
(PARP inhibitor), BKM120 (pan-PI3K inhibitor), or anti-
PD-L1 antibody, singly and in combination for 3 weeks.
(37A) Tumor volumes were monitored, as indicated. (37B)
Tumors were harvested at the end of treatment and macro-
phage infiltration and activation (upper left and right pan-
els), and CD4 and CD8 T cell infiltration (lower left and
right panels, respectively) were analyzed by flow cytometry.
n=3 animals/group.

[0063] FIG. 38. PTEN-deficient prostate cancers are resis-
tant to DNA damage-induced ¢-GAS/STING pathway acti-
vation within the TME. Single cell suspensions from Myc-
CAP-PTEN+/+ and Myc-CAP-PTEN-/- syngeneic tumors
were treated with indicated drugs or combinations at the
following IC90 concentrations: Rucaparib at 500 nM,
Buparlisib at 1000 nM, and DMXAA at 50 pg/mL for 36
hours. Supernatants collected at end of treatment were used
for detection of IFNB1 by ELISA; n=2 independent experi-
ments.

[0064] FIG. 39. DMXAA treatment induces STING acti-
vation in prostate-specific PTEN~"p53~~ GEMM tumors.
Tumors from prostate-specific PTEN~"p53~~ GEMM
tumors were processed into single cell suspensions and
treated with indicated drugs (DMXAA at 50 pg/ml, Bupar-
lisib at 1000 nM, Rucaparib at 500 nM). At 36 hours
supernatants were collected for ELISA based detection of
IFNP1; n=1 independent experiment.

[0065] FIGS. 40A and 40B. Exosomes released from
PARPi-treated Myc-CAP-PTEN-deficient cancer cells have
significantly reduced dsDNA content, relative to their
PTEN-proficient counterparts. Isogenic PTEN-proficient
and CRISPR-CAS9-mediated PTEN-knockout Myc-CAP
cells were treated with rucaparib for 36 hours. Exosomes
were collected by ultracentrifugation and used for quantifi-
cation of particle number by Nanosight (40A) and dsDNA
content by Nanodrop® (40B). n=2 experiments.

[0066] FIGS. 41A and 41B. Exosomes released from
PARPi-treated Myc-CAP-PTEN-deficient cancer cells have
significantly reduced dsDNA content, relative to their
PTEN-proficient counterparts. siRNA mediated PTEN-
knockdown Myc-CAP cells corresponding to those used in
FIGS. 40A and 40B were treated with rucaparib for 36
hours. Exosomes were collected by ultracentrifugation and
used for quantification of particle number by Nanosight
(41A) and dsDNA content by Nanodrop® (41B). n=2
experiments.

[0067] FIGS. 42A and 42B. Optimal STING activation
within macrophages requires both PARPi-mediated exo-
some/associated DNA and PI3Ki-induced de-repression of
cGAS enzymatic activity. (42A) Experimental schema:
Myc-CAP?*"~'~ cells were treated with PARPi for 36 hours
followed by isolation of exosomes from supernatant. Exo-
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somes were then co-incubated with BMDMs in the pres-
ence/absence of buparlisib for 36 hours. (42B) Supernatants
collected from experiment in (42A) were used for measuring
IFNP1 levels via ELISA; n=2 independent experiments.
Metabolites and proteins extracted from co-cultured
BMDMs from (42A) were used for cGAMP ELISA (42C)
and STING pathway signaling analysis by Western Blotting
(42D), respectively; n=2 independent experiments. (42F)
Supernatants collected from experiment in (42A) were used
for measuring IFNP1 levels via ELISA; n=1 independent
experiment. (42F) Model for cGAS/STING pathway acti-
vation within macrophages following treatment with exo-
somes (isolated from rucaparib-treated Myc-CAP cells) and
buparilisib.

[0068] FIGS. 43A and 43B. Increased levels of negatively
charged phosphatidylserine (PS) on the surface of both
cellular and exosomal membranes derived from Myc-CAP-
PTEN™" cells relative to PTEN-proficient counterparts.
Isogenic Myc-CAP cells (—/+PTEN) and their correspond-
ing exosomes were stained with Annexin V (which binds to
surface PS) for 30 minutes and analyzed by flow cytometry.
Shown here is the mean fluorescence intensity of stain for
(43A) cell lines (43B) exosomes; n=1 independent experi-
ment.

[0069] FIG. 44. PTEN-deficient Myc-CAP tumors are
paradoxically more responsive to STING agonist treatment
in vivo, relative to their PTEN-proficient counterparts. Syn-
geneic mice bearing established PTEN-proficient (PTEN*/*)
and PTEN-deficient (PTEN~") Myc-CAP tumors (200
mm?®) were treated with DMXAA (500 single intra-tumoral
dose) for 12 days. Tumor volumes were monitored daily and
graphed relative to untreated groups. n=3-5 mice per group.

[0070] FIGS. 45A and 45B. STING agonist increases
global immune infiltration and has a trend towards decreas-
ing Gr-MDSCs within Myc-PTEN-knockout tumors relative
to their PTEN-proficient counterparts. Syngeneic mice bear-
ing established PTEN-proficient (PTEN*™") and PTEN-de-
ficient (PTEN~"") Myc-CAP tumors (200 mm?) were treated
with DMXAA (500 pg, single intra-tumoral dose) for 12
days. The harvested tumors were analyzed by flow cytom-
etry for CD45 (45A) and tumor infiltrating immune cell
subsets (45B). n=3-5 mice per group.

[0071] FIGS. 46A-46C. STING agonist treatment selec-
tively increases macrophage, CD4 and CD8 T-cell activation
within Myc-PTEN-knockout tumors, relative to their PTEN-
proficient counterparts. Syngeneic mice bearing established
PTEN-proficient (PTEN*") or PTEN-deficient (PTEN~"")
Myc-CAP tumors (200 mm®) were treated with DMXAA
(500 pg, single intra-tumoral dose) for 12 days. The har-
vested tumors were analyzed by flow cytometry for activa-
tion status of immune cells: (46A) MHC-1I/PD-L1 expres-
sion on macrophages; (46B) 41bb/PD-1 expression on
CD4+FoxP3-T-cells and (46C) on CD8+T-cells. n=3-5 mice
per group.

[0072] FIG. 47. STING agonist treatment increases regu-
latory T-cell infiltration in PTEN deficient Myc-CAP tumors
relative to PTEN-proficient counterparts. Syngeneic mice
bearing established PTEN-proficient (PTEN**) and PTEN-
deficient (PTEN™") Myc-CAP tumors (200 mm?) were
treated with DMXAA (500 pg, single intra-tumoral dose) for
12 days. The harvested tumors were analyzed by flow
cytometry for CD4+T-cells subsets, specifically FoxP3+ and
FoxP3- fractions. n=3-5 mice per group.
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[0073] FIGS. 48A and 48B. Direct STING agonist treat-
ment increases CD8 T cell infiltration and relieves myeloid
immunosuppression in prostate GEMM tumors that develop
in the context of PTEN and p53 loss. PTEN/p53-deficient
GEMM mice with established tumors were treated with
DMXAA every other day for 14 days. Tumors were har-
vested and subjected to flow cytometry for detection of the
indicated markers. (48A) CDS infiltration; (48B) M1/M2
ratio of F4/80™ cells where M1 are defined as MHC-II* and
M2 cells are MHC-II". The frequency of Gr-MDSCs (Ly6C~
Ly6G™) and surface expression of V-domain Ig suppressor of
T cell activation (VISTA) and PD-L.1 on Gr-MDSCs are
shown.

[0074] FIGS. 49A and 49B. PTEN-deficient cancer cells
have diminished STING expression that can be restored by
PI3KI3-selective and pan-PI3K inhibitors. (49A) Isogenic
MC38, Myc-CAP, ID§, and TRAMP cells (-/+ PTEN) were
analyzed for STING mRNA and protein expression by
qRT-PCR and western blotting, respectively. (49B) Myc-
CAP-PTEN™" cells were treated with GSK'771 (PI3Kp-
selective inhibitor, 1 uM) or BKM120 (pan-PI3K inhibitor,
1 uM) for 24 hours, and proteins were analyzed for STING
expression and PI3K activation by western blotting.

[0075] FIG. 50. STING agonist in combination with PI3K
inhibitors activated type I interferon production within the
TME of Myc-CAP-PTEN™" prostate tumors. Single cell
suspensions from syngeneic Myc-CAP-PTEN™" tumors
were treated ex vivo with the indicated drugs for 36 hours.
Supernatants were harvested for cytokine array profiling and
quantitative assessment of IFNB1 and CXCL10. Drugs were
used at following IC90 concentrations: DMXAA (50
pg/mL), Buparlisib (1000 puM), Copanlisib (500 nM),
CAL101 (500 nM), IPI549 (500 nM), and GSK771 (500
nM).

[0076] FIGS. 51A-51C. Forced overexpression of STING
within myc-CAP cells delays tumor growth in vivo relative
to wild-type counterparts. (51A) Myc-CAP (STING™) cells
were transfected with plasmid to overexpress STING
(STING OE). Western blot analysis was performed to con-
firm increase in expression of STING relative to parent cell
line and macrophages. n=1 independent experiment. (51B)
Syngeneic mice bearing tumors from established wild-type
and indicated engineered variants of Myc-CAP were moni-
tored for tumor growth and graphed until they reached the
cut-off tumor volume (2500 mm?). (51C) Kaplan-Meier
curves for Myc-CAP wild-type and indicated engineered
variants.

[0077] FIG. 52. STING agonist treatment is protective to
mice bearing Myc-CAP tumors with Intermediate (not high)
tumor cell intrinsic levels of STING. Syngeneic mice bear-
ing Myc-CAP wild-type (WT) and STING overexpressed
(STING OE; clone 34) or STING intermediate (STING OE;
clone 35) tumors (200 mm®) were treated with DMXAA
(500 single intra-tumoral dose). Tumors were monitored
until cut-off tumor volume of 2500 mm?, and Kaplan Meier
curves were plotted. n=3 mice per cohort.

[0078] FIGS. 53A-53C. STING overexpression drives
STING signaling pathway activation and type 1 IFN secre-
tion from Myc-CAP prostate cancer cells in direct propor-
tion to the level of tumor cell intrinsic STING expression.
Wild-type and STING overexpressing (STING OE, clone
34) Myc-CAP cells were treated with mouse STING agonist,
DMXAA (50 pg/mL) for 1 and 6 hours to perform western
blot to assess STING signaling pathway activation (53A)
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and qRT-PCR for IFNBI1 expression analysis (53B), respec-
tively. (53C) Wild-type (WT), PTEN-deficient (PTEN~"),
Rb-deficient (Rb™") and STING overexpressed (SOE34
(clone 34) or SOE35 (clone 35)) Myc-CAP cells were
treated with DMXAA (50 pg/ml, 36 hours). The superna-
tants were collected from each well and IFNB1 analyzed by
ELISA. n=2 independent experiments.

[0079] FIG. 54. PTEN-deficient syngeneic ID8 murine
ovarian cancer model has higher lethality relative to other
isogenic models, all of which recapitulate clinical features of
high-grade serous ovarian cancer.

[0080] FIG. 55. PTEN loss suppresses tumor cell intrinsic
STING expression within ID8 cancer cells relative to wild
type controls, which is partially reversed with concomitant
p53 loss. Protein extracts from the indicated ID8 cancer cells
were probed for AKT and STING pathway components by
western blotting. n=1 independent experiment.

[0081] FIGS. 56A and 56B. PTEN knockdown in ID8
ovarian cancer cells abrogates STING pathway activation
following DMXAA ftreatment. (56A) PTEN-proficient
(PTEN*™*) and deficient (PTEN~"") ID8 ovarian cancer cells
were treated with DMXAA (50 ug/mL) for O, 1, 6, 12, 24 and
36 hours. Nuclear extracts were probed for localization of
p-IRF3 and p-NF-kB, markers of STING pathway activa-
tion. n=1 independent experiment. (56B) Wild-type
(PTEN*"*) and PTEN-deficient (PTEN~"") Myc-CAP (pros-
tate) and ID8 (ovarian) cancer cells were treated with
DMXAA (50 pg/mL) for 36 hours. The supernatants were
analyzed by ELISA for IFN-pB1 release. n=3 independent
experiments.

[0082] FIGS. 57A-57C. PTEN knockdown in ID8 ovarian
cancer cells abolishes IRF3 translocation to the nucleus
following DMXAA treatment. PTEN-proficient (PTEN+/+)
and deficient (PTEN-/-) ID8 ovarian cancer cells were
treated with DMXAA (50 pg/mL.) for 0, 12, 24 and 36 hours.
(57A) The nuclear localization of p-IRF3 and p-NFkB was
analyzed by ImageStream. The overlap of the two generates
a white color that scores for nuclear localization of pIRF3.
(57B) Graphical representation of nuclear localization of
pIRF3 and p-NF-kB at 12, 24, and 36 hours after DMXAA
treatment, relative to untreated groups in ID8 wild-type and
PTEN™" cells. n=3 independent experiments. (57C) Sche-
matic model demonstrating defect in nuclear localization of
IRF3 and loss of IFNBI1 secretion from PTEN deficient ID8
cells.

[0083] FIGS. 58A and 58B. PI3K inhibitors partially
restore STING pathway activation within ID8-PTEN™"
cells but are unable to rescue IFNB1 levels in combination
with STING agonists. (58A) PTEN-proficient (PTEN™™)
and deficient (PTEN™") ID8 ovarian cancer cells were
treated with IC90 concentrations of pan-PI3K inhibitors,
either copanlisib (100 nM) or BKM120 (1000 nM) for 36
hours in presence or absence of STING agonists, DMXAA
(50 pg/ml., 1 hour at the end of experiment). The activation
status of both PI3K and STING signaling pathways were
probed with the indicated antibodies by western blotting.
n=2 independent experiments. (58B) Cells were treated as
described in (58A), with the exception that concomitant
DMXAA treatment was carried out for 36 hours. The
supernatants were analyzed by ELISA for IFN-B1 release.
n=3 independent experiments.

[0084] FIG. 59. Mechanistic Model for PTEN loss-medi-
ated downregulation of STING signaling. PTEN loss sup-
presses STING signaling via multiple mechanisms, which
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includes suppression of STING expression and sequestra-
tion of p-IRF3 within the cytosol, the latter being due to
persistent Ser-97 phosphorylation.

[0085] FIGS. 60A-60C. STING agonist/PI3Ki combina-
tion therapy provides durable tumor control and dramati-
cally increases survival of PTEN-deficient advanced ovarian
cancers. C57Bl/6J mice received an intraperitoneal injection
of 5 million syngeneic ID8-PTEN~" cancer cells. Treatment
with the indicated drug(s) was initiated when mice devel-
oped ascites and abdominal girth was at 23-24 mm, and
terminated when the abdominal girth reached 35 mm or
animals displayed visible signs of distress due to disease
progression or visible ascitic fluid regression at approxi-
mately 80-90 days. (60A) Abdominal Girth; (60B) Weight;
(60C) Percent survival; drugs were used at following doses:
DMXAA (500 pg, i.p. once), Copanlisib (14 mg/kg, iv.
daily), Buparlisib (30 mg/kg, oral gavage, daily), Rucaparib
(150 mg/kg, oral gavage, daily). n=2-3 mice/group.

[0086] FIGS. 61A-61C. STING agonist/PI3Ki combina-
tion therapy increases survival of PTEN/pS53-deficient
advanced ovarian cancers via tumor cell extrinsic STING
pathway activation. (61A) C57Bl/6] mice received an intra-
peritoneal injection of 5 million syngeneic ID8-PTEN™"
p53~ cancer cells. Treatment with the indicated drug(s)
was initiated when mice developed ascites and abdominal
girth was at 23-24 mm, and terminated when the abdominal
girth reached 35 mm or animals displayed visible signs of
distress due to disease progression. Percent survival follow-
ing treatment is shown; drugs used at following concentra-
tions: DMXAA (500 pg, i.p. once), Buparlisib (30 mg/kg,
oral gavage, daily). n=2-3 animals/group. Cell lines (61B)
and single cell suspensions isolated from ascitic fluid (61C),
were treated with the indicated drug(s) at IC90 concentra-
tions for 36 hours. Supernatants were collected for IFNB1
ELISA. n=1 independent experiment

[0087] FIGS. 62A and 62B. STING overexpression res-
cues Type 1 IFN production within ID8-PTEN™" ovarian
cancer cells. (62A) ID8-PTEN~"" cells were stably trans-
fected with STING expression plasmid, and positive clones
were selected based on GFP-based cell sorting and puro-
mycin selection. Western blot analysis was performed to
confirm increase in expression of STING relative to parent
cell line and macrophages. n=1 independent experiment.
(62B) 1D8-Wild-type (WT), ID8-PTEN-deficient (KO) and
ID8-PTEN-deficient/STING overexpressed (KO STING
OEF, clone 23 (SOE23)) ovarian cancer cells were treated
with DMXAA (50 pg/mL) for 36 hours. The supernatants
were collected from each well and IF191 analyzed by
ELISA. n=3 independent experiments. Untr=untreated;
My=macrophages.

[0088] FIG. 63. The immune infiltrates in human mCRPC
and murine Myc-driven PC models are dominated by
myeloid suppressive cells, particularly tumor-associated
macrophages (TAMs). Single cell suspensions of human
mCRPC biopsies, murine Myc-CAP) (STING”) and
B6-myc (STING") syngeneic tumors were stained for the
following markers: CD45+ (total immune), CD3+ (lym-
phoid), CD11b+, F4/80+ (macrophage), or CD11b+, F4/80-
(“other” myeloid), and analyzed by flow cytometry. n=2 for
human and n=3-4 for murine samples.

[0089] FIGS. 64A and 64B. PC patients with poor prog-
nosis exhibit reduced STING expression and myeloid acti-
vation markers. (64A) c-GAS and STING expression in
normal vs. PC within the TCGA. (64B) Bioinformatic
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clustering was performed with iClusterPlus using 5380
genes on 488 primary PC TCGA samples that were differ-
entially expressed between previously published “low” and
“high” Prostate Cancer Metastatic (PCM) signatures. Four
patient subgroups were identified using such analysis: C1,
C2, C3, and C4. The C4 cluster was reported to have a
higher proportion of DDR genes and poor prognosis relative
to other clusters. Expression of STING, and indicated
myeloid activation markers between C4 (n=64) vs other
clusters C14C2+C3 (n=362). CIITA, Class II Major Histo-
compatibility Complex Transactivator.

[0090] FIGS. 65A and 65B. PARPi/PI3Ki Induces Tumor
Regression in syngeneic B6-myc (STING™), but not Myc-
CAP (STING”) tumors. B6-myc (65A) and Myc-CAP
(65B) syngeneic tumor-bearing mice were treated with
DMXAA (mouse STING agonist), rucaparib (PARP inhibi-
tor), and buparlisib (pan-PI3K inhibitor) or indicated com-
bination for 2 weeks, tumor growth was measured daily.
n=2-3 mice per arm.

[0091] FIGS. 66A-66D. PARPi/PI3K combination treat-
ment induces macrophage-driven tumor control in castrated
Myc-CAP (STING™) syngeneic mice. Myc-CAP (STING”)
tumor-bearing syngeneic mice were: (66A) treated with
single dose of degarelix for 10 days and tumors were
harvested and analyzed for the indicated markers by flow
cytometry. (66B) treated with degarelix, rucaparib (PARPi),
buparlisib (PI3Ki), singly and in combination for 21 days, as
indicated, and tumor volumes were measured as indicated.
(66C) treated as in (66B), with the addition of cohorts that
received concomitant anti-PD-L1 antibody. (66D) treated as
in (66B), with the addition of a cohorts that received
concomitant clodronate, which depletes macrophages.
n=2-4 animals per group.

[0092] FIGS. 67A-67C. DNA damage-induced STING
pathway activation within tumor-associated macrophages is
mediated via dsDNA-containing microvesicles. (67A-67B)
Single cell suspensions from 400 mm?® Myc-CAP (STING™)
tumors were treated ex vivo with indicated drugs for 36
hours—/+GW4869, exosome biogenesis inhibitor (67A) or
DNase I (67B), and supernatants were collected and assayed
for IFNB1; (67C) STING+/+/STING-/- BMDMs were co-
cultured for 36 hours with supernatants derived from tumor
cells that were treated with DMXAA, rucaparib, buparlisib,
or a combination of rucaparib/buparlisib for 36 hours. Co-
culture supernatants were collected and analyzed by ELISA
for IFNB1; n=2 experiments. Asterisks without line (*)
indicate comparison of target group with untreated.

[0093] FIG. 68. In vivo inhibition of exosome biogenesis
and STING activation following ADT/PARPi/PI3Ki treat-
ment reverses tumor regression. FVB mice bearing synge-
neic Myc-CAP (STING®) tumors were treated with the
indicated drugs (D=Degarelix, R=Rucaparib; and
B=Buparlisib) for 2-4 weeks in the presence or absence of
exosome inhibitor GW4869 or STING antagonist H-151.
n=2-3 animals per group.

[0094] FIGS. 69A-69D. Optimal STING activation within
TAMs requires both PARPi-induced DNA DSBs associated
with MVs and PI3Ki-induced de-repression of c-GAS enzy-
matic activity. (69A) Schema showing Myc-CAP (STING™)
cells treated with PARP1 for 36 hours followed by isolation
of exosomes from supernatant, which were then co-cultured
with BMDM s in the presence or absence of buparlisib for 36
hours. (69B) Supernatants were collected for IFNB1 ELISA.
Metabolites (69C) and proteins (69D) were extracted from
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co-cultured BMDMs and analyzed for cGAMP levels and
STING signaling by ELISA and western blotting, respec-
tively. n=2 experiments.

[0095] FIG. 70. Therapeutic strategies to overcome
myeloid immunosuppression and enhance T cell infiltration
and ICB-responsiveness in PTEN-deficient prostate cancer.
[0096] FIGS. 71A and 71B. Copanlisib treatment
increases CD4 and CD8 T-cell infiltration and decreases
Gr-MDSC and Tregs within the TME of PTEN/p53-defi-
cient prostate GEMMs. PTEN/p53-deficient GEMM mice
(n=2/group) with established tumors were treated with
copanlisib (14 mg/kg/day, every alternate day) for 4 weeks.
Tumors were collected and analyzed for changes in global
immune infiltrates, shown clockwise from twelve o’clock:
CD4+, CD8+, CD19+, F4/80+, CD1lc+, Mo-MDSC, Gr-
MDSC, neutrophils (71A) and Treg frequency (71B) by flow
cytometry. n=2 mice per arm.

[0097] FIG. 72. Phase Ib/II investigator initiated trial of
BMS-986301 (systemic STING agonist) in combination
with copanlisib (PI3K inhibitor) and nivolumab (PD-1 anti-
body) in mCRPC patients.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0098] It is to be understood that the particular aspects of
the specification are described herein are not limited to
specific embodiments presented, and can vary. It also will be
understood that the terminology used herein is for the
purpose of describing particular aspects only and, unless
specifically defined herein, is not intended to be limiting.
Moreover, particular embodiments disclosed herein can be
combined with other embodiments disclosed herein, as
would be recognized by a skilled person, without limitation.
[0099] All publications, patents and patent applications
cited herein are hereby expressly incorporated by reference
in their entirety for all purposes.

Definitions

[0100] Before describing the methods and compositions of
the disclosure in detail, a number of terms will be defined.
[0101] Throughout this specification, unless the context
requires otherwise, the word “comprise” and “include” and
variations (e.g., “comprises,” “comprising,” “includes,”
“including”) will be understood to imply the inclusion of a
stated component, feature, element, or step or group of
components, features, elements or steps but not the exclu-
sion of any other component, feature, element, or step or
group of component, feature, element, or steps.

[0102] As used in the specification and the appended
claims, the singular forms “a,” “an,” and “the” include plural
referents unless the context clearly dictates otherwise.
[0103] As used herein, the terms “or” and “and/or” are
utilized to describe multiple components in combination or
exclusive of one another. For example, “x, y, and/or z” can

refer to “x” alone, “y” alone, “z” alone, “X, y, and z,” “(x and
y)or z,” “x or (y and z),” or “x or y or z.”
[0104] It is noted that terms like “preferably,” “com-

monly,” and “typically” are not utilized herein to limit the
scope of the methods and compositions as described herein
or to imply that certain features are critical, essential, or even
important to the structure or function of the claimed inven-
tion.
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[0105] As used herein, ranges and amounts can be
expressed as “about” a particular value or range. About also
includes the exact amount. Hence “about 5%’ means “about
5%” and also “5%.” The term “about” can also refer to
+10% of a given value or range of values. Hence, about 5%
also means 4.5%-5.5%, for example.
[0106] In some embodiments, percentages disclosed
herein can vary in amount by £10, 20, or 30% from values
disclosed and remain within the scope of the contemplated
disclosure.
[0107] Unless otherwise indicated or otherwise evident
from the context and understanding of one of ordinary skill
in the art, values herein that are expressed as ranges can
assume any specific value or sub-range within the stated
ranges in different embodiments of the disclosure, to the
tenth of the unit of the lower limit of the range, unless the
context clearly dictates otherwise.
[0108] As used herein, the terms “therapeutic amount,”
“therapeutically effective amount,” or “effective amount”
can be used interchangeably and refer to an amount of a
compound, such as a therapeutic agent, that becomes avail-
able through an appropriate route of administration to treat
a patient for a disorder, a condition, or a disease. The amount
of a compound which constitutes a “therapeutic amount,”
“therapeutically effective amount,” or “effective amount”
will vary depending on the compound, the disorder and its
severity, and the age of the subject to be treated, but can be
determined routinely by one of ordinary skill in the art.
[0109] “Treating” or “treatment” as used herein covers the
treatment of a disease or disorder described herein, in a
subject, preferably a human, and includes:
[0110] i. inhibiting a disease or disorder, i.e., arresting
its progression;
[0111] ii. relieving a disease or disorder, i.e., causing
regression of the disorder;
[0112] iii. slowing progression of the disorder; and/or
[0113] iv. inhibiting, relieving, ameliorating, or slowing
progression of one or more symptoms of the disease or
disorder.

For example, the terms “treating,” “treat,” or “treatment”
refer to either preventing, providing symptomatic relief, or
curing a patient’s disorder, condition, or disease.

[0114] As used herein, the terms “patient” and/or “sub-
ject” and/or “individual” can be used interchangeably and
refer to an animal. For example, the patient, subject, or
individual can be a mammal, such as a human to be treated
for a disorder, condition, or a disease.

[0115] As used herein, the terms “disorder,” “condition,”
or “disease” refer to cancers, and in some embodiments,
associated comorbidities.

[0116] As used herein, the term “cancer” refers to any type
of cancerous cell or tissue as well as any stage of a cancer
from precancerous cells or tissues to metastatic cancers. For
example, as used herein, cancer can refer to a solid cancer-
ous tumor, leukemia, and/or a neoplasm.

[0117] As used herein, the term “inhibit” means to slow
down or reduce the activity of a protein, enzyme, or other
agent. “Inhibit” can include complete elimination of a pro-
tein or its activity. The term “inhibit” can further mean to
prevent functional interaction of one or more compounds,
molecules, or proteins. For example, an inhibitor can pre-
vent a receptor from accepting its ligand or prevent activa-
tion of the receptor when accepting its ligand.

2 <

2 <
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Overview

[0118] The present disclosure concerns, in part, use of
phosphatase and tensin homolog (PTEN) as a predictive
biomarker to indicate responsiveness, as well as resistance,
to certain therapeutic approaches for treating cancer.
[0119] Provided herein are methods for treating cancer
using predictive biomarkers. Embodiments of the present
disclosure include methods of treating cancer in a subject,
comprising determining a PTEN status of a tumor of the
subject and administering a PARP inhibitor and a PI3Kinase
inhibitor to the subject if the status of the tumor is deter-
mined to be PTEN-proficient. Further embodiments include
methods of treating cancer in a subject, comprising deter-
mining a PTEN status of a tumor of the subject and
administering a STING agonist to the subject if the status of
the tumor is determined to be PTEN-deficient (i.e., if one or
more cells within the tumor is determined to be PTEN-
deficient).

[0120] Also provided herein are methods of treating can-
cer in a subject, comprising detecting the presence of DNA
double-strand break fragments associated with an exosome
or a microvesicle in a tumor microenvironment and admin-
istering an immune checkpoint blockade-targeting therapy
and a PI3Kinase inhibitor to the subject if DNA double-
strand break fragments associated with an exosome or a
microvesicle in the tumor microenvironment are detected.

Cancer

[0121] The cancer treated by the embodiments in the
present disclosure can be any cancer. In some embodiments,
the cancer is melanoma, cervical cancer, breast cancer,
endometrial cancer, ovarian cancer, prostate cancer, testicu-
lar cancer, urothelial carcinoma, bladder cancer, non-small
cell lung cancer, small cell lung cancer, sarcoma, colorectal
adenocarcinoma, gastrointestinal stromal tumors, gastroe-
sophageal carcinoma, colorectal cancer, pancreatic cancer,
kidney cancer, hepatocellular cancer, malignant mesothe-
lioma, leukemia, lymphoma, myelodysplastic syndrome,
multiple myeloma, transitional cell carcinoma, neuroblas-
toma, plasma cell neoplasms, Wilm’s tumor, glioblastoma,
retinoblastoma, or hepatocellular carcinoma. The cancer can
be refractive to other treatments, such as chemotherapy,
radiotherapy, and/or checkpoint inhibitors.

[0122] In certain embodiments, the cancer is prostate
cancer. In some embodiments, the prostate cancer is
advanced prostate cancer. In some embodiments, the pros-
tate cancer is castration-resistant prostate cancer. In some
embodiments, the prostate cancer is metastatic castration-
resistant prostate cancer. In some embodiments, the cancer
is ovarian cancer. In some embodiments, the cancer is
advanced ovarian cancer.

Treatments

[0123] PI3K inhibitors. PI3K inhibitors inhibit one or
more phosphoinositide 3-kinases, leading to tumor suppres-
sion. PI3K inhibitors contemplated herein can be pan-PI3K
inhibitors, or they can be specific to one or more classes or
isoforms of phosphoinositide 3-kinase (for instance, beta-
selective PI3K inhibitors). PI3K inhibitors contemplated by
the present disclosure can include, but are not limited to,
idelalisib, copanlisib (BAY 80-6946), duvelisib (IPI-145),
alpelisib  (BYL719), taselisib, perifosine, buparlisib
(BKM120), umbralisib (TGR 1202 or RP5264), PX-866,
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dactolisib, CUDC-907, voxtalisib (SAR245409, X1.765),
ME-401, IPI-549, SF1126, RP6530, INK1117, pictilisib
(GDC-0941), XL147 (SAR245408), Palomid 529,
GSK1059615, ZSTK474, PWT33597, 1C87114, TG100-
115, CAL263, RP6503, PI-103, GNE-477, and AEZS-136.
In some embodiments of the present disclosure, a method of
treating cancer comprises administering copanlisib.

[0124] PARP inhibitors. PARP1 is a DNA damage sensor
and signal transducer that binds to DNA breaks and then
synthesises poly(ADP-ribose) (PAR) chains on target pro-
teins. These PAR chains lead to the recruitment of additional
DNA repair effectors that complete the DNA repair process.
Pharmacological PARP inhibitors have two general effects:
catalytic inhibition of PARP1 (i.e., preventing PAR chain
formation) and locking or ‘trapping” PARP1 on damaged
DNA. This blockage of repair leads to a fragmentation of the
genome that ultimately kills the cell. PARP inhibitors con-
templated herein can include, but are not limited to, nira-
parib, olaparib, rucaparib, and talazoparib. In some embodi-
ments of the present disclosure, a method of treating cancer
includes administering rucaparib.

[0125] STING agonists. Pharmacological activation of the
host STING pathway via STING agonists can trigger T
cell-mediated tumor regression and make immunologically
‘cold” tumors (those that are not effectively targeted by the
immune system) into ‘hot’ tumors (those that are effectively
targeted by the immun system). This shift can help to
overcome local immunosuppressive environments seen in
cancer and can increase the effectiveness of classical
immune checkpoint blockade. STING agonists contem-
plated herein can be either nucleotidic or non-nucleotidic.
For example, STING agonists of the present disclosure
include, but are not limited to, prokaryotic c-di|GMP],
eukaryotic 2',3'-<cGAMP, ADU-S100 (ML-RR-S2-CDA or
MIWS815), MK-1454, and BMS-986301. In some embodi-
ments of the present disclosure, a method of treating cancer
includes administering BMS-986301.

[0126] Immune checkpoint blockade (ICB). Checkpoint
inhibitors work by blocking immune checkpoints that shut
down immune responses against cancerous cells. These
molecules are able to unleash new immune responses
against cancer as well as enhance existing responses to
promote elimination of cancer cells. Checkpoint inhibitors
are perhaps the most well-known, and most widely success-
ful, immunomodulators developed so far. Several therapies
that are currently available or in development target Cyto-
toxic T-Lymphocyte-Associated protein 4 (CTLA-4, also
called CD152) or the Programmed Death 1 (PD-1) pathway.
There is a variety of other checkpoint targets, including the
following: Adenosine A2A receptor (A2AR), B7-H3 or
CD276, B7-H4 or VICNI1, B and T Lymphocyte Attenuator
(BTLA) or CD272, Herpesvirus Entry Mediator (HVEM),
Indoleamine 2,3-dioxygenase (IDO), tryptophan 2,3-dioxy-
genase (TDO), Killer-cell Immunoglobulin-like Receptor
(KIR), Lymphocyte Activation Gene-3 (LAG3), nicotina-
mide adenine dinucleotide phosphate NADPH oxidase iso-
form 2 (NOX2), T-cell Immunoglobulin domain and Mucin
domain 3 (TIM-3), V-domain Ig suppressor of T cell acti-
vation (VISTA), Sialic acid-binding immunoglobulin-type
lectin 7 (SIGLEC7) or CD328, and Sialic acid-binding
immunoglobulin-type lectin 9 (SIGLEC9) or CD329. The
present disclosure contemplates inhibitors targeting all of
these checkpoints and administration of one or more check-
point inhibitors to a subject in need thereof. In some
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embodiments of the present disclosure, the checkpoint
inhibitor is an antibody or antigen-binding fragment thereof.
In some embodiments, the checkpoint inhibitor is a peptide.
In other embodiments, the checkpoint inhibitor is a small
molecule. In some embodiments, the immune checkpoint
blockade-targeting therapy targets cytotoxic T-lymphocyte
associated protein 4 (CTLA-4). In some embodiments, the
immune checkpoint blockade-targeting therapy targets pro-
grammed cell death protein 1 (PD-1). In some embodiments,
the immune checkpoint blockade-targeting therapy targets
programmed death-ligand 1(PD-L1). In some embodiments
of the present disclosure, a method of treating cancer com-
prises administering nivolumab, an antibody targeting PD-1.

PTEN and its Use as a Biomarker for Cancer Therapies

[0127] PTEN is a potent tumor suppressor, and its loss of
function is frequently observed in both heritable and spo-
radic cancers. PTEN has phosphatase-dependent and phos-
phatase-independent (scaffold) activities in the cell and
governs a variety of biological processes, including main-
tenance of genomic stability, cell survival, migration, pro-
liferation, and metabolism. Even a subtle decrease in PTEN
levels and activity results in cancer susceptibility and
favours tumor progression. Regulation of PTEN has there-
fore emerged as a subject of intense research in tumor
biology. Recent discoveries, including the existence of dis-
tinct PTEN isoforms and the ability of PTEN to form
dimers, have brought to light potential new modes of PTEN
function and regulation. The status PTEN in tumors and
their surroundings—i.e., whether PTEN is decreased (PTEN
loss-of-function, or LOF; the tumor or subject is “PTEN-
deficient”) or not (the tumor or subject is “PTEN-profi-
cient”)—can yield information as to whether or not a patient
will respond to a given therapy.

[0128] PTEN and STING agonists. PTEN-deficient cancer
patients are predicted to respond to STING agonist therapy
(with or without PI3K inhibitors). Studies in prostate cancer
have demonstrated that concomitant castration can attenuate
the anti-cancer response of PTEN-deficient cancers to
STING agonist therapy. These therapies can therefore poten-
tially be most effective if used pre-castration in either
localized or locally advanced PC (versus following the
development of castration-resistance in locally advanced or
metastatic cancer).

[0129] In some embodiments of the present disclosure, a
method of treating cancer in a subject comprises determin-
ing a PTEN status of a tumor of the subject and adminis-
tering a STING agonist to the subject if the status of the
tumor is determined to be PTEN-deficient (i.e., if one or
more cells within the tumor is determined to be PTEN-
deficient). In further embodiments, the present disclosure
provides a method of treating cancer in a subject comprising
the steps of: a) selecting a subject with cancer having a
diagnosis of a PTEN-deficient tumor; and b) treating the
subject with a STING agonist.

[0130] PTEN and PARP inhibitors. PTEN-deficient cancer
patients are predicted to be resistant to PARP inhibitors
(PARP1), singly and in combination with PI3K inhibitors
(PI3Ki). Therefore, PTEN loss-of-function is a negative
predictive biomarker for PARPi therapy, singly and in com-
bination with PI3Ki therapy.

[0131] PTEN and PI3K inhibitors. PTEN-deficient cancer
patients are resistant to single-agent PI3Ki therapy. The
present disclosure provides that STING and PI3Ki in com-
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bination can control tumor growth. Present studies have
demonstrated that PI3Ki in combination with STING ago-
nist therapy effectively controls tumor growth in PTEN-
deficient prostate and ovarian cancers. Given the tumor cell
extrinsic mechanism of STING activation, the presence of
myeloid suppressive cells within the tumor microenviron-
ment is important for success of STING agonist/PI3Ki
combination treatment.

[0132] In some embodiments of the present disclosure, a
method of treating cancer comprises determining a PTEN
status of a tumor of the subject and administering a PARP
inhibitor and a PI3Kinase inhibitor to the subject if the status
of the tumor is determined to be PTEN-proficient. In further
embodiments, the disclosure provides a method of treating
cancer in a subject comprising the steps of: a) selecting a
subject with cancer having a diagnosis of a PTEN-proficient
tumor; and b) treating the subject with a PARP inhibitor in
combination with a PI3Kinase inhibitor.

[0133] PTEN and checkpoint inhibitors. PTEN-deficient
cancer patients are de novo resistant to checkpoint inhibi-
tors. The present disclosure provides that STING agonists,
singly and/or in combination with PI3K inhibitors, sensitize
cancer to checkpoint inhibitors. In some embodiments of the
present disclosure, the methods of treating cancer include
administering checkpoint inhibitors, i.e. immune checkpoint
blockade-targeting therapy.

[0134] PTEN and androgen deprivation therapy (ADT).
PTEN-deficient prostate cancer patients have a short-lived
response to ADT relative to PTEN-proficient patients,
resulting in the rapid development of castration resistance.
While ADT is the standard-of-care for all advanced prostate
cancer patients, the PTEN-deficient subset has limited
responsiveness to ADT.

Determining PTEN Status

[0135] The present disclosure contemplates a variety of
means for determining the PTEN status of a tumor/patient,
and various relevant techniques. In some embodiments of
the present disclosure, determining PTEN status comprises
taking a tissue biopsy from the tumor of the subject. In some
embodiments, determining the PTEN status comprises next
generation sequencing and/or immunohistochemistry. Next
generation sequencing is characterized by highly scalability,
allowing the entire genome to be sequenced at once. Usually,
this is accomplished by fragmenting the genome into small
pieces, randomly sampling for a fragment, and sequencing it
using one of a variety of technologies. Sequencing an entire
genome is possible because multiple fragments are
sequenced at once (“massively parallel”) in an automated
process. Immunohistochemistry (IHC) uses monoclonal or
polyclonal antibodies to determine the tissue distribution of
an antigen of interest in health and disease. IHC is widely
used in diagnosis of cancers. Therefore, anti-PTEN antibod-
ies are contemplated for use herein for the determination of
PTEN status of a subject.

Exosomes as a Biomarker

[0136] Exosomes are the smallest vesicles (30-100 nm)
released by the fusion of multivesicular bodies containing
intraluminal vesicles with the plasma membrane. Onco-
somes or tumor-derived microvesicles are vesicular struc-
tures (0.1-1.0 pm) shed by outward blebbing of the plasma
membrane. The presence of DNA double-strand breaks
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associated with microvesicles (MVs) can be utilized as a
surrogate immune biomarker of response to DNA damage-
induced STING pathway activation, and can predict for
responsiveness to PARPi/PI3Ki combination therapy and
sensitization to immune checkpoint blockade. Based on the
present data, it is anticipated that administration of a PARP
inhibitor, singly and/or in combination with a PI3K inhibi-
tor, will lead to the generation/detection of DNA double-
strand break (DSB) fragments associated with MVs in the
blood in PTEN-proficient prostate cancers. In contrast,
PTEN LOF abrogated DNA DSB association with MVs
following PARPi/PI3Ki treatment, resulting in resistance to
DNA damage-induced STING pathway activation. This dis-
covery highlights the possibility of utilizing this blood-
based DNA DSB/MV as a positive predictive biomarker of
responsiveness to PARPi/PI3Ki and/or immune checkpoint
blockade therapy. In addition, PTEN LOF can be utilized as
a negative predictive biomarker for DNA damage-induced
STING pathway activation.

[0137] In some embodiments of the present disclosure,
methods of treating cancer in a subject include detecting the
presence of DNA double-strand break fragments (DSBs)
associated with one or more exosomes or microvesicles in a
tumor microenvironment (TME) and administering an
immune checkpoint blockade-targeting therapy and a
PI3Kinase inhibitor to the subject if DNA double-strand
break (DSB) fragments associated with the one or more
exosomes or microvesicles in the TME are detected. In
further embodiments, the present disclosure provides a
method of treating cancer in a subject comprising the steps
of: a) selecting a subject with cancer having DNA double-
strand break fragments associated with exosomes or
microvesicles in the tumor microenvironment; and b) treat-
ing the subject with an immune checkpoint blockade-target-
ing therapy in combination with a PI3Kinase inhibitor. In
some embodiments, detecting DNA double-strand break
fragments associated with one or more exosomes or
microvesicles comprises taking a blood sample, or liquid
biopsy, and/or a solid tissue biopsy from the subject (e.g.,
either from the blood or from the TME). Immunohisto-
chemical and/or other immunofluorescent techniques (e.g.,
confocal staining) as decribed herein can be used, for
example, to detect DSBs in the one or more exosomes or
microvesicles.

[0138] Insome embodiments of the present disclosure, the
methods of treating cancer disclosed herein can include
administration of one or more of androgen deprivation
therapy, chemotherapy, and/or radiotherapy.

[0139] In some embodiments, multiple therapeutic agents
(e.g., an agonist and/or an inhibitor) and/or modalities (e.g.,
ADT, surgery, chemotherapy, radiotherapy, etc.) can be
administered to a subject at the same time, for example, in
the same composition, or simultaneously but in separate
compositions. In some embodiments, multiple therapeutic
agents and/or modalities can be administered in series (one
after another spaced in time by a period of seconds, minutes,
hours, or days). Any variation of treatment methodologies is
contemplated herein.

Therapeutic Compositions

[0140] In addition to the described embodiments above, it
is further contemplated that in other embodiments any
therapeutic agent (e.g., a therapeutic compound, active phar-
maceutical ingredient, biologic, inhibitor, agonst, etc.)
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described herein can be administered to a subject in need
thereof either alone or in combination any other therapeutic
agent disclosed herein in a therapeutic composition includ-
ing one or more pharmaceutical excipients.

[0141] The therapeutic compositions of the present dis-
closure can take a form suitable for virtually any mode of
administration, including, for example, injection, transder-
mal, oral, topical, ocular, buccal, systemic, nasal, rectal,
vaginal, etc., or a form suitable for administration by inha-
lation or insufflation. Compositions that can be delivered
intravenously and/or intratumorally are also contemplated
herein.

[0142] Compositions containing active pharmaceutical
ingredients may also contain one or more inactive pharma-
ceutical excipients and other substances. The therapeutic
compositions described herein can include a pharmaceuti-
cally acceptable carrier, solvent, adjuvant, diluent, or com-
bination thereof. These ingredients can include, but are not
limited to, lubricants, solubilizers, alcohols, binders, con-
trolled release polymers, enteric polymers, disintegrants,
colorants, flavorants, sweeteners, antioxidants, preserva-
tives, pigments, additives, fillers, suspension agents, surfac-
tants (for example, anionic, cationic, amphoteric and non-
ionic), and the like. Various FDA-approved topical inactive
ingredients are found at the FDA’s “The Inactive Ingredients
Database” that contains inactive ingredients specifically
intended as such by the manufacturer, whereby inactive
ingredients can also be considered active ingredients under
certain circumstances, according to the definition of an
active ingredient given in 21 CFR 210.3(b)(7). Alcohol is a
good example of an ingredient that may be considered either
active or inactive depending on the product formulation.
[0143] The therapeutic compositions described herein, or
pharmaceutical compositions thereof, will generally be used
in an amount effective to achieve the intended result (“effec-
tive dose” or “effective amount™), for example, in an amount
effective to treat or prevent the particular disease being
treated (e.g., a therapeutically effective amount) and thereby
provide a therapeutic benefit. By therapeutic benefit is meant
eradication or amelioration of the underlying disorder being
treated and/or eradication or amelioration of one or more of
the symptoms associated with the underlying disorder such
that the patient reports an improvement in feeling or con-
dition, notwithstanding that the subject may still be afflicted
with the underlying disorder. Therapeutic benefit also gen-
erally can include halting or slowing the progression of the
disease.

[0144] The amount of therapeutic composition or modal-
ity administered can be based upon a variety of factors,
including, for example, the particular condition being
treated, the mode of administration, whether the desired
benefit is prophylactic and/or therapeutic, the severity of the
condition being treated and the age and weight of the patient,
the genetic profile of the patient, and/or the bioavailability of
the particular therapeutic composition, etc.

[0145] Determination of an effective dosage of therapeutic
agents for a particular use and mode of administration is well
within the capabilities of those skilled in the art. Effective
dosages can be estimated initially from in vitro activity and
metabolism assays. For example, an initial dosage of a
therapeutic composition for use in animals can be formu-
lated to achieve a circulating blood or serum concentration
of the therapeutic composition that is at or above an EC5, of
the particular therapeutic composition as measured in an in
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vitro assay. Calculating dosages to achieve such circulating
blood or serum concentrations taking into account the bio-
availability of the particular therapeutic composition via the
desired route of administration is well within the capabilities
of skilled artisans. Initial dosages of therapeutic composi-
tions can also be estimated from in vivo data, such as animal
models. Animal models useful for testing the efficacy of the
therapeutic composition to treat or prevent the various
diseases described above are well-known in the art. Animal
models suitable for testing the bioavailability of the thera-
peutic composition are also well-known. Skilled artisans can
routinely adapt such information to determine dosages of
particular therapeutic compositions suitable for human
administration.

[0146] For any given therapeutic agent disclosed herein,
dosage amounts can be in the range of from about 0.0001
mg/kg/day, 0.001 mg/kg/day, or 0.01 mg/kg/day to about
100 mg/kg/day, but can be higher or lower, depending upon,
among other factors, the activity of the therapeutic agent, the
bioavailability of the therapeutic composition, other phar-
macokinetic properties, the mode of administration and
various other factors, including the particular diseases being
treated, the site of the disease within the body, the severity
of the disease, the genetic profile, age, health, sex, diet,
and/or weight of the subject. Dosage amount and interval
can be adjusted individually to provide levels of the thera-
peutic compositions sufficient to maintain therapeutic and/or
prophylactic effects. For example, the therapeutic composi-
tions can be administered once per week, several times per
week (e.g., every other day), once per day or multiple times
per day, depending upon, among other things, the mode of
administration, the specific indication being treated and the
judgment of the prescribing physician. In cases of local
administration or selective uptake, such as local topical
administration, the effective local concentration of therapeu-
tic compositions may not be related to plasma concentration.
Skilled artisans will be able to optimize effective dosages
without undue experimentation.

EXAMPLES

[0147] The Examples that follow are illustrative of spe-
cific embodiments of the disclosure, and various uses
thereof. They are set forth for explanatory purposes only and
should not be construed as limiting the scope of the disclo-
sure in any way.

Example 1

Co-Targeting PARP and PI3K to Enhance
Immune-Responsiveness in Prostate Cancer

[0148] While immune checkpoint blockade (ICB) target-
ing CTLA-4, PD-1/PD-L.1 have shown remarkable success
across cancers, most prostate cancer (PC) patients do not
respond to these therapies. Therefore, there is a need to
discover therapeutic strategies that enhance immune-respon-
siveness in ICB-refractory PC.

Methods and Results

[0149] Generally in reference to FIGS. 1-12, initially, as a
first step towards understanding the mechanistic basis for the
general resistance of PC to ICB, gene expression data were
analyzed from primary and metastatic PCs within the TCGA
and SU2C, respectively, for the expression of a validated
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panel of 13 genes that comprise a “T cell-inflamed” gene
signature. This analysis revealed that the majority of primary
and metastatic PCs have a non-T cell inflamed gene expres-
sion signature. Notably, immune profiling of a representative
metastatic bone marrow aspirate from a mCRPC patient that
progressed on ipilimumab/nivolumab demonstrated immune
exclusion within the TME. The small fraction of immune
cells within the TME were dominated by myeloid immuno-
suppressive cells, particularly tumor-associated macro-
phages (TAMs) with an M2 phenotype.

[0150] Additional studies have shown that activation of
the innate immune sensing cGAS/STING pathway with
STING agonists can result in activation of DCs within the
TME, resulting in a strong Type I interferon response,
recruitment of effector T cells into the TME, and a potent
anti-tumor immune response in multiple preclinical cancer
mouse models. STING activation in various tumor models
can occur within the host immune cells, the tumor cells, or
both compartments.

[0151] As afirst step towards interrogating this pathway in
PC, cGAS and STING expression were assessed in primary
human PC samples within the TCGA, which revealed a
reduced expression relative to normal tissue counterparts.
Furthermore, unsupervised hierarchical clustering of gene
expression data obtained from primary PC samples within
the TCGA, using previously published “low” and “high”
Prostate Cancer Metastatic (PCM) signatures, revealed that
patients that exhibit a poor prognosis with lower biochemi-
cal recurrence-free survival, had reduction in STING and
activated M1-like myeloid gene expression, respectively.
These data identify a correlation between STING expres-
sion, myeloid activation states, and overall clinical outcome.
[0152] To develop preclinical models that mimic low- vs.
high-STING human prostate cancers, cGAS and STING
protein expression was assessed in two transgenic myc-
driven prostate cancer lines, myc-CAP and B6-myc, gener-
ated in FVB and C57BL6 genetic backgrounds, respectively.
Low cGAS/STING expression occurred in myc-CAP and
high ¢cGAS/STING expression occurred in B6-myc cells.
[0153] Thus, myc-CAP and B6-myc cells can serve as
models of STING-low and STING-high human PC, respec-
tively. It was previously shown that a combination of PARP
inhibitors (PARP1) and pan-PI3K inhibitors (PI3Ki) induces
additive DNA damage in PC cells. While treatment of both
myc-CAP and B6 myc cell lines with PARPi/PI3Ki resulted
in additive DNA damage in vitro, tumor regression in vivo
was only observed in syngeneic B6-myc (high-STING), but
not myc-CAP (low STING) tumors, suggesting that activa-
tion of tumor cell-intrinsic STING signaling in response to
DNA damage is critical for optimal anti-tumor responses.
[0154] Prior studies have demonstrated that early stages of
castration induce T-effector and T-regulatory cell infiltration
within prostate tumors. Therefore, the hypothesis that immu-
nostimulatory effects of castration would synergize with
PARPi/PI3Ki combination, which enhances DNA sensing
STING pathway activation, was tested to elicit a potent
anti-tumor response in syngeneic myc-CAP tumors. The
combination of degarelix and PARPi/PI3Ki resulted in sup-
pression of tumor growth in myc-CAP (low-STING) tumors,
which was not observed with degarelix alone or PARPY/
PI3K treatment. Importantly, the anti-tumor response
observed with castration/PARPi/PI3Ki was abolished in
immunodeficient nude mice, suggesting that this regimen
induces tumor control via an immune-dependent mecha-

Jan. 21, 2021

nism. Furthermore, PARPi/PI3Ki/ADT led to increased
macrophage infiltration/activation and CD8 T cell infiltra-
tion within myc-CAP tumors, and this was enhanced by
ICB. Notably, PTEN-deficient myc-CAP tumors were
observed to have increased infiltration of myeloid cells,
specifically tumor-associated macrophages (TAMs) and
granulocyticmyeloid derived suppressor cells (Gr-MDSCs),
and decreased infiltration of CD4, CDS8 and dendritic cells
within the TME, relative to their PTEN-proficient counter-
parts. These findings were corroborated by pooled bioinfor-
matic analysis using PTEN-deficient primary and metastatic
prostate cancer samples from the TCGA and SU2C, which
demonstrated a significant enrichment of MDSC-high
tumors within PTEN-deficient prostate cancers.

[0155] Next, the therapeutic impact of the PARPi/PI3Ki/
ADT combination in a myc-CAP-PTEN deficient syngeneic
model, generated by CRISPR/CAS9-mediated deletion of
PTEN, was tested. Surprisingly, the combination of PARPi/
PI3Ki/ADT {ails to enhance tumor macrophage infiltration/
activation and CD8/CD4 T cell infiltration within myc-CAP/
PTEN deficient tumors, resulting in a lack of anti-tumor
response (not shown). Based on these results, it was postu-
lated that PTEN deficient-prostate cancers are de novo
resistant to immunotherapy, through dysregulation of tumor
cell intrinsic and extrinsic DNA-sensing STING pathway
activation within the TME, and this resistance can be
overcome by STING agonist-based 10 combinations.
[0156] As a first step towards testing this hypothesis, ex
vivo co-culture assays were performed of PTEN-proficient
myc-CAP PC cells with bone-marrow derived macrophages
(BMDMs), which revealed that PARPi/PI3Ki treatment
increased macrophage activation in a STING-dependent
manner, and this myeloid reprogramming was mediated by
microvesicles or exosomes carrying dsDNA released from
drug-treated tumor cells.

[0157] Recent work has shown that AKT can phosphory-
late c-GAS at Ser-291 or Ser-305, leading to post-transla-
tional suppression of its enzymatic activity. It was hypoth-
esized that PI3Ki treatment can derepress c-GAS enzymatic
activity, in addition to inducing additive DNA damage in
combination with PARPi. To test this hypothesis, the impact
of microvesicles (MVs) collected from PARPi-treated myc-
CAP cells, and then treated BMDMs with MVs alone, PI3Ki
alone, or the combination of MVs/PI3Ki was assessed.
Strikingly, the combination of MVs/PI3Ki resulted in
STING activation within BMDMs, similar to what was
achieved with direct treatment of BMDMs with STING
agonists. In contrast, MVs derived from PARPi-treated
myc-CAP/PTEN-null cells, in combination with PI3Ki,
were unable to activate STING within macrophages. These
preliminary observations were corroborated in ex vivo stud-
ies utilizing prostate tumors from PTEN-deficient GEMMS,
which revealed an inability of PARPi/PI3Ki to drive c-GAS/
STING pathway activation and Type I interferon production
within myeloid cells. Importantly, it was observed that MV's
released from PTEN-deficient PC cells lack dsDNA, thus
providing one potential mechanism of resistance to DNA
sensing STING pathway activation.

[0158] For in vitro work, all isogenic cell lines were grown
in DMEM medium containing 10% FBS, 1% P/S, and 2%
L-glutamine. Bone marrow derived macrophages (BMDM)
from wild type and STING-/- mice used for co-culture
experiments were differentiated in 10% RPMI containing
1% P/S and 30% L-conditioned media for a total of 5 days.
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For immune profiling by flow cytometry, cells were stained
using the following antibodies: anti-mouse CD45, CD11b,
F480, MHC-1I, CD86, PD-L1, PD-1, CD4, and CD8. The
supernatants from the co-culture experiments were utilized
for quantification of IFNB1 (Biolegend) and related cytok-
ines by ELISA. To look for biomarkers of DNA damage and
signaling proteins downstream of STING activation, confo-
cal staining for cytosolic dsDNA and western blot for
polyADP-ribosylation, p-gamma-H2AX, cGAS/STING,
pIRF3/IRF3, pTBK1/TBK1, and GAPDH was completed on
cell lines. Exosomes were isolated by ultracentrifugation
and utilized for quantitative and qualitative analysis. For in
vivo experiments, Myc-CAP cells were engrafted subcuta-
neously in FVB mice and B6-MYC tumor explants were
implanted into C57Bl/6] mice. Statistical analysis was done
by one-way ANOVA.

Discussion

[0159] Treatment of c-myc-driven PC cell lines in vitro
with PARPi/PI3Ki combination results in increased DNA
damage and cytosolic release of DNA fragments. Ex vivo
and in vitro co-culture assays showed that DNA damage in
cancer cells induces STING-dependent activation of tumor-
associated macrophages, resulting in phenotypic shift of
suppressive M2 cells into M1 macrophages, expressing high
levels of MHC-II and enhanced antigen presentation capac-
ity. Interestingly, STING activation within myeloid suppres-
sive cells induced by the PARPi/PI3Ki combination was
mediated by dsDNA-containing exosomes released by
PARPi-treated tumor cells, and PI3Ki-mediated de-repres-
sion of c-GAS enzymatic activity within macrophages.
Exosome reconstitution assays demonstrated that DNAse
treatment of the microvesicles isolated from PARPi/PI3Ki-
treated cell lines completely abolished type I interferon
response elicited within macrophages. The efficacy of
PARPi/PI3Ki combination was tested in two independent
c-myc” in vivo models of PC, where significant inhibition of
tumor growth was observed. Flow cytometric analysis of
single cell suspensions from tumor showed increased infil-
tration of activated macrophages. Strikingly, exosomes from
PARPi-treated PTEN-/- tumor cells (which undergo DNA
damage) were unable to activate STING within macro-
phages, due to absence of dsDNA fragments within exo-
somes, consistent with the absence of macrophage activation
and CD8 infiltration observed in PTEN-deficient mychi
models in vivo. This block in DNA damage-induced STING
pathway activation within PTEN-deficient cancers can be
overcome by administration of direct STING agonists in
vivo.

Conclusions

[0160] These results demonstrate that DNA damage elic-
ited by PARPi/PI3Ki can reprogram the myeloid tumor
microenvironment to enhance anti-tumor immunity within
PTEN+/+ cancers. The block to DNA damage-induced
STING pathway activation in PTEN-/- cancers can be
overcome by administration of direct STING agonists in
vivo. Additional experiments are needed to evaluate differ-
ential immunologic and therapeutic impact of PARP1/PI3Ki
or STING agonist/PI3Ki combinations on sensitization of
PTEN+/+ and PTEN-/- PCs to ICB.

[0161] PARPi/PI3Ki results in STING activation in the
myeloid microenvironment in myc-driven murine prostate
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models. STING activation within myeloid suppressive cells
was mediated via dsDNA-containing exosomes released
from tumor cells. PI3Ki-mediated de-repression of ¢-GAS
activity within macrophages was required for optimal
STING pathway activation induced by DNA damage. The
combination of PARPi/PI3Ki enhanced T cell infiltration,
resulting in tumor regression of myc-driven murine PC in
vivo. Preliminary immune profiling of metastatic biopsies
demonstrated relief of immune suppression in patients
treated with Rucaparib/Nivolumab clinical trial. PTEN loss
is a negative predictive biomarker for DNA damage-induced
STING pathway activation.

[0162] PTEN-deficient tumors are resistant to DNA dam-
age-induced STING pathway activation, as determined by
using PARPi in combination with PI3Ki. PTEN loss is
therefore a negative predictive biomarker for DNA damage
induced STING pathway activation. This discovery could
explain emerging clinical trial data that PTEN loss (despite
inducing homologous recombination deficiency) has NOT
been shown to be a positive predictive biomarker to PARPi
therapy in patients with metastatic, castrate resistant prostate
cancet.

[0163] STING agonists are being deployed to ask the
question of whether direct STING agonism within the tumor
microenvironment (TME), not DNA immunogen-induced,
can bypass the dependency on dsDNA and induce an anti-
tumor response in PTEN-deficient prostate cancer murine
models. Data obtained using DMXAA (a mouse STING
agonist) demonstrate that PTEN-deficient prostate cancers
are resistant to direct STING agonists as well.

Example 2

PARP and PI3K Inhibitor Combination Therapy
Eradicates c-MYC-Driven Murine Prostate Cancers
Via cGAS/STING Pathway Activation within
Tumor-Associated Macrophages

Abstract

[0164] The majority of metastatic, castrate-resistant pros-
tate cancer (mCRPC) patients are de novo resistant to
immune checkpoint blockade (ICB), so therapeutic strate-
gies to enhance immune response are urgently needed. In
this study, a co-clinical trial was performed of PARP inhibi-
tor (PARP1) in combination with PD-1 or PDL-1 antibody in
genomically unselected mCRPC patients or homologous-
recombination proficient murine models, respectively,
which demonstrated lack of efficacy. In contrast, PARPi in
combination with PI3K inhibitor (PI3Ki), induced tumor
regression via macrophage STING-dependent innate
immune activation in vivo, and enhanced T-cell infiltration/
activation in c-myc driven murine prostate cancer models,
which was augmented by PDL-1 blockade. Ex vivo mecha-
nistic studies revealed that PARPi-induced DNA double
strand break-associated microvesicles released from tumor
cells, coupled with PI3Ki-mediated c-GAS de-repression,
were both required for macrophage cGAS/STING pathway
activation. These data demonstrate that the PARPi/PI3Ki
combination triggers macrophage STING-mediated anti-
cancer innate immunity, which is sufficient to induce tumor
regression in ICB-refractory c-myc-driven prostate cancer.

Statement of Significance

[0165] Co-targeting of PARP and PI3K signaling path-
ways activates the c-GAS/STING pathway within macro-
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phages, thereby enhancing T cell recruitment/activation into
the tumor microenvironment and cancer clearance in c-myc-
driven murine models. PARPi/PI3Ki combination therapy
could markedly increase the fraction of mCRPC patients
responsive to ICB, independent of germline or tumor
homologous recombination status.

Introduction

[0166] Prostate cancer (PC) is the most common malig-
nant neoplasm in men and the second most frequent cause of
cancer death for males in the United States. While there have
been incremental advances, mCRPC remains an incurable
disease with high morbidity and mortality, so there is an
urgent need to develop definitive treatments that improve
survival. Over the past decade, there has been a resurgent
interest in cancer immunotherapy, partly based on the pro-
found and durable clinical responses to immune checkpoint
blockade (ICB) antibodies targeting CTLA-4 and PD-1/PD-
L1. However, only approximately 10-25% of mCRPC
patients respond to these approaches.

[0167] MYC is a “master” proto-oncogene that contrib-
utes to tumorigenesis of greater than 75% of all advanced,
refractory human cancers, particularly prostate, colon,
breast, cervical cancers, acute myeloid leukemia, lympho-
mas, small-cell lung cancer, and neuroblastoma. C-myc is a
transcription factor encoded by the MYC gene on locus
8q24.21, which is frequently amplified in human cancers.
However, despite multiple pharmaceutical efforts, c-myc has
remained “undruggable.” Furthermore, c-myc driven-can-
cers are resistant to ICB. Therefore, therapeutic strategies
that target c-myc-driven cancers and enhance their respon-
siveness to ICB are urgently needed.

[0168] The cGAS/STING pathway is known to be physi-
ologically activated by cytosolic double-stranded DNA
(dsDNA), which typically occurs in the context of viral
infections, resulting in the generation of cytosolic cyclic
dinucleotides generated by the Cyclic GMP-AMP synthase
(cGAS) enzyme, downstream activation of the Stimulator of
Interferon Genes pathway and induction of Type I interferon
(IFN) production. Recent preclinical studies have demon-
strated that PARP1, which are FDA approved for BRCA 2
mutated prostate, breast, ovarian, and pancreatic cancers,
can activate the innate immune cGAS/STING pathway in
murine homologous recombination (HR)-deficient breasts
and ovarian cancer models, resulting in sensitization of these
tumors to ICB. Furthermore, preclinical data suggests that
PARPiI can elicit DNA damage in HR-proficient cancers, but
this response is generally insufficient for meaningful clinical
activity.

[0169] To test the hypothesis that PARPi and resulting
DNA damage can sensitize HR-proficient mCRPC to ICB, a
co-clinical trial was performed testing the combination of
PARPi with PD-1 or PD-L1 antibody in both HR-proficient
mCRPC patients and murine models, respectively, which
demonstrated lack of efficacy. In contrast, concomitant PI3K
inhibitor (PI3Ki) treatment with PARPi induced tumor
regression in c-myc driven murine PC models via tumor
cell-extrinsic, macrophage STING-dependent innate
immune activation, which was accompanied by enhanced
T-cell infiltration/activation. Critically, the anti-tumor
response elicited by PARP1/PI3Ki was augmented by PD-1/
PD-L1 axis blockade and abrogated in immunodeficient
mice and immunocompetent mice treated with systemic
macrophage depleting agent (Clodronate) or STING antago-
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nist (H-151). Mechanistically, it was observed that DNA
double-strand break (DSB)-associated MVs released from
PARPi-treated transgenic c-myc-over-expressing cancer
cells, along with concomitant PI3Ki-mediated post-transla-
tional de-repression of cGAS enzymatic activity, increased
c¢GAMP and activated the STING pathway within tumor-
associated macrophages (TAMs). Taken together, these data
demonstrate that the PARPi/PI3Ki combination drives anti-
cancer innate immunity via cGAS/STING pathway activa-
tion within TAMs, resulting in tumor regression in murine
models of c-myc-driven PC. Based on these observations,
clinical trials testing PARPi/PI3K inhibitors with ICB are
warranted in immunotherapy-refractory HR-proficient
advanced PC.

Methods

[0170] Rucaparib/nivolumab clinical trial in mCRPC
patients. mCRPC prostate cancer patients, independent of
HR status, who had received at least one AR targeted
therapy, without prior exposure to PARPi or ICB therapy,
were enrolled in an investigator-initiated, IRB-approved
co-clinical trial (NCT03572478) of rucaparib (PARPi) with
nivolumab (PD-1 antibody) and treated until disease pro-
gression or unacceptable toxicity. All patients provided
informed consent prior to clinical trial enrollment. As part of
study requirements, serial PSAs were obtained on a monthly
basis following study enrollment and measured using stan-
dard clinical laboratory diagnostic methods.

[0171] Multi-Parameter Flow Cytometry. Human Biop-
sies: Tissues were processed into single cell suspensions via
gentle mechanical dissociation in 12-well plates containing
1 ml of 10% RPMI media supplemented with 10% fetal
bovine serum, 1% penicillin-streptomycin and 2% L-gluta-
mine. Cell suspensions were centrifuged at 500 g for 5
minutes at 4° C., resuspended in FACS buffer (1x PBS
containing 0.5% FBS and 0.01% sodium azide) and used for
staining with the following anti-human antibodies (Bioleg-
end®): CD45, CDI11b, CD163, CD68, HLA-DR, CD15,
CD33,CD16, PD-L1, CD3,CD4,CD8 CDI19, 4-1BB, PD-1,
CDllc. All flow antibodies in this study were utilized at
recommended dilutions provided by the manufacturer.
Murine tumors: Murine tumors were processed identically
with an additional step of filtration to remove cell debris,
where single cells were passed through a 70-micron mesh,
prior to stain. One million cells resuspended in 1x FACS
buffer were stained with titrated concentrations of the fol-
lowing anti-mouse antibodies: CD45, CDI11b, CDllec,
CD19, F480, Ly6G, Ly6C, PD-L1, and VISTA, I-Ae/IAb,
H-2%%, CD3, CD4, CD8, 4-1BB, PD-1, CD206, and CSF-
1R. Incubation with antibodies was done at 4° C. for 30-40
minutes for both murine and human cells. Following stain-
ing, cells were washed twice with 1x FACS buffer and fixed
with 300 pl of 4% paraformaldehyde (Fisher Scientific®),
prior to analysis on BD instrument LSR 4-15 Fortessa™.
Data collected on flow cytometer using BDFACSDIVA
software and was analyzed using FlowJo® software (Tree
Star).

[0172] Bioinformatics analysis of myeloid gene signature
using TCGA database. The transcriptome data (Illumina
HiSeq RNASeqV2) was downloaded for prostate cancer
tumors and normal prostate from the TCGA data portal and
analyzed for differential expression of STING and c-GAS.
Additionally, the Biochemical Recurrence (BCR) status and
Gleason Scores were also downloaded for 488 prostate
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tumors. The samples were grouped into High Gleason score
(28) and Low Gleason score. The RNA-Seq data was used
to analyze the differential expression of genes between High
and Low Gleason score samples. Statistical analysis for
evaluating changes in gene expression between the different
groups were done using unpaired non-parametric t-test.
[0173] Cancer Cell Lines. Transgenic c-myc” prostate
tumor derived cell line, Myc-CAP) (STING™) was obtained
from ATCC and passaged in 1x DMEM (without phenol red)
containing 10% fetal bovine serum, 1% penicillin-strepto-
mycin and 2% L-glutamine. The corresponding c-myc™ line
derived from a C57BL6 generated background were grown
for in vitro studies, using same culture conditions as for
Myc-CAP. All cell lines were confirmed to be Mycoplasma-
free using the Universal Mycoplasma Detection Kit
(ATCC® 30-1012K™) testing kit. Both the B6-Myc (STIN-
G cell line and the B6-Myc whole tumor explants used for
in vivo studies were a kind gift from Dr. Leigh Ellis (Dana
Farber Cancer Institute, Boston). For in vitro drug treat-
ments, the following concentrations were used: Rucaparib
(500 nM), Buparlisib (1 pM), DMXAA (50 pg/ml) with
specific treatment durations for individual experiments indi-
cated in the figure legends.

[0174] Western Blot Analysis. RIPA and T-PER buffer
(Thero Scientific®), supplemented with protease (Roche®)
and HALT phosphatase inhibitor cocktail (Roche®), were
used for preparation of lysates from in vitro cell lines and
whole tumor chunks, respectively. For western blotting, the
following antibodies were used from Cell Signaling Tech-
nology®: Polyclonal rabbit anti-mouse-phospho-yH2AX,
phospho-AKT, total AKT, cGAS, STING, phospho-IRF3,
total IRF3, phospho-TBK1, total TBK1, PTEN, p-actin and
GAPDH. Monoclonal anti-mouse PAR antibody was
obtained from Trevigen®. Images of scanned blots were
processed using ADOBE Photoshop®.

[0175] Generation of BMDMSs. Bone marrow derived
macrophages were differentiated as previously described.
Briefly, bone marrow cells were isolated from male FVB/NIJ,
C57Bl/6FTNG+* and C57BL/6]-Sting187/J7NG~=) mice
and differentiated in the presence of 10x RPMI media
(supplemented with 10% fetal bovine serum, 1% penicillin-
streptomycin and 2% L-glutamine) containing 30% L-con-
ditioned media or M-CSF (50 ng/ml) for 5-7 days. Differ-
entiated cells were stimulated directly with 50 pg/ml of
5,6-Dimethylxanthenone-4-acetic Acid (DMXAA, mouse
STING agonist) for 36 hours. Following treatment, super-
natants were collected for Type I IFN ELISA (LEGEND
MAX™ Mouse IFNf1 ELISA, Biolegend®) and processed
as specified in protocol.

[0176] Generation of syngeneic models and in vivo drug
administration. Wild-type (WT) CS57BL/6J, C57BL/6J-
Sting 18%/]7VG="-) FVB/NI mice, Athymic nude (Nw/J) and
NOD-SCID (NOD.CB17-Prkdc/]) were purchased from
Jackson laboratories and mice were kept in an AALAC
(American Association for the Accreditation of Laboratory
Animal Care) certified barrier facility at the University of
Chicago. Animal work was carried out according to
approved Institutional Animal Care and Use Committee
protocols. For Myc-CAP-based experiments, mice aged
8-10 weeks were engrafted with 1 million Myc-CAP cells
re-suspended in 1x PBS, under anesthesia. For experiments
using B6-Myc, 5 mm® tumor chunks were implanted sub-
cutaneously in mice. Treatments were started when tumor
volumes reached approximately 200-400 mm?>, and mice
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were randomly allocated to treatment groups as indicated.
For in vivo treatments, lyophilized drugs were reconstituted
in appropriate solvents and were administered at the follow-
ing doses: Degarelix (0.625 mg/kg) was administered as a
single intraperitoneal (i.p.) injection. Rucaparib (Clovis
Oncology®) and buparlisib (the Stand up to Cancer Drug
Formulary at Dana Farber Cancer Institute) were adminis-
tered daily by oral gavage at 150 mg/kg and 30 mg/kg,
respectively, whereas anti-mouse PD-L.1 (clone 10F.9G2;
BioXcell®) was administered i.p. at 100 pg once every 2
days. DMXAA was injected intratumorally once at a dose of
500 pg/kg. Exosomal Inhibitor GW4869 (Sigma Aldrich®)
and STING antagonist H-151 (Invivogen®) were dosed at
500 pg/gm of body weight i.p. daily and 750 nanomoles/kg
i.p. daily, respectively. For in vivo macrophage depletion
studies, Clodronate (Standard Macrophage Depletion kit,
Encapsula Nanosciences) was injected i.p. on a weekly basis
at recommended dose of 300 ul. of clodronate-liposomal
emulsion containing 18.4 mM concentration of clodronate).
All in vivo treatments were done for 15-28 days and tumor
volume measurements were collected on a daily basis.
Tumor volume was calculated using the formula: 0.5x
longest diameterx(shortest diameter)?. Euthanasia was pet-
formed for mice bearing tumor ulceration and/or tumor
diameter >2 cm, as per IACUC-approved protocol.

[0177] Confocal Microscopy. Tumor cells were grown at
titrated seeding density in glass bottom plates and treated
with indicated drug(s) at concentrations described above.
Following 36 hours of treatment, culture media was aspi-
rated and the cells were washed twice with 1xPBS. Cells
were then fixed with 4% paraformaldehyde at 4° C., fol-
lowed by permeabilization briefly with cold 100% ethanol
for 8 mins at 4° C. Staining for DNA DSBs was done with
anti-mouse primary antibody specific for phospho-yH2AX
(1:500 dilution, Cell Signaling Technology and secondary
anti-rabbit IgG antibody conjugated to AF647 (1:1000-1:
2000 dilution in 1xPBS, Thermo Fisher Scientific®). Anti-
mouse specific p-actin conjugated to Phycoerythrin (PE,
Thermo Fisher Scientific®) was used to stain the cytoskel-
eton. All staining procedures were done at 4° C. for 30
minutes. Cells were then washed 3 times with 1xPBS and
imaged immediately. All images were collected using an
Olympus Fluoview® 1000 using a 100x oil objective.
Acquired images were analyzed by ImagelJ software, devel-
oped at NIH.

[0178] MYV Isolation/DNA extraction. Cells were treated
for 36 hours with the indicated drug(s), and supernatants
were harvested and then centrifuged at 300xg for 5 minutes
at 4° C. to pellet cells. This was followed by additional
centrifugation steps at 2,000xg for 10 min at 4° C. to
eliminate dead cell debris and at 10,000xg for 30 min in at
4° C. to remove larger vesicles. The supernatant was then
collected and subjected to 100,000xg centrifugation in a
Type 60 Ti rotor (38000 rpm) for 70 min at 4° C. The
100,000xg pellet was suspended in 1xPBS to the initial
volume of supernatant (2 mL), and washed by an additional
spin in the ultracentrifuge for 70 min at 4° C. The final MV
pellet was collected in 1xPBS and used for quantification.
Measurements of particle size distribution (PSD) and con-
centration were performed with a Nanosight® LM10 HS-BF
instrument (Nanosight [td, UK), based on NTA measure-
ments, using a 405-nm 65-mW laser and an EMCCD
Andor® Luca camera and revealed MV size range of 50-100
nm.
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[0179] Samples were diluted with particle-free PBS in a
1:100 dilution (pH=7.4) to reach the optimal concentration
for NTA. All measurements were performed under the
identical camera settings (Shutter: 850, Gain: 450, Lower
Threshold: 910, Higher Threshold: 11180, 60 s) and pro-
cessing conditions (NTA 2.3 build 0033, Detection Thresh-
old: 9 Multi, Min Track Length: Auto, Min Expected Size:
minimum of 30 nm). Measurements were performed in
multiple repeats (n=3) to collect an at least 5000 events, and
then equal numbers of MVs were used for downstream
assays. Equal numbers of MVs were collected from each
treatment group and DNA was extracted using Trizol® LS
as per protocol (Thermo Fisher Scientific®), and then quan-
tified using Nanodrop®.

[0180] Viability Assays. Single cell suspensions at a con-
centration of 0.5 million cells/0.5 mL of 1x Annexin Buffer,
were stained with Annexin V/PI (FITC Annexin V Apoptosis
Detection kit, BD Biosciences) as specified in manufacturer
protocol. Acquisition and analysis of the data sets were done
as previously described in section on Multi-parameter flow
cytometry.

[0181] Ex vivo reconstitution assay. Subcutaneous tumors
were isolated by gentle mechanical dissociation in the
presence of 10xRPMI (supplemented with 10% fetal bovine
serum, 1% penicillin-streptomycin and 2% L-glutamine).
1xACK was used for RBC lysis. Single cell suspensions
were washed twice with media, by centrifuging at 500xg for
5 minutes at 4° C. and quantified using 0.1% Trypsin
solution. For sorting of CD45+ cells, PE selection kit
(EasySep™ Mouse PE Positive Selection Kit) was used for
staining and magnetic extraction of positively labeled cells,
as per protocol from vendor. Single cell suspensions derived
from tumor were seeded at a concentration of 0.2-0.5 million
cells/mL and treated with the following drugs: DMXAA (50
ng/mL) rucaparib 500 nM; buparlisib at 1000 nM, singly or
in combination, in the presence or absence of exosome
inhibitor GW4869 (7.8 ng/mL.), for 36 hours. All drug stocks
were reconstituted in DMSO and further diluted in media
used for cell lines in vitro. DMXAA (positive control) was
used as described previously. Supernatants were collected at
the end of 36 hours and processed as per ELISA protocol for
detection of Type I Interferon, as described above.

[0182] Ex Vivo Co-culture Studies with BMDMSs. For
DNAse I studies. Myc-CAP cells were treated with PARPi
or PI3Ki{, singly or in combination for 36 hours, and super-
natants were treated with 50 units of DNase I in 1x reaction
buffer with MgCl,, and incubated at 37° C. for 30 min. For
neutralization of the DNase I reaction, 1 ul. of 50 mM EDTA
was added to the mix and then incubated at 65° C. for 10
min. Following this step, supernatants —/+ DNase 1 were
added to BMDMs for 30 hours, and IFNP1 secretion was
assessed as described above. To rule out cGAMP as the
mediator of STING pathway activation within BMDMs, 10
ng of cGAMP disodium salt (MedChem Express®) was
reconstituted in RNA/DNAse free water and pre-treated
with 10 units of DNase 1. For BMDM STING validation
studies, STING™*/STING™~ BMDMs were co-cultured for
36 hours with supernatants from Myc-CAP and B6-Myc
ancer cells that were treated with the indicated drug(s) for 36
hours. Supernatants were collected at the end of treatment
and analyzed for IFNf1 by ELISA. For MV reconstitution
studies, Myc-CAP (STING®) cells were treated with ruca-
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parib (0.5 uM) for 36 hours, followed by isolation of MV's
from supernatant (R-MVs), which were then co-cultured
with BMDMs in the presence/absence of buparlisib (1 uM)
for 36 hours. Cellular metabolites and proteins extracted fro
co-cultured BMDMs were used for cGAMP ELISA and for
assessment of activation of STING pathway by Western
blotting. Supernatants were collected at the end of 30-36
hours and used for detection of Type I IFN-related cytokines
and chemokines by cytokine array.

[0183] cGAMP assay. For the colorimetry-based detection
of ¢cGAMP production in M2 macrophages, cells were
treated with MV’ isolated from rucaparib-treated Myc-CAP
cancer cells, in the presence or absence of buparlisib.
Following 30 hours of treatment, the cells were harvested
and cell lysates processed using recommended buffers
(cGAMP detection kit, Cayman Chemical®) and then used
for incubation with anti-cGAMP antibody and detection
conjugate for 2 hours or overnight at 4° C. Next, substrate
was added and cGAMP was detected at the indicated wave-
length, as per manufacturer’s instructions.

[0184] Quantitative Reverse Transcriptase-Polymerase
Chain Reaction (QRT-PCR) for Cytokine/Transcription fac-
tor. Snap frozen tumor chunks from in vivo treatment groups
were used for isolation of RNA using Qiagen RNeasy Plus
isolation kit (Qiagen®), and then used for RT-mediated
cDNA synthesis (cDNA RT kit, Bio-Rad®), following
which PCR was performed with primers specific for 11-12b
and B-actin, using SyBr Green Universal master mix (Bio-
Rad®). Each murine sample was analyzed in triplicate on
ViiA™ 7 Real-Time PCR System (Applied Biosystems®).
Data generated were normalized to f-actin.

[0185] Intracellular Staining for Arginase 1. Single cells
isolated from murine tumor-differentiated BMDMs were
processed using BD Cytofix/Cytoperm® solution kit (Fisher
Scientific®), as per specified protocol. Anti-mouse Arginase
I (R&D Systems®) was used at recommended dilution for
staining of permeabilized cells for 40 min at room tempera-
ture. For flow cytometry, cells were washed twice with
FACS buffer by centrifuging at 500xg for 5 minutes at 4° C.
and resuspended in 300 pl. of FACS buffer.

[0186] Statistical Analysis. One-way ANOVA/Mann
Whitney/Unpaired t-test/Paired t-test as well as Kolmogrov
Smirnov tests were used for used for statistical evaluation of
experimental datasets. The specific statistical tests used for
individual experiments are specifically indicated in the
descriptions of the drawings.

Results

[0187] The Sparse Immune Infiltrates in Human mCRPC
and Murine myc-Driven PC Models are Dominated by
Myeloid Suppressive Cells, Particularly Tumor-Associated
Macrophages (TAMs).

[0188] As a first step towards deconvoluting the complex
ecosystem of the metastatic tumor immune microenviron-
ment in mCRPC, flow cytometric analysis of 4 tumors
isolated from human mCRPC lymph node biopsy samples
was performed. Notably, immune profiling revealed an
“immune desert” with a paucity of CD45+ cells within the
TME (FIG. 13A, Table 1).



US 2021/0017607 Al

19

TABLE 1

Jan. 21, 2021

Representative flow cytometric gating strategy, mean and standard deviations for specific immune
subsets in human and murine samples described in FIG. 13. Single cell suspensions from human mCRPC
biopsies, murine Myc-CAP and B6-Myc syngeneic tumors were stained with anti-human/mouse lineage-
specific antibodies and analyzed by flow cytometry. n = 4 for human and n = 3-4 for murine
samples. DC = dendritic cells; MDSC = myeloid derived suppressor cell, h = human, m = mouse.

Gating strategy

Average (%) = SD (%)

mCRPC patients

Immune cells Live+ CD45+ 13 £1.43
Non -Immune cells Live+ CD45- 87 = 1.4
Lymphoid Live+ CD45+ CD3/CD45+ CD19+ 22 +12
Myeloid Live+ CD45+ CD11b+ CD3- CD19- 78 =8
T cells Live+ CD45+ CD3+ 22 =12
B cells Live+ CD45+ CD3- CD19+ 0=0
DCs Live+ CD45+ CD11b+ CD1lc+ 64 =12
Gr-MDSC Live+ CD435+ CD11b+ HLA-DR- CD15%CD33% 11.2 £ 3.7
Mo-MDSC Live+ CD45+ CD11b+ HLA-DR- CD15°CD33" 13.6 £ 7.2
Macrophage Live+ CD45+ CD11b+ CD163+ CD88+ 468 +9.4
Activated Macrophages Live+ CD45+ CD11b+ CD163+ CD68+ HLA-DR+ 20.6 = 19.6
Un-activated Macrophages Live+ CD45+ CD11b+ CD163+ CD68+ HLA-DR- 794 £12.9
Myc-CAP (STING™)

Immune cells Live+ CD45+ 2.6 £0.9
Non -Immune cells Live+ CD45- 974 =09
Lymphoid Live+ CD45+ CD3+/CD45+ CD19+ 22 x4
Myeloid Live+ CD45+ CD11b+ CD3- CD19- 78 x4
T cells Live+ CD45+ TCRb+ 20 =8
B cells Live+ CD45+ TCRb- CD19+ 1.6 £ 0.9
DCs Live+ CD45+ CD11b+ CD1lc+ 2215
Gr-MDSC Live+ CD45+ CD11b+ MHC-II- Ly6G* Ly6C* 00
Mo-MDSC Live+ CD45+ CD11b+ MHC-TI- Ly6G™ Ly6C* 33x6.1
Macrophage Live+ CD45+ CD11b+ F480+ 432 7.2
Activation state of Macrophages Live+ CD45+ CD11b+ F480+ MHC-II+ 35«3
Un-activated Macrophages Live+ CD45+ CD11b+ F480+ MHC-II- 65 =3
B6-Mye (STING™)

Immune cells Live+ CD45+ 26 = 5.8
Non -Immune cells Live+ CD45- 74 5.8
Lymphoid Live+ CD45+ CD3+/CD45+ CD19+ 159 =2
Myeloid Live+ CD45+ CD11b+ CD3- CD19- 841 =29
T cells Live+ CD45+ TCRb+ 522
B cells Live+ CD45+ TCRb- CD19+ 102 £2
DCs Live+ CD45+ CD11b+ CD1lc+ 13.6 £3.5
Gr-MDSC Live+ CD45+ CD11b+ MHC-TI- Ly6G* 1y6C™ 2924
Mo-MDSC Live+ CD45+ CD11b+ MHC-II- Ly6G" Ly6C™ 28 1.1
Macrophage Live+ CD45+ CD11b+ F480+ 39«3
Activation state of Macrophages Live+ CD45+ CD11b+ F480+ MHC-II+ 3033
Un-activated Macrophages Live+ CD45+ CD11b+ F480+ MHC-II- 69.7 £ 3

[0189] Immune profiling is further shown in FIG. 13.
Furthermore, the small fraction of immune cells within the
TME were predominantly composed of CD11b+ myeloid
cells (approx. 80%), with F4/80+ TAMs comprising the
highest frequency of CD45+ cells. Approximately 80% of
the F4/80+ TAMs within the mCRPC samples were
HLADR™/MHC 1II", indicating that these cells are unacti-
vated/immunosuppressive M2-like macrophages. Addition-
ally, immune profiling of tumors derived from two trans-
genic c-myc-driven prostate cancer lines, Myc-CAP and
B6-Myc, generated in FVB/NJ and C57BI/6J genetic back-
grounds, respectively, was performed. A similar paucity of
CD45+ immune cells within the TME was observed, which
was approximately 10-fold lower (p<0.001) in Myc-CAP,
relative to the B6-Myc tumors. However, similar to mCRPC
samples, both Myc-CAP and B6-Myc tumors showed a
relative predominance (approximately 80% of CD45+
immune cells) of CD11b+ myeloid cells within the TME.
Within the CD11b+ myeloid population, F4/80+ TAMs
comprise the predominant immune subset, and 65-70% of

these cells were unactivated/immunosuppressive (M2)
HLADR/MHC II" macrophages, similar to what was
observed in the mCRPC patient samples. Taken together,
these data demonstrate similar immune contexture in human
mCRPC and murine c-myc-driven cancers, which is domi-
nated by myeloid suppressive cells, particularly TAMs.

Expression of STING and an Activated Myeloid Gene
Expression within Primary PC Samples Positively Correlate
with Biochemical Recurrence-Free Survival.

[0190] Next, cGAS and STING expression was assessed
in primary human PC samples within the TCGA, and
confirmed to have reduced expression relative to normal
tissue counterparts (FIGS. 14A-14B). Furthermore, tran-
scriptomic data analysis of primary PC samples within the
TCGA revealed that high risk (Gleason=8) patients with
higher biochemical recurrence (FIG. 14C) had decreased
gene expression of STING (FIG. 14D), myeloid activation
markers HLA-DR and CD86, (FIGS. 14E-14F), and T cell
chemotactic factors CCLS and CXCL10 expression (FIGS.
14G-14H), relative to low-risk (Gleason 6/7) patients. These
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data identify a positive correlation between STING expres-
sion, myeloid activation states, T cell chemotactic factor
expression, and clinical outcome.

[0191] Next, cGAS and STING protein expression in
Myc-CAP and B6-Myc cells was assessed, and low and high
cGAS/STING expression in Myc-CAP (STING® and
B6-Myc (STING™) cells, respectively (FIG. 15A), was
observed, which mimics the STING gene expression pat-
terns observed in low and high-risk PC subgroups within the
TCGA (FIG. 14). Consistent with the relative expression
data of STING pathway components in B6-Myc (STING™)
cancer cells, it was observed that deliberate STING activa-
tion with DMXAA (mouse STING agonist) activated the
cGAS/STING signaling pathway components phospho-
TANK-binding kinase 1 (p-TBK1) and phospho-interferon
regulatory factor-3 (p-IRF3) in B6-Myc (STING™) cells
(FIG. 15A), but was not observed in Myc-CAP (STING™)
cells. DMXAA treatment of bone marrow derived macro-
phages (BMDMs) also activated the c-GAS/STING signal-
ing pathway (FIG. 15B). Furthermore, ELISA analysis
revealed that DMXAA treatment of B6-Myc (STINGhi)
cancer cells and BMDMs elicited a 48.1-fold and 46.4 fold
induction in IFN-f levels, not observed in Myc-CAP (STIN-
G™) cancer cells (FIGS. 15C, 15D). Interestingly, ex vivo
treatment of single cell suspensions derived from Myc-CAP
(STING™) tumors with DMXAA demonstrated a 11.4-fold
increase in IFN-f levels within the TME, but a lack of
response specifically within the CD45-negative tumor cell
fraction (FIG. 15E). Collectively, these data demonstrate
that STING pathway can be activated in a tumor cell
extrinsic manner within Myc-CAP (STING™) tumors. On
the other hand, B6-Myc (STING) tumors can turn on the
STING pathway in both tumor cell intrinsic and extrinsic
compartments.

Concomitant PI3Ki Sensitizes B6-Myc (STING*) Murine
PC to PARPi/aPD-I.1 Combination Therapy, via
STING-Dependent, TAM-Driven Immune Mechanism.

[0192] Recent preclinical data has demonstrated that
PARP inhibitor (PARPi)-induced DNA damage can repro-
gram the tumor immune microenvironment via tumor cell
intrinsic cGAS/STING activation, thereby enhancing T cell
infiltration and efficacy of ICB in homologous recombina-
tion deficient (HRD) breast and ovarian cancer models.
Given preclinical data suggesting that PARPi can induce
DNA damage in HR-proficient cancers, it was hypothesized
that PARPi-induced DNA damage can enhance ICB efficacy,
independent of HR status, in mCRPC patients enrolled in an
investigator-initiated co-clinical trial at the University of
Chicago (NCT03572478, IRB18-0154). To test this hypoth-
esis, mCRPC patients that had progressed on at least one-
line of AR-targeted therapy in the castrate-resistant setting,
were treated with PARPi rucaparib (Clovis Oncology®) in
combination with nivolumab (Bristol Myers Squibb®) until
disease progression and/or unacceptable toxicity. A Water-
fall plot for mCRPC patients who were on the study for at
least 90 days demonstrated that only 1 of 7 evaluable
patients responded to the combination therapy (FIG. 16A).
The single responder patient harbored a BRCA2 mutation
that was predicted to respond to PARPi monotherapy, while
the remaining patients had an HRD-proficient tumor muta-
tional status. The combination of rucaparib and nivolumab
had a PSA response rate of 9% (1/11 patients) and an
objective response rate, per RECIST/PCWG3 criteria, of 0%
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(0/11 patients). Median progression-free survival for
mCRPC patients on the trial was 2.96 months (95% Con-
fidence Interval, 2.03 months-not assessable). Taken
together, these data demonstrate that the majority of patients
did not exhibit clinically meaningful responses to rucaparib/
nivolumab combination therapy. Consistent with clinical
trial data, de novo resistance of B6-Myc (STING*) synge-
neic tumors to rucaparib or rucaparib/PD-L1 antibody com-
bination was observed (FIG. 16B).

[0193] To address the mechanistic basis for why PARPi
was insufficient to sensitize B6-Myc (STING™) tumors,
B6-Myc was treated in vitro with rucaparib at 500 nm
concentration that completely inhibits PARylation, and its
impact on DNA damage was evaluated, as assessed by
quantification of p-yH2AX foci (marker of dsDNA breaks)
using confocal microscopy. Interestingly, B6-Myc cells did
not show a statistically significant increase in DNA double-
strand breaks (DSBs) following single-agent rucaparib treat-
ment (FIG. 17A). Several studies have demonstrated that
combination of PARP inhibitors (PARPi) and pan-PI3K
(PI3Ki) inhibitors induce additive DNA damage and tumor
regression in prostate and endometrial cancers (Bian X, Gao
J, Luo F, Rui C, Zheng T, Wang D, et al. PTEN deficiency
sensitizes endometrioid endometrial cancer to compound
PARP-PI3K inhibition but not PARP inhibition as mono-
therapy. Oncogene 2018; 37(3):341-51; Gonzalez-Billala-
beitia E, Seitzer N, Song S J, Song M S, Patnaik A, Liu X
S, et al. Vulnerabilities of PTEN-TP53-deficient prostate
cancers to compound PARP-PI3K inhibition. Cancer Discov
2014; 4(8):896-904). Consistent with these prior observa-
tions, a statistically significant additive increase in DNA
DSBs was observed following concomitant treatment with
rucaparib and buparlisib (pan-PI3K inhibitor), but not with
corresponding single-agent treatments in B6-Myc (STIN-
G™) cells in vitro (FIG. 17A). Using concentrations for
rucaparib and buparlisib of 500 nM and 1 uM, respectively,
that achieved complete target inhibition in vitro (FIG. 17B),
drug combination studies revealed that there was no change
in viability of B6-Myc cells (FIG. 17C). Next, the impact of
a rucaparib and buparlisib combination was tested, with or
without PD-L1 antibody, on the ability to control tumor
growth of B6-Myc (STING) syngeneic mice in vivo. At
doses that pharmacodynamically inhibit PARP and PI3K
enzymatic activity within the tumor in vivo (FIG. 18),
complete tumor regression was observed with the rucaparib/
buparlisib combination relative to either single-agent, and it
was maintained with the addition of anti-PD-L.1 antibody.
This tumor clearance and immune activation elicited by the
rucaparib/buparlisib combination was phenocopied by
DMXAA (mouse STING agonist) administration (FIGS.
19A-19G). To address the discordance between in vitro
cytotoxicity data and in vivo anti-cancer responses observed
with rucaparib/buparlisib combination, it was hypothesized
that rucaparib/buparlisib combination is working predomi-
nantly via a tumor cell extrinsic immune mechanism. To test
this possibility, the impact of the rucaparib/buparlisib com-
bination therapy was evaluated in immunodeficient athymic
nude mice implanted with B6-Myc (STING™) allograft
tumors. Strikingly, the anti-cancer mechanism of rucaparib/
buparlisib was abolished in immunodeficient athymic nude
mice (FIG. 20), thus demonstrating that this combination
drives tumor regression via a cancer cell non-autonomous
immune mechanism.
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[0194] Immune TME profiling studies revealed that ruca-
parib/buparlisib combination in syngeneic B6-Myc
(STING) demonstrated an increase in macrophage infiltra-
tion (FIG. 19B) and activation (FIG. 19C) but not dendritic
cell (DC) activation (FIG. 21) and was accompanied by an
increase in CD4 and CD8 T cell infiltration (FIGS. 19D,
19F) and activation (FIGS. 19E, 19G), respectively, relative
to corresponding single-agent controls. Furthermore, the
addition of PD-L1 antibody to rucaparib/buparlisib combi-
nation accentuated the anti-tumor immune responses, par-
ticularly, CD4 infiltration, relative to buparlisib/rucaparib
treatment (FIG. 19F). Critically, the immunologic changes
within the TME and tumor clearance elicited by PARPi/
PI3Ki treatment were significantly attenuated by systemic
macrophage depletion with clodronate (FIG. 19), suggesting
a macrophage-driven (DC-independent) anti-cancer innate
immune mechanism for this combination. Furthermore, the
anti-tumor immune response elicited by rucaparib/buparlisib
combination increased MHC Class 1 expression within
tumor cells, which was also suppressed by clodronate (FIG.
22A), likely related to suppression of IFN-I'-producing T
cell infiltration/activation following TAM depletion.

[0195] To elucidate the role of STING pathway activation
and the relative contributions of tumor cell intrinsic vs.
extrinsic STING on the observed tumor regression, B6-Myc
(STING™) tumor allografts were implanted into STING™~
C57Bl/6] mice. Strikingly, PARPi/PI3Ki-mediated B6-Myc
tumor regression was partially attenuated in STING™~
C57BL6 mice, and resulted in reduced macrophage and T
cell activation, relative to their STING** counterparts
(FIGS. 22B-22D). Taken together, these results demonstrate
that PARPi/PI3Ki can induce tumor regression in B6-Myc
(STING”™) syngeneic model via an innate immune mecha-
nism that is driven by tumor cell extrinsic host STING
within TAMs.

PARPi/PI3Ki in Combination with Androgen Deprivation
Therapy (ADT) Causes Tumor Regression In Vivo in Myc-
CAP (STING” ) Tumors, which is Driven by TAM-Medi-
ated Anti-Cancer Innate Immunity.

[0196] While PARPi/PI3Ki was sufficient to induce tumor
clearance in B6-Myc (STING™) syngeneic mice, Myc-CAP
(STING™) syngeneic mice are de novo resistant to this
combination (FIG. 23). This could be related to the growth
of these tumors in the FVB/NIJ genetic background, which is
known to have low immunogenicity. Prior studies have
demonstrated that early stages of castration, which is stan-
dard-of-care for advanced prostate cancer, induce T-effector
and T-regulatory cell infiltration within prostate tumors.
Consistent with prior data, an approximately 5-fold increase
in CD45+ infiltration in Myc-CAP (STING’) tumors was
observed following castration, predominantly driven by an
increase in the TAM subset, with a smaller contribution of
CD4+ T cell subsets, but not CD8+ T cells (FIGS. 24A-
24D). In addition, there is an increased PD-L1 expression in
CD45- fractions and CD45+ (particularly TAMs) within the
TME following castration (FIGS. 24E-24G). However, cas-
tration alone or in combination with rucaparib and/or PD-L.1
antibody was insufficient to control tumor growth in Myc-
CAP (STING™) syngeneic mice (FIG. 25A), which was
consistent with recent co-clinical trial data of rucaparib/
nivolumab in mCRPC patients (FIG. 16A).

[0197] The hypothesis that the immunostimulatory effects
of castration would lower the threshold for the PARPi/PI3Ki
combination to elicit a potent anti-tumor response in Myc-
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CAP (STING™) syngeneic mice was next tested. Strikingly,
it was observed that the combination of degarelix and
rucaparib/buparlisib resulted in complete tumor regression
in Myc-CAP (STING™) syngeneic mice that was not
observed with single agent degarelix, rucaparib, and bupar-
lisib, or their corresponding doublet therapies (FIG. 25B).
The combination of degarelix and DMXAA phenocopied the
complete tumor clearance observed with degarelix/ruca-
parib/buparlisib. Importantly, the anti-tumor response
observed with degarelix/rucaparib/buparlisib was abolished
in immunodeficient athymic nude (FIG. 26A) and NOD/
SCID mice (FIG. 26B), thus demonstrating that this regimen
induces tumor control via an immune-dependent mecha-
nism. Furthermore, degarelix/rucaparib/buparlisib triple
combination led to an increase in macrophage infiltration
(FIG. 26C) and activation (FIG. 26D), which was accom-
panied by an increase in CD4 and CD8 T cell infiltration
(FIGS. 27A, 27B) and activation (FIGS. 27C, 27D), respec-
tively, relative to corresponding singlet or doublet controls.
Furthermore, this immune activation effect of degarelix/
rucaparib/buparlisib was accentuated by PD-L.1 antibody,
specifically with respect to macrophage infiltration and CD8
infiltration/activation (FIGS. 26C, 27B, 27D). Gene expres-
sion (QRT-PCR) analysis and flow cytometric analysis of
tumor extracts revealed increased il12b expression (FIG.
28A) and decreased Arginase-1 expression (FIG. 28B),
respectively, within TAMS from degarelix/rucaparib/bupar-
lisib-treated tumors relative to corresponding singlet or
doublet controls, thus demonstrating that the triple combi-
nation enhanced M1 macrophage polarization within the
TME. Furthermore, it was observed that concomitant clo-
dronate treatment abolished the tumor regression and
immune-permissive reprogramming observed with degare-
lix/rucaparib/buparlisib treatment, with or without PD-L.1
antibody (FIGS. 25B, 26C-26D, 27A-27D), similar to what
was observed in the B6-Myc (STING) model. Taken
together, these data demonstrate that ADT/PARPi/PI3Ki
combination induces a macrophage STING-mediated,
innate immune response in Myc-CAP (STING™) syngeneic
model, resulting in tumor clearance. Because the ADT/
PARPi/PI3Ki-mediated tumor clearance was abolished in
athymic nude mice, the anti-cancer responses were mediated
at least in part by macrophage-mediated activation of T cell
immunity.

PARPi1/PI3Ki-Induced STING Pathway Activation within
TAMs is Mediated via MVs Released from Tumor Cells.

[0198] To determine whether PARPi/PI3Ki combination
elicits DNA DSBs in Myc-CAP) (STING™) context, cells
were treated in vitro with PARPi rucaparib, singly and in
combination with buparlisib, at their respective target inhibi-
tory concentrations (FIGS. 29A-29D). Interestingly, it was
observed that treatment of Myc-CAP cells with rucaparib
caused an increase in DNA DSBs, as measured by number
of p-yH2AX foci, which was not enhanced by the addition
of PI3Ki (FIG. 29A). In addition, there was no change in the
viability of Myc-CAP cells treated at complete target inhi-
bition concentrations of 500 nM and 1 uM for rucaparib and
buparlisib (FIG. 29B), respectively, singly and in combina-
tion (FIG. 29C). Given the requirement of dual PARP and
PI3K inhibition for tumor regression in vivo, these in vitro
data suggest that concomitant PI3Ki treatment activates
non-tumor cell autonomous, TAM-mediated innate immu-
nity via a DNA-damage independent mechanism in Myc-
CAP (STING™) tumors.
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[0199] To eclucidate the mechanism by which PARPY/
PI3Ki induces STING pathway activation within TAMs, the
hypothesis that rucaparib/buparlisib-induced DNA DSBs
within tumor cells cross-talks via MVs that activate cGAS/
STING pathway within TAMs in the TME was tested. First,
the quantity and cargo content of MVs isolated from
B6-Myc (STING") and Myc-CAP (STING™) cells treated
with rucaparib, singly and in combination with buparlisib,
was evaluated. It was observed that the MVs ranged from
40-100 nm in size, based on Nanoparticle Tracking Analysis
(NTA) measurements. Furthermore, the quantity of DNA
DSBs associated with MVs was directly proportional to the
intracellular DNA damage content, as assessed by Nano-
drop® and p-TH2AX foci quantification, respectively, for
both B6-Myc (STING™) and Myc-CAP (STING®) cells
treated with rucaparib and buparlisib, singly and in combi-
nation (FIGS. 17A, 29A, 29D, 29E).

[0200] Next, ex vivo assays were conducted using single-
cell suspensions of Myc-CAP (STING™) tumors treated
with exogenous rucaparib, singly and in combination with
buparlisib. Interestingly, an increase in IFNf production was
observed within the supernatants of tumor allograft single
cell suspensions following ex vivo rucaparib/buparlisib
combination treatment, not observed with either single
agent. Furthermore, the impact of these drug(s) was tested in
the presence or absence of GW4869, an inhibitor of MV
biogenesis and release. Concomitant ex vivo GW4869 treat-
ment of tumor cell suspensions abolished the IFNf produc-
tion following rucaparib/buparlisib treatment (FIG. 29F),
thus demonstrating that cGAS/STING pathway activation
within the TME occurs via MV-associated DNA DSBs
released from tumor cells.

[0201] If DNA DSB fragments are localized to the MV
surface, resulting in activation of cGAS/STING pathway
activation within TAMs, then co-culture of bone marrow
derived macrophages (BMDMs) with DNase I treated super-
natants from rucaparib/buparlisib-treated cancer cells would
be predicted to result in abrogation of Type I IFN response
relative to untreated MVs. On the other hand, if DNA DSB
fragments are enclosed within MVs, then DNase I treatment
would have no effect on induction of Type I IFN response
within BMDMs. A striking decrease was observed of IFNf
release from BMDMs that were co-cultured with rucaparib/
buparlisib-treated Myc-CAP supernatants that were treated
with DNase I, relative to the corresponding supernatants that
were not treated with DNase I (FIG. 29G), thus demonstrat-
ing that MV surface-associated (and not internalized) DNA
DSB fragments are responsible for the Type I IFN response
elicited within BMDMs.

[0202] Recent studies have demonstrated that direct trans-
fer of cGAMP through tight junctions can activate the
cGAS/STING pathway within the TME. To test the hypoth-
esis that DNA DSBs, and not cGAMP, are responsible for
cGAS/STING pathway activation within TAMs, BMDMs
were co-cultured with recombinant cGAMP that was pre-
treated with DN Ase. Importantly, DNase I pre-treatment did
not abrogate the Type I IFN production within BMDMs in
response to cGAMP (FIG. 29H), demonstrating that it is the
MV surface-associated DNA DSBs, not direct cGAMP
transfer within the TME, that is responsible for cGAS/
STING activation within TAMs.

[0203] To confirm that cGAS/STING pathway activation
within TAMs is responsible for the Type I IFN response
within the TME, supernatants from B6-Myc (STING*) and
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Myc-CAP (STING®) cancer cells treated with rucaparib and
buparlisib, singly or in combination, were co-cultured with
STING proficient and STING-deficient BMDMs (FIGS.
291-29L). The rucaparib/buparlisib-induced IFNf produc-
tion observed when conditioned supernatants from B6-Myc
(STING’) and Myc-CAP (STING™) cells were co-cultured
with STING proficient BMDMs (FIGS. 291, 29K) was
abrogated under similar conditions with STING™~ BMDMs
(FIGS. 29], 29L). To determine whether the DNA-associ-
ated MV release from tumor cells and activation of STING
within TAMs is relevant in vivo, Myc-CAP (STING®)
tumor-bearing mice were treated with the degerelix/ruca-
parib/buparlisib combination in the presence or absence of
STING antagonist H-151 or MV biogenesis and release
inhibitor GW4869. Ceritically, the anti-tumor response
elicted by degarelix/rucaparib/buparlisib combination in
Myc-CAP (STING®) tumor-bearing mice that were con-
comitantly treated with H-151 or GW4869 was abrogated
(FIG. 29M) Collectively, these ex vivo and in vivo studies
revealed that PARPi/PI3K treatment activates tumor-cell
extrinsic cGAS/STING pathway within TAMs via MV sur-
face-associated dsDNA cargo released from Myc-CAP
(STING) tumor cells.

Optimal STING Pathway Activation Within TAMs Requires
Bth MV Surface-Associated DNA DSBs and PI3Ki-Medi-
ated De-Repression of cGAS Activity.

[0204] Recent work has shown that AKT can phosphory-
late cGAS at Ser-291 and Ser-305, leading to post-transla-
tional suppression of its enzymatic activity. Furthermore, it
was observed that concomitant PI3Ki did not induce addi-
tive DNA damage with PARPi in Myc-CAP (STING®) cells,
suggesting that the addition of PI3Ki elicits a non-tumor cell
autonomous DNA-damage independent mechanism for
cGAS/STING pathway within TAMs. It was hypothesized
that the requirement for concomitant PI3Ki treatment to
activate DNA-damage induced STING pathway activation
within TAMs stems from its ability to de-repress ¢cGAS
enzymatic activity, resulting in increased production of
STING ligand 2'3'-cGAMP (cyclic guanosine monophos-
phate-adenosine monophosphate). To specifically test this
hypothesis, Myc-CAP (STING”) cells were treated with
rucaparib in vitro for 36 hours, followed by isolation of M Vs
from supernatant (R-MVs). Next, was BMDMs were co-
cultured with R-MVs in the presence or absence of bupar-
lisib (at target inhibitory concentration of 1 FIG. 30A) for 36
hours and levels of intra-cellular cGAMP were measured
within macrophages by ELISA. Interestingly, a significant
induction of cGAMP was observed only with the combina-
tion of buparlisib and MVs derived from rucaparib-treated
Myc-CAP (STING™) cells, not corresponding single-agent
controls (FIG. 30C). Critically, the combination of buparl-
isib and R-MVs resulted in downstream activation of
STING signaling pathway components (FIG. 30D) and a
significant incrase in IFN-a (FIG. 30E) and IFN-f (FIG.
30F), similar to what was achieved with direct treatment of
BMDMs with STING agonist DMXAA (FIGS. 30E-30F)
Taken together, these data demonstrate that optimal STING
activation within macrophages requires both PARPi-medi-
ated MV surface-associated DNA DSBs and PI3Ki-induced
de-repression of cGAS enzymatic activity (FIG. 30G).

[0205] To determine whether PARPi/PI3Ki-induced
cGAS/STING pathway activation within macrophages
results in their polarization from pro-tumorigenic M2 to
anti-tumorigenic M1 phenotype, BMDMs were co-cultured
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with buparlisib, singly or in combination with purified MV
derived from supernatants of Myc-CAP (STING®) tumor
cells that were treated with rucaparib (R-MVs). Flow cytom-
etry analysis revealed an increase in MHC Class 1I and
CD86 expression within macrophages, indicating enhanced
activation and antigen presenting capacity, respectively,
following treatment with both buparlisib and R-MVs, rela-
tive to single agent buparlisib or R-MVs controls. Treatment
of BMDMs with DMXAA achieved similar levels of mac-
rophage activation and antigen presentation, relative to
buparlisib/R-MVs combination (FIGS. 31A-31B). Further-
more, an increase in TNF-o. and T cell chemoattractant
chemokines CXCL10 and CCLS5 release (FIGS. 31C-31E)
and reversal of CSF-1R and PD-L1 inhibitory marker
expression (FIGS. 31F-31G) were observed within BMDMs
co-cultured with both buparlisib and R-MVs, relative to
single-agent controls, thus demonstrating M1 polarization
following R-MVs and buparlisib combination treatment.
[0206] Analogous co-culture experiments of BMDMs
with supernatants derived from rucaparib-treated Myc-CAP
(STING™) cells, in the presence or absence of buparlisib,
were also performed. Strikingly, flow cytometry analysis
revealed increased MHC Class II and iNOS expression, and
decreased Arginase I expression only with the rucaparib/
buparlisib combination, and not corresponding single-agent
controls (FIGS. 32A-32C). Furthermore, cytokine profiling
of supernatants from ex vivo experiments revealed an
increase in CXCL10 and CCLS released from BMDMs that
were treated with the supernatants derived from rucaparib/
buparlisib treated Myc-CAP (STING™) cells, not corre-
sponding single agent controls (FIGS. 32D-32E). Taken
together, these results demonstrate that PARPi-induced
DNA DSBs and PI3Ki-induced cGAS de-repression within
TAMs is required for optimal cGAS/STING activation and
re-programming of macrophages from M2 suppressive to
M1 activated, anti-tumor phenotype within the TME. A
mechanistic model summarizing the findings is depicted in
FIG. 32F.

Discussion

[0207] Androgen receptor (AR)-directed therapies have
had incremental benefit, but are generally not curative for
the treatment of metastatic PC. There has been renewed
interest in PC immunotherapy, partly based on the profound
and durable clinical responses to ICB antibodies targeting
CTLA-4 and PD-1/PD-L1 in other cancers. While de novo
androgen deprivation therapy (ADT) can induce immune
cell infiltration within non-flamed tumor microenvironment
of PC, only 10-25% of mCRPC patients respond to ICB.
Here is shown a paucity of immune cell infiltrate within the
TME in mCRPC patients, which is one mechanism of
resistance to ICB. Furthermore, it is demonstrated that the
majority of immune cells within the TME of mCRPC
patients are comprised of TAMs (see e.g., FIGS. 13A-13L).
On the basis of these findings, it was hypothesized that
activation of innate immunity within TAMs will enhance
immune-responsiveness in PC. Critically, this work demon-
strates that targeting both fundamental DNA repair and
oncogenic signaling pathways could markedly increase
responsiveness to ICB via activation of the cGAS/STING
pathway within TAMs.

[0208] While PARPi have been FDA approved in BRCA
Ys-mutated breast cancer, ovarian cancer, mCRPC, and
pancreatic cancer, it has limited efficacy in non-BRCA
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HR-deficient mCRPC as well as HR-proficient cancers.
Here it is demonstrated that PARPI, either singly and/or in
combination with PI3Ki, can induce DNA damage in HR-
proficient c-myc driven murine PC models (FIGS. 17A-17C,
FIGS. 29A-29D). This result is likely related to enhanced
dependency of c-myc-induced replicative stress on PARP-1
mediated DNA repair, with resultant downregulation of the
CDKI18/ATR axis. Consistent with clinical observations,
PARPi-induced DNA damage is insufficient to induce apop-
tosis of HR-proficient c-myc-driven cancer cells in vitro
(FIGS. 17A-17C, FIGS. 29A-29D).

[0209] The cGAS/STING pathway is physiologically acti-
vated by cytosolic double-stranded DNA (dsDNA), which
typically occurs in the context of viral infections. Cyclic
GMP-AMP synthase (cGAS) is a primary cytosolic dsDNA
sensor that generates cyclic dinucleotides (cGAMP), which
acts as a second messenger to activate STING, which in turn
induces the recruitment of TBK1 and IRF-3 to form a
complex with STING. The activation of IRF-3 and/or
NF-kB signaling pathways induce the expression of Type I
IFNs and pro-inflammatory cytokines. Recent murine stud-
ies have demonstrated that PARPi can activate tumor cell-
intrinsic ¢cGAS/STING pathway in murine HR-deficient
breast and ovarian cancers, resulting in anti-tumor responses
that can be accentuated with PD-1 blockade. This has led to
several clinical trials evaluating radiotherapy or PARP
inhibitors with ICB in different solid tumor malignancies.
However, clinical trial data and preclinical studies described
here demonstrate that PARP1 is insufficient to drive tumor
cell-extrinsic cGAS/STING pathway activation and does not
enhance ICB responsiveness in a co-clinical trial testing
PARPV/ICB combination in HR-proficient mCRPC patients
and c-myc-driven murine models of prostate cancer (FIGS.
16A-16B, 19A-19E, 25A-25B, 26C-26D, 27B, 27D). Criti-
cally, concomitant PARPi/PI3Ki activates tumor cell-extrin-
sic cGAS/STING pathway activation within M2 TAMs,
resulting in their polarization into an anti-cancer M1 phe-
notype, and T cell infiltration/activation and tumor regres-
sion in immune-refractory HR-proficient c-myc-driven
models of PC (FIG. 32F). This PARPi/PI3Ki-mediated
tumor regression in vivo is abrogated with systemic mac-
rophage depletion, demonstrating that the reprogramming of
TAMs is responsible for driving anti-cancer innate immu-
nity. Furthermore, the PARPi/PI3Ki combination fails to
induce apoptosis of B6-Myc (STING) and Myc-CAP (STIN-
G™) cancer cells in vitro, and effectively control tumor
growth in vivo in corresponding immunodeficient models.
Collectively, these findings demonstrate that PARPI/PI3Ki
combination exerts its anti-cancer activity primarily via a
non-tumor cell autonomous, innate immune, macrophage-
driven mechanism. Given this unanticipated immune-based
mechanism for PARPi/PI3Ki combination in c-myc-driven
PC, these data highlight the critical unmet need for the
development of more sophisticated ex vivo and in vivo
combinatorial drug screening platforms, which incorporate
immunological readouts beyond apoptosis induction of can-
cer cell lines in vitro.

[0210] Consistent with prior studies that have shown that
PARP1, in combination with PI3Ki, induces additive DNA
damage and suppresses tumor growth in breast and prostate
preclinical models, additive DNA damage was observed in
B6-Myc (STING) tumors with rucaparib in combination
with buparlisib. In contrast, the addition of buparlisib to
Myc-CAP) (STING®) cells did not further increase DNA
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damage, relative to rucaparib alone, thus suggesting that
concomitant PI3Ki treatment elicits anti-cancer effects via a
DNA-damage independent mechanism in Myc-CAP (STIN-
G’) tumors. A recent study has demonstrated that AKT
phosphorylates the S291 or S305 of the carboxyl-terminal
enzymatic domain of mouse or human cGAS, respectively,
and that this phosphorylation robustly suppresses cGAS
enzymatic activity, leading to decreased cytokine production
and antiviral activity following DNA virus infection. Fur-
thermore, the ex vivo studies revealed that presence of DNA
DSBs within the TME is insufficient to drive cGAS/STING
pathway activation within TAMs. The hypothesis tested is
that the PI3K/AKT pathway suppresses c-GAS enzymatic
within TAMs, thereby preventing STING pathway activa-
tion in response to PARPi-induced DNA DSBs. Consistent
with this hypothesis, it was observed tht PI3Ki de-represses
cGAS enzymatic activity, resulting in increased cGAMP
production, STING activation and Type I IFN production,
which is required for DNA DSB induced cGAS/STING
activation within TAMs.

[0211] In this study, the exciting observation was made
that PARPi-induced DNA DSBs are transported within the
TME as cargo associated with the surface of MVs, which
can secondarily activate cGAS/STING pathway in TAMs.
Furthermore, this DNA DSB-induced c¢GAS activation
within TAMs is abolished by concomitant DNase I treat-
ment, suggesting that the DNA DSB is associated on the
surface of the MVs, and not internally within the membrane
lipid bilayer. These findings are supported by a recent study
has shown that dsDNA can be associated with the surface of
exosomes. Given that exosomes/MVs can have immunosup-
pressive and pro-metastatic properties, the findings suggest
the possibility that PARPi can render MVs more immuno-
genic, similar to prior observations made with MVs pro-
duced after radiotherapy. These findings suggest utilizing
blood-based MVs biomarkers as pharmacodynamic readouts
of PARPi-induced DNA damage within the TME.

[0212] Prior studies have demonstrated that early stages of
castration induce T-effector and T-regulatory cell infiltration
within human and prostate tumors. In this study, two dif-
ferent murine models of c-myc-driven PC were interrogated:
B6-Myc (STING*) and Myc-CAP (STING®), which
express high and low levels of cGAS/STING signaling
pathway components (FIG. 15), respectively, and mimic the
heterogeneity of cGAS and STING expression observed in
human PC (FIG. 14). In the B6-Myc (STING) context, the
combination of PARPi/PI3Ki was sufficient to drive a mac-
rophage-mediated innate immune response and tumor clear-
ance, whereas Myc-CAP (STING™) bearing syngeneic mice
were de novo resistant to this combination. Strikingly, it was
observed that the addition of ADT, when combined with
PARPi/PI3Ki, resulted in an anti-cancer innate immune
response and tumor clearance, similar to that observed in
B6-Myc mice treated with the combination without castra-
tion. There are several potential explanations for these
findings. First, C57BL6 is a more immunogenic strain than
FVB mice, resulting in a lower threshold for immune-
sensitization that is dependent on host factors. Second, the
presence of higher tumor cell intrinsic STING levels in
B6-Myec, relative to Myc-CAP cells, could account for the
approximately 10-fold higher baseline CD45+ immune cell
infiltration in B6-Myc tumors in vivo, relative to Myc-CAP
tumors. Following castration, Myc-CAP (STING™) tumors
have an approximately 5-fold increase in CD45+ immune
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cell infiltration (predominantly TAMs), which provides the
necessary immunological milieu needed for optimal cGAS/
STING activation within the TME following PARP1/PI3Ki
treatment. Collectively, these data suggest that baseline
c¢GAS and STING expression can be developed as potential
biomarkers for response to PARPiI/PI3K combination
therapy in earlier stages of PC treatment, where castration is
not standard-of-care. Given the findings that high-risk
(Gleason=8) PC is enriched for tumors with low tumor cell
intrinsic STING expression, the findings in this paper war-
rant the development of immuno-oncology clinical trials
testing the combination of ADT with PARPi/PI3Ki/PD-1
blockade in de novo hormone-sensitive, locally advanced or
metastatic PC.

[0213] In summary, these studies have demonstrated that
concomitant targeting of PARP and PI3K signaling path-
ways can trigger non-tumor cell autonomous c-GAS/STING
pathway activation within TAMs, thereby enhancing T cell
recruitment/activation into the TME and tumor regression in
HR-proficient c-myc-driven murine models. Based on these
findings, PARP1/PI3Ki combination therapy could markedly
increase the fraction of PC patients responsive to ICB,
independent of HR status, and clinical trials to test this
combinatorial approach are warranted.

Example 3
Study of PTEN Deficient Cancers

Methods

[0214] Bioinformatic analysis of gene signature using
TCGA and Stand Up to Cancer databases. Determination of
PTEN loss: RNA-seq expression data was obtained from
primary prostate cancer cohort within the TCGA (n=437
prostate cancer patients, n=6153 total cancer patients).
Patients were categorized into non-T-cell inflamed vs. T-cell
inflamed groups with high DDR signature, as determined
previously (Walker S M, Knight I. A, McCavigan A M,
Logan G E, Berge V, Sherif A, et al. Molecular Subgroup of
Primary Prostate Cancer Presenting with Metastatic Biol-
ogy. Eur Urol 2017; 72(4):509-18). The RNA-seq read
counts derived from the TCGA cohort for the patients
classified into different clusters were used to estimate dif-
ferential expression of a targeted panel of genes between the
different clusters. The differential expression analysis was
done using DESeq, and a FDR adjusted p-value cut-off of
0.05 was selected along with a log fold-change cutoff of 1.5.
Statistical analysis for changes in gene expression of PTEN,
between the different clusters was done using unpaired t-test
and Fisher’s exact test. Defining MDSCs and T cell
inflammed signatures: Metastatic prostate tumors (n=43,
Stand Up to Cancer) were differentiated on the basis of
genomic loss of PTEN (at least one copy), and then clustered
based on an MDSC-high or MDSC-low gene-expression
signature, comprising of 14 genes. PTEN-deficient tumors
of all histologies from the TCGA database (n=6153 from 30
different tumor histologies), were stratified further, based on
a pre-determined T cell-inflamed or non-T cell-inflamed
gene signature.

[0215] Cancer Cell Lines and in vitro drug treatments.
Transgenic c-myc* prostate tumor derived cell line, Myc-
CAP and TRAMPCI1, ovarian cancer cell line ID8 and
murine colon adenocarcinoma line MC38 were obtained
from the American Type Culture Collection (ATCC) and
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passaged in either 1xRPMI/IxXDMEM (with phenol) or
1xDMEM (without phenol red) containing 10% fetal bovine
serum, 1% penicillin-streptomycin, 2% L-glutamine and
IxITS. ID8&*"~~-P53~'~cells were a kind gift from Dr. Ian
McNeish (Imperial College, London). For generation of
STING over expressing cell lines —Myc-CAPP*"** and
ID8F*"~'~ cells were transfected with commercial available
plasmid (DC-Mm22462-SH02, Genecoepia™), sorted and
expanded as per protocol. For generation of pten deficient
cell lines, the CRISPR/Cas9 system was used to disrupt the
expression of the PTEN gene as described previously (Ran
et al. Nat Protoc 2013). For transient knock down of
PTEN—0.3 million cells were seeded in 12 well plates and
treated with directed siRNA sequences (Genecoepia™) for
24 hours prior to drug treatments. For In vitro drug treat-
ments, the following concentrations were used: DMXAA
(Sigma Aldrich—50 pg/ml), Rucaparib (Clovis Oncol-
0gy®—500 nM), Buparlisib (the Stand up to Cancer Drug
Formulary at Dana Farber Cancer Institute—1 upM),
GSK’771 (GlaxoSmithKline®—1 pM), Copanlisib (Selleck
Chem, 500 nM), CAL101 (the Stand up to Cancer Drug
Formulary at Dana Farber Cancer Institute—500 nM),
1PI549 (Selleck Chem—500 nM). All drugs were reconsti-
tuted in DMSO and further diluted in 1xPBS for in vitro
applications.

[0216] Generation of bone marrow derived macrophages.
Bone marrow derived macrophages were differentiated as
previously described (Weischenteldt J, Porse B. Bone Mar-
row-Derived Macrophages (BMM): Isolation and Applica-
tions. CSH Protoc 2008; 2008:pdb prot5080). Briefly, bone
marrow cells were isolated from male FVB/NJ mice and
differentiated in the presence of 1xRPMI media (supple-
mented with 10% fetal bovine serum, 1% penicillin-strep-
tomycin and 2% L-glutamine) containing 30% L-condi-
tioned media or M-CSF (50 ng/ml) for 5-7 days.
Differentiated cells were stimulated directly with 50 pg/mL
of'5,6-Dimethylxanthenone-4-acetic Acid (DMXAA, mouse
STING agonist) for 36 hours. Following treatment, super-
natants were collected for Type I IFN ELISA (LEGEND
MAX™ Mouse IFNf1 ELISA, Biolegend®) and processed
as specified in protocol.

[0217] In vivo drug efficacy studies using murine tumor
models. Wild-type (WT) C57BL/6], FVB/NJ mice were
purchased from Jackson laboratories and mice were kept in
an AALAC (American Association for the Accreditation of
Laboratory Animal Care) certified barrier facility at the
University of Chicago. Animal work was carried out accord-
ing to approved IACUC (Institutional Animal Care and Use
Committee protocols). For Myc-CAP cell line based experi-
ments, mice aged 8-10 weeks were engrafted with 1 million
cells re-suspended in 1xPBS, under anesthesia. Treatments
were started when tumor volumes reached approximately
250-400 mm?, and mice were randomly allocated to treat-
ment groups as indicated. Tumor volume was calculated
using the formula: 0.5xlongest diameterx(shortest diameter)
2. Euthanasia was performed for tumor ulceration and/or
tumor diameter >2 cm, as per IACUC-approved protocol.
All in vivo treatments were done for 20-23 days and tumor
volume measurements were collected on a daily basis. For
1D8 tumors, the weights (gm) as well as the abdominal girth
(mm) measurements were recorded daily. Drug treatment
was started when the girth measurement was at 24 mm. The
mice were monitored daily for signs of distress/ill health and
sacked when diameter reached 35 mm and the weight was
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>30 gm. For in vivo treatments, lyophilized drugs were
reconstituted in appropriate solvents and were administered
at the following doses: degarelix (0.625 mg/kg) single dose
i.p. Rucaparib at 150 mg/kg, buparlisib at 30 mg/kg were
done daily. STING agonist 5,6-dimethylxanthenone-4-ace-
tic Acid (DMXAA) was injected intra-tumorally, once at a
dose of 500 pg/kg. Anti-PD-L1 antibody was given i.p. once
every 3 days, for duration of treatment.

[0218] Flow Cytometry. Murine tumors: Murine tumors
were processed into single cell suspensions via gentle
mechanical dissociation in 6 well plates containing 1 mL of
10% RPMI media supplemented with 10% fetal bovine
serum, 1% penicillin-streptomycin and 2% L-glutamine.
Cell suspensions were centrifuged at 500xg for 5 minutes at
4° C. and were passed through a 70-micron mesh, prior to
re-suspension in FACS buffer (1xPBS containing 0.5% FBS
and 0.01% sodium azide). For the stain, one million cells
resuspended in 1xFACS buffer, were incubated with titrated
concentrations of anti-mouse antibodies (Biolegend®),
namely, CD45, CD11b, CDl11c, CD19, F480,Ly6G, Ly6C,
PD-L1, VISTA, I-A%TA?, H-2K?, CD3, CD4, CDS, 4-1BB,
ICOS, and PD-1. Incubation with antibodies was done at 4°
C. for 30-40 minutes. Following staining, cells were washed
twice with 1x FACS buffer and fixed with 300 microliters of
4% paraformaldehye (Fisher Scientific®). Intracellular
stains were done following fixation and permeabilization by
staining with anti-mouse FOXP3 (Biolegend®) as per
manufacturer’s protocol. Analysis of cellular stains were
done using BD instrument LSR 4-15 Fortessa™. Data files
collected using BDFACSDIVA software were analyzed
using FlowJo® software (Tree Star).

[0219] Cytokine Array/IFNB1 ELISA. Supernatants from
untreated or drug treated cancer cell lines and bone marrow
derived macrophages were collected at 36 hours and spun
down at 2000xg for 5 min at 4° C. to remove cellular debris.
These clear supernatants were processed for detection of
Type I Interferon by ELISA (LEGEND MAX™ Mouse
IFNP1 ELISA, Biolegend®) or for determination of a panel
of cytokines/chemokines using LEGENDplex™ array
(Mouse Anti-Virus Response Panel, Biolegend®) as per
instructions in protocol provided.

[0220] Western blotting. RIPA buffer (Boston BioProd-
ucts) supplemented with protease (Roche®) and HALT
phosphatase inhibitor cocktail (Thermo Scientific®) was
used for preparation of total cell lysates. For western blot-
ting, the following antibodies were used from Cell Signaling
Technology®: Polyclonal rabbit anti-mouse-, phospho-
AKT, total AKT, c-GAS, STING, phospho-IRF3, total IRF3,
phospho-TBK1, total TBK1, PTEN, phospho NF-kB, total
NF-kB, p53, lamin B1, B-actin, alpha-tubulin, and GAPDH.
Images of scanned blots were processed using ADOBE
Photoshop.

[0221] Ex vivo Assays. Subcutaneous tumors were iso-
lated by gentle mechanical dissociation in the presence of
1xRPMI (supplemented with 10% fetal bovine serum, 1%
penicillin-streptomycin and 2% L-glutamine). 1xACK was
used for RBC lysis. Single cell suspensions were washed
twice with media, by centrifuging at 500xg for 5 min at 4°
C. and quantified using 0.1% Trypsin solution. Cells were
seeded at a concentration 0.2-0.5 million cells/ml. and
treated with indicated drugs singly or in combination for 36
hours. DMXAA (positive control) was used at indicated
concentration. Supernatants from treated BMDMs were
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collected at the end of 36 hours and processed as per ELISA
protocol for detection of cytokines/chemokines.

[0222] Microvesicle Isolation (MVs)/DNA extraction.
Cells were treated for 36 hours with the indicated drugs, and
supernatants were harvested and then centrifuged at 300xg
for 5 minutes at 4° C. to pellet cells, This was followed by
additional centrifugation steps at 2,000xg for 10 min at 4° C.
to eliminate dead cell debris and at 10,000xg for 30 min in
at 4° C. to remove larger vesicles. The supernatant was then
collected and subjected to 100,000xg centrifugation in a
Type 60 Ti rotor (38000 rpm) for 70 min at 4 ° C. The
100,000 g pellet was suspended in 1xPBS in a volume equal
to the initial volume of supernatant (2 mL.), and washed by
an additional spin in the ultracentrifuge for 70 min at 4° C.
The final EV pellet was collected in 1xPBS and used for
quantification. Measurements of particle size distribution
(PSD) and concentration were performed with a Nanosight®
LM10 HS-BF instrument (Nanosight Ltd, UK), based on a
Nanoparticle Tracking Analysis (NTA), using a 405 nm
65-mW laser and an EMCCD Andor® Luca camera.
Samples were diluted with particle-free PBS in a 1:100
dilution (pH=7.4) to reach the optimal concentration for
NTA. All measurements were performed under the identical
camera settings (Shutter: 850, Gain: 450, Lower Threshold:
910, Higher Threshold: 11180, 60 s) and processing condi-
tions (NTA 2.3 build 0033, Detection Threshold: 9 Multi,
min Track Length: Auto, min Expected Size: 30 nm),
Measurements were performed in multiple repeats (n=3) to
collect an at least 5000 events, and then equal numbers of
particles were used for downstream assays. Equal numbers
of EVs were collected from each treatment group and DNA
was extracted using Trizol® LS as per protocol (Thermo
Fischer Scientific®) and then quantified using Nanodrop®.

[0223] qRT-PCR. Cancer cell lines: STING expression in
PTEN proficient/deficient cell lines was assessed by qRT-
PCR. Cells were used for isolation of RNA using Qiagen
RNeasy® Plus isolation kit (Qiagen®). RNA isolated (100-
500 ng) was used for cDNA synthesis (cDNA RT kit,
Bio-Rad®), following which qRT-PCR was performed using
SyBr Green Universal master mix (Bio-Rad®) and inven-
toried primers specific for mSTING, mIFNf1. Each sample
was analyzed in triplicate on ViiA™ 7 Real-Time PCR
System (Applied Biosystems®). Data generated was nor-
malized to GAPDH.

[0224] cGAMP assay. For the colorimetry-based detection
of ¢cGAMP production in M2 macrophages, cells were
treated with EVs isolated from rucaparib-treated Myc-CAP
cancer cells, in the presence or absence of buparlisib at
indicated concentrations. Following 30 hours of treatment,
the cells were harvested and cell lysates processed using
recommended buffers (cGAMP detection kit, Cayman
Chemical®) and then used for incubation with anti-cGAMP
antibody and detection conjugate for 2 hours or overnight at
4° C. Next, substrate was added and cGAMP was detected
at the indicated wavelength, as per manufacturer’s instruc-
tions.

[0225] Viability Assays. Single cell suspensions/at a con-
centration of 0.5 million cells/0.5 mL of 1x Annexin Buffer
or concentrated EVs, were stained with Annexin V/PI (FITC
Annexin V Apoptosis Detection kit, BD Biosciences) as
specified in manufacturer’s protocol. Acquisition and analy-
sis of the data sets were done as previously described in
section on flow cytometry.
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[0226] Image Stream Analysis. PTEN-proficient and defi-
cient ID8 ovarian cancer cells were treated with DMXAA
(50 ug/mL) for 0, 12, 24, and 36 hours. After termination at
endpoints, cells were stained with primary antibodies—anti-
mouse p-IRF3 (Cell Signaling Technology®), p-NFkB (Cell
Signaling Technology®), followed by incubation with fluro-
chrome tagged secondary antibodies and DAPI. Images of
nuclear localization of p-IRF3 and p-NF-kB within single
cells were acquired using ImageStreamg®~ Mark II (Am-
nis®) and data obtained was analyzed using IDEAS® soft-
ware.

[0227] Statistical Analysis. One-way ANOVA/Mann
Whitney/Unpaired t-test/Chi-Square tests were used for
used for statistical evaluation of experimental datasets.

Results

[0228] Data resulting from the above assays can be seen in
FIGS. 33A-62B.

Conclusions

[0229] PTEN loss is a resistance biomarker to PARPi/
PI3Ki combination therapy in advanced prostate cancer. The
presence of dsDNA associated with exosomes can be uti-
lized as a surrogate immune biomarker of response to DNA
damage-induced STING pathway activation, and predicts
for responsiveness to PARPi/PI3Ki combination therapy.
PTEN loss is a predictive biomarker to STING agonist/
PI3Ki combination therapy in advanced prostate and ovarian
cancer therapy. PTEN loss suppresses tumor cell intrinsic
STING expression. STING agonist/PI3Ki combination
therapy works via unopposed tumor cell extrinsic STING
pathway activation within myeloid suppressive cells, and is
not dependent on tumor cell intrinsic STING pathway
activation.

Example 4

Mechanistic Studies and Therapeutic Approaches to
Modulating the STING Pathway

Summary

[0230] Overcoming limitations to therapeutic response in
PTEN loss-of-function cancers. Immune checkpoint block-
ade (ICB) antibodies have had a major impact in a wide
range of cancers. However, ICB therapeutic efficacy in
prostate cancer (PC) is limited. Lack of T cell infiltration in
melanoma has been associated with PTEN deletion, sug-
gesting primary resistance mediated by this oncogenic
event. Similarly, PTEN loss-of-function occurs in 50-75% of
advanced prostate cancers and is associated with poor prog-
nosis and treatment failure. These observations suggest a
therapeutic opportunity to improve immunotherapy efficacy
by overcoming the immunosuppressive tumor microenvi-
ronment (TME) in PTEN-mutant PC. Preclinical studies in
c-myc-driven murine models have shown that PARP inhibi-
tor (PARPi)-induced DNA damage within tumor cells, in
combination with c-GAS de-repression within tumor-asso-
ciated macrophages by PI3K inhibitors (PI3Ki), resulted in
innate immune STING activation within the TME, and
enhanced T cell infiltration and tumor regression in vivo.
Strikingly, the anti-tumor mechanism of the PARPi/PI3Ki
combination was primarily immune-mediated, as the effect
was abrogated in immunodeficient mice. Critically,
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CRISPR/CAS9-mediated knockdown of PTEN in preclini-
cal models resulted in de novo resistance of these tumors to
DNA sensing STING pathway activation, and lack of an
anti-tumor response elicited by PARP1/PI3Ki combination.
The primary objectives of the present example are to elu-
cidate the mechanism of de novo resistance of PTEN-
deficient cancers to c-DNA sensing GAS/STING pathway
within the TME, and to develop therapeutic immune-oncol-
ogy (I0) strategies that enhance the immune TME and
sensitize PTEN-deficient PCs to ICB.

[0231] Activating c-GAS/STING Signaling to Sensitize
PTEN-deficient Prostate Cancer to ICB. Studies have dem-
onstrated that isogenic PTEN loss leads to enhanced
myeloid derived suppressor cell (MDSC) infiltration in
c-Myc driven prostate cancers. Furthermore, PTEN-defi-
cient Myc-CAP mice were differentially responsive to delib-
erate STING agonist treatment in vivo, relative to their
PTEN-proficient counterparts. Tumor immune profiling
studies demonstrated increased TAM and T cell activation
following single-agent STING agonist treatment in the
PTEN-deficient tumors, relative to their PTEN-proficient
counterparts. In contrast, while concomitant ADT sensitized
PTEN-proficient Myc-CAP tumor-bearing syngeneic mice
to STING agonist treatment, this combination paradoxically
abolished tumor control in syngeneic mice bearing PTEN-
deficient Myc-CAP tumors, suggesting a detrimental impact
of androgen-directed therapies on responsiveness of PTEN-
deficient PC to STING agonist therapy. Furthermore, immu-
nological quiescence was observed, with an absence of
checkpoint upregulation within myeloid cells (TAMs,
MDSCs and dendritic cells) of PTEN-deficient tumors,
relative to PTEN-proficient tumors, following ADT treat-
ment. Critically, prior studies have demonstrated that PI3Ki
can de-repress c-GAS activity within TAMs, thereby prim-
ing these cells for innate immune activation with STING
agonist therapy. Based on this data, the hypothesis is that
PTEN deficiency drives an immunosuppressive TME via
multiple mechanisms, which can be overcome by deliberate
innate immune STING activation within TAMs.

[0232] The following studies are undertaken.

[0233] Elucidating the mechanism(s) by which PTEN-
deficient PCs are de novo resistant to DN A-sensing STING
pathway activation. Co-culture assays of PTEN-proficient
PC cells with bone-marrow derived macrophages (BMDMs)
have revealed that PARPi/PI3Ki combination therapy acti-
vates the ¢c-GAS/STING pathway within BMDMs. This
innate immune activation is mediated by double-stranded
DNA (dsDNA)-containing microvesicles (MVs) released
from PARPi-treated tumor cells coupled with c-GAS de-
repression within PI3Ki-treated BMDMs, respectively.
Critically, MVs released from PARPi-treated PTEN-defi-
cient PC cells lack dsDNA, suggesting a block to dsDNA
association to MVs. Furthermore, preliminary data demon-
strates that PTEN loss also suppresses tumor cell intrinsic
c-GAS/STING signaling. The mechanisms by which PTEN
loss suppresses tumor cell-extrinsic and -intrinsic STING
signaling are dissected. Collectively, these studies elucidate
the mechanistic basis for the deleterious effects of PTEN
loss on STING activation within the TME.

[0234] Dissecting the mechanistic basis for the differential
therapeutic efficacy of STING agonists in PTEN-proficient
vs. PTEN-deficient murine prostate cancer, with and without
ADT.
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[0235] Evaluating the differential therapeutic impact of
direct STING agonists vs. PARP inhibitors, singly and in
combination with PI3K inhibitors, on sensitization of
PTEN-deficient murine PCs to ICB. Evaluating the anti-
cancer mechanism and therapeutic efficacy of direct STING
agonists, singly and in combination with PI3K inhibitors, on
sensitization of PTEN-deficient murine PCs to ICB. Recent
immune profiling studies have revealed a significant
increase in MDSCs within the TME of PTEN-deficient vs.
PTEN-proficient PCs. Rational immune-oncology (1O)
combination strategies are used to re-invigorate STING
within myeloid suppressive cells, thereby enhancing T cell
infiltration within PTEN-deficient PCs. The central hypoth-
esis is that direct STING activation within myeloid suppres-
sive cells using a STING agonist (in combination with
PI3Ki), but not indirect DNA damage-induced STING acti-
vation with PARPi/PI3Ki, overcomes the myeloid immuno-
suppressive TME and sensitizes PTEN-deficient PCs to
ICB. The relative anti-tumor efficacy of STING agonists/
PI3Ki vs. PARPi/PI3Ki combinations in PTEN-deficient
murine models of PC, with or without ICB, is assessed.
Taken together, the pre-clinical credentialing of these novel
STING agonist-based 10 combination strategies provides
the mechanistic foundation for the next wave of clinical
trials to eradicate PTEN-deficient PC.

[0236] Elucidating the tumor cell-intrinsic and -extrinsic
mechanism(s) by which PTEN loss can drive immunosup-
pression within the TME. Analyzing changes in tumor
immune microenvironment within metastatic biopsy
samples from two investigator-initiated trials testing PD1-
based IO combination therapies in mCRPC. An 1O combi-
nation trial of rucaparib (PARPi) and nivolumab (PD-1
antibody) in mCRPC patients was conducted. Consistent
with preclinical data, inadequate anti-tumor responses were
observed. Metastatic biopsy samples from this trial are used
to perform extensive functional and immunophenotypic
analysis of the TME using buk/single-cell RNA sequencing,
multiplex THC, flow cytometry and transparent tissue
tomography (3D-staining). These unbiased immune profil-
ing approaches assess the relatively understudied myeloid
compartment and allow us to compare patient-derived data
to the preclinical data. Based on preclinical data described
above, and an International ImmunoOncology Network col-
laboration with Bristol Myers Squibb® (BMS), a triple
combination clinical trial of BMS-986301 (systemic STING
agonist)/copanlisib/nivolumab is undertaken, with extensive
correlative analyses on metastatic biopsy samples.

[0237] In summary, the project utilizes an integrative
“co-clinical” approach to mechanistically elucidate and
develop novel immune-based combination therapies to
eradicate PTEN-deficient advanced PC.

Introduction

[0238] There has been renewed interest in prostate cancer
(PC) immunotherapy, partly based on the profound and
durable clinical responses to immune checkpoint blockade
(ICB) antibodies targeting CTLA-4 and PD-1/PD-L1 in
other cancers. However, only approximately 10% of meta-
static castrate-resistant prostate cancer (mCRPC) patients
respond to ICB blockade. Emerging preclinical data sug-
gests that targeting fundamental DNA repair and oncogenic
signaling pathways could markedly increase responsiveness
to immunotherapy. Activation of innate immunity in
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myeloid cells within the tumor microenvironment (TME) is
a therapeutic approach to enhancing immune-responsive-
ness in PC.

[0239] In advanced PC, PTEN loss-of-function (LOF) is
present in >50% of patients and is associated with poor
prognosis and therapeutic outcomes. PTEN LOF leads to
hyperactivation of the PI3K pathway, enhanced prolifera-
tion, reduced apoptosis, and increased genomic instability,
the latter stemming from defects in homologous recombi-
nation (HR) repair. This causes the tumor cells to become
reliant on poly (ADP-ribose) polymerase (PARP), and
potentially to be vulnerable to PARP inhibitors (PARPi).
However, clinical data has demonstrated that PTEN LOF is
not a predictive biomarker for PARPi therapy. PTEN LOF
has also been shown to drive an immunosuppressive TME
and is associated with de novo and acquired resistance to
ICB. Understanding the mechanism of PTEN LOF-induced
immunosuppressive TME is therefore critical to developing
novel therapeutic approaches to eradicate PTEN LOF
tumors.

[0240] The cGAS/STING pathway is physiologically acti-
vated by cytosolic double-stranded DNA (dsDNA), which
typically occurs in the context of viral infections, resulting
in the generation of cytosolic cyclic dinucleotides generated
by the cGAS (Cyclic GMP-AMP synthase) enzyme, down-
stream activation of the STING (Stimulator of INterferon
Genes (STING)) pathway, and induction of Type I interferon
(IFN) production. DNA damaging therapy can lead to
STING pathway activation, and several studies are thus
evaluating radiotherapy or PARP inhibitors with ICB in
different solid tumor malignancies. However, recent clinical
trial data has shown a lack of anti-tumor responses of
PARPi/ICB combinations in mCRPC patients.

[0241] It has been demonstrated that STING activation
within the myeloid compartment is critical to generating a
robust immune infiltrate in the TME. Consistent with emerg-
ing clinical trial data, recent preclinical findings demonstrate
that cytosolic DNA double-strand breaks (DSBs) elicited by
PARPi within PTEN-proficient tumor cells, is insufficient to
activate the innate immune DNA-sensing cGAS/STING
pathway within myeloid suppressive cells of the TME.
However, concomitant PI3Ki-mediated de-repression of
cGAS enzymatic activity resulted in activation of PARPi-
induced DNA sensing STING pathway activation within
myeloid suppressive cells. This myeloid reprogramming
was accompanied by enhanced T cell infiltration and tumor
regression of PTEN-proficient, Myc-driven murine PC. The
anti-tumor response elicited by PARPi/PI3Ki was abrogated
in STING inhibitor-treated or immunodeficient mice. Criti-
cally, CRISPR/CAS9-mediated PTEN deletion in the Myc-
model abrogated STING pathway activation and T cell
infiltration within the TME, resulting in resistance to PARPi/
PI3Ki treatment with or without ICB.

[0242] Data show that this resistance to DNA sensing
STING pathway activation within PTEN-deficient PC arises
via both tumor-cell intrinsic and extrinsic mechanisms. The
mechanistic basis for this resistance can lead to alternative
therapeutic strategies, such as direct STING agonist/PI3Ki-
based combinations, that could sensitize PTEN-deficient PC
to immunotherapy.

[0243] These studies involve “co-clinical” investigation of
response/resistance mechanisms for immuno-oncology (I10)
combinations in murine PC models in parallel with mCRPC
patient biopsy samples from investigator-initiated clinical
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trials. Further, the focus is on evaluating anti-cancer mecha-
nism and efficacy of STING agonist-based 10 combination
strategies in overcoming myeloid immunosuppression
within the TME in PTEN-deficient preclinical PC models
and mCRPC patients, thus providing the mechanistic foun-
dation for the next wave of clinical trials. Lastly, the studies
focus on using state-of-the-art technologies for integrative
multidimensional analysis in mCRPC biopsy samples, and
evaluating animal models of response and resistance.

[0244] As a first step towards deconvoluting the metastatic
tumor immune microenvironment in mCRPC, flow cytom-
etry analysis of human mCRPC biopsy samples was per-
formed. This revealed a paucity of CD45+ immune cells
within the TME (FIG. 63). Furthermore, the small fraction
of immune cells within the TME was predominantly immu-
nosuppressive cells (~70-80%), with tumor-associated mac-
rophages (TAMs) comprising the highest frequency of
CD45+ cells. Immune profiling of two Myc-driven murine
prostate cancer syngeneic models, Myc-CAP and B6-myc,
generated in FVB and C57BL6 genetic backgrounds,
respectively, revealed a similar paucity of CD45+ immune
cells (especially in the Myc-CAP tumors) and a predomi-
nance of myeloid suppressive cells and TAMs within the
TME of both models.

[0245] cGAS and STING expression in primary human
PC samples was also assessed, and reduced expression was
discovered relative to normal tissue counterparts (FIG.
64A). Furthermore, unsupervised hierarchical clustering of
gene expression data, using previously published “low” and
“high” Prostate Cancer Metastatic (PCM) signatures,
revealed that poor prognosis patients had reduced STING
and activated M1-like myeloid gene expression (FIG. 64B).
These data suggest a correlation between STING expres-
sion, myeloid activation states, and clinical outcome. Nota-
bly, low and high cGAS/STING expression was also
observed in the isogenic Myc-CAP and B6-myc cells,
respectively (FIG. 3B), mimicking the STING gene expres-
sion patterns observed in low and high PCM risk groups
within the TCGA. Based on these observations, it is envi-
sioned that activation of cGAS/STING pathway within
TAMs/myeloid suppressive cells in the TME enhances
responsiveness to ICB in PTEN-deficient PC. In support of
this concept, recent studies have shown that activation of the
innate immune sensing cGAS/STING pathway results in
activation of dendritic cells, strong downstream Type I IFN
expression, recruitment of effector T cells into the TME, and
a potent anti-tumor immune response in multiple preclinical
models.

Methods and Results

[0246] It has been previously demonstrated that the com-
bination of PARP inhibitors (PARP1) and pan-PI3K (PI3Ki)
inhibitors induce additive DNA damage and tumor regres-
sion in DNA damage repair (DDR) deficient breast, prostate,
and ovarian cancers. In the B6-myc (STING*) DDR-profi-
cient model, a significant increase in DNA DSB was
observed following concomitant treatment with both ruca-
parib (PARPi) and buparlisib (PI3Ki), but not with corre-
sponding single-agent treatments. While treatment of both
B6-myc (STING*) and Myc-CAP (STING®) cell lines with
PARPi/PI3Ki resulted in DNA damage in vitro, tumor
regression in vivo was only observed in syngeneic B6-myc
(STING) tumors (FIGS. 65A and 65B), suggesting that
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activation of both tumor cell-intrinsic and extrinsic STING
signaling in response to DNA damage is critical for optimal
anti-tumor responses.

[0247] It is recognized that the aforementioned PARPi/
PI3Ki studies were performed in a non-castrate model and
that castration induces an immune infiltrate. Thus, the com-
bination of PI3Ki/PARPi and castration in the Myc-CAP
(STING™) tumor model was tested. Consistent with prior
data, increased CD45+ and macrophage infiltration was
observed following castration (FIG. 66A). However, castra-
tion alone or in combination with rucaparib or rucaparib/
PD-L1 antibody was insufficient to control tumor growth.
Strikingly, the combination of ADT plus PARPi/PI3Ki did
result in tumor regression of Myc-CAP (STING™) tumors
(FIGS. 66B-66C). Importantly, the anti-tumor response of
ADT/PARPi/PI3Ki was abolished in immunodeficient
NOD/SCID and nude mice, suggesting that this regimen
induces tumor control via an immune-dependent mecha-
nism. Furthermore, ADT/PARPi/PI3Ki triple combination
led to increased macrophage infiltration/activation and CD4/
CDS8 T cell infiltration/activation within Myc-CAP tumors
and this was enhanced by ICB. Gene expression (QRT-PCR)
analysis of tumor extracts from ADT/PARPi/PI3Ki-treated
tumors demonstrated increased Thet and 1112 expression,
and flow cytometry revealed decreased Arginase expression
within macrophages, thus demonstrating that the triple com-
bination enhanced Thl cell and M1 macrophage polariza-
tion. To test the hypothesis that macrophage activation is
responsible for the observed anti-tumor immune response,
Myc-CAP syngeneic tumor-bearing mice were treated with
concomitant clodronate, which systemically depletes mac-
rophages, in combination with ADT/PARPV/PI3Ki. Criti-
cally, it was observed that clodronate abolishes the tumor
regression observed with ADT/PARPi/PI3Ki treatment
(FIG. 66D). Taken together, these data demonstrate that
castration/PARPi/PI3Ki combination induces a macro-
phage-mediated, innate immune response, resulting in tumor
clearance.

[0248] To elucidate the anti-cancer innate immune mecha-
nism elicited by PARPiI/PI3Ki combination in Myc-CAP
(STING™) tumors, Myc-CAP cells were treated in vitro with
PARPi, singly and in combination with PI3Ki, at their
respective IC90 concentrations. Interestingly, it was
observed that PARP1 caused an increase in DNA DSBs, as
measured by number of g-H2AX foci, which was not
enhanced by the addition of PI3Ki. These data suggest that
concomitant PI3Ki treatment activates macrophage-medi-
ated innate immunity by a DNA-damage independent
mechanism in Myc-CAP (STING”) tumors. To determine
whether PARPi/PI3Ki-induced DNA damage activates the
c-GAS/STING pathway within the TME, an ex vivo recon-
stitution assay was performed using single-cell suspensions
derived from Myc-CAP (STING®) cells treated with exog-
enous PARPI, singly and in combination with PI3K. An
increase in Type 1 IFN production (read-out of STING
pathway activation) was observed within the supernatants
following ex vivo PARPi/PI3Ki combination treatment, and
not observed with either single agent (FIG. 67A). To test the
hypothesis that microvesicle (MV) transport of DNA DSBs
from tumor cells within the TME results in c-GAS/STING
activation, ex vivo assays were conducted using single-cell
suspensions of Myc-CAP tumors treated with PARPi/PI3Ki
in the presence or absence of GW4869, an inhibitor of MV
biogenesis and release. Significant down-regulation of Type
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I IFN production was observed following concomitant
PARPi/PI3Ki and GW4869 treatment in vitro (FIG. 67A),
demonstrating that c-GAS/STING pathway activation
occurs via MV-associated DNA DSBs released from tumor
cells.

[0249] To specifically test the role of DNA DSB-associ-
ated MVs released from tumor cells on c-GAS/STING
pathway activation of macrophages, co-culture of bone
marrow derived macrophages (BMDMs) with DNase
I-treated MVs was performed, and a striking decrease of
IFNBI1 release was observed relative to untreated MVs (FIG.
67B). Importantly, co-culture of Myc-CAP cells with
BMDMs treated with PARP1/PI3Ki elicited type I interferon
production within the supernatant. This effect was abrogated
when Myc-CAP cells were co-cultured with STING ™~
BMDMs (FIG. 67C). In vivo concomitant treatment with
GW4869 or H-151 (STING inhibitor) abrogated the anti-
tumor response elicited by PARPi/PI3Ki treatment in Myc-
CAP (STING™) syngeneic mice (FIG. 68). Collectively,
these studies revealed that PARPi/PI3Ki increased tumor-
cell extrinsic c-GAS/STING pathway activation within mac-
rophages via MVs carrying dsDNA cargo released from
drug-treated tumor cells.

[0250] Recent work has shown that AKT can phosphory-
late c-GAS at Ser-291, leading to post-translational suppres-
sion of its enzymatic activity. It was therefore hypothesized
that PI3Ki treatment can de-repress c-GAS enzymatic activ-
ity resulting in increased production of STING ligand 2'3'-
c¢GAMP. The impact of microvesicles or exosomes (referred
to herein interchangeably as MVs, microvesicles, or exo-
somes) collected from PARPi-treated Myc-CAP cells was
assessed. BMDMs were treated with MVs alone, PI3Ki
alone, or the combination of MVs/PI3Ki. While MV alone
or PI3Ki alone were insufficient to activate the c-GAS/
STING pathway within macrophages, the combination of
MVs/PI3Ki resulted in potent type I IFN production, similar
to what was achieved with direct STING agonists (FIGS.
69A-69B). To specifically assess why PARPi-induced DNA
DSBs associated with exosomes was necessary but not
sufficient to activate c-GAS/STING pathway within macro-
phages, and whether PI3Ki relieved c-GAS post-transla-
tional suppression, levels of intra-cellular cGAMP was
measured within macrophages by ELISA. A significant
induction of cGAMP was observed only in the presence of
both MVs and PI3Ki (FIG. 69C), resulting in increased
c-GAS/STING pathway activation with macrophages (FIG.
69D). Taken together, these results demonstrate that the
presence of PARPi-induced DNA DSB immunogen is insuf-
ficient to activate c-GAS/STING pathway within macro-
phages, and concomitant PI3Ki-induced ¢GAS de-repres-
sion within myeloid suppressive cells is required for optimal
activation and re-programming of macrophages from M2 to
M1 within the TME.

[0251] Because of the relevance of PTEN deletion in PC,
a Myc-CAP-PTEN deficient model was generated via
CRISPR/CAS9-mediated deletion of PTEN. It was observed
that these PTEN-deficient tumors have increased infiltration
of granulocytic-myeloid derived suppressor cells (Gr-MD-
SCs), and decreased infiltration of CD4, CD8, and dendritic
cells within the TME, relative to their PTEN-proficient
counterparts. Similarly, PTEN-deficient primary and meta-
static prostate cancer samples from the TCGA and SU2C
had a significant enrichment of MDSC-high tumors. The
therapeutic impact of the PARPi/PI3Ki/ADT combination
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was evaluated in a Myc-CAP-PTEN deficient model. Unlike
Myc-CAP PTEN-proficient tumors, Myc-CAP-PTEN defi-
cient tumors were resistant to this combination treatment,
with or without ICB (FIG. 37A) and did not show enhanced
tumor macrophage or CD8/CD4 T cell infiltration (FIG.
37B). Thus the mechanistic basis being pursued is that
PTEN deficient-prostate cancers are de novo resistant to
immunotherapy through dysregulation of tumor cell intrin-
sic and extrinsic DNA-sensing STING pathway activation
within the TME, and this can be overcome by STING
agonist-based 10 combinations.

Elucidating the Mechanism(s) by which PTEN-Deficient
Prostate Cancers are De Novo Resistant to DNA-Sensing
STING Pathway Activation.

[0252] Elucidating the tumor-cell extrinsic mechanisms
by which PTEN-deficient prostate cancers are de novo
resistant to DNA-damage induced STING pathway activa-
tion.

[0253] The approaches herein rely on the premise that
PTEN-deficient PCs are resistant to STING pathway acti-
vation within the TME, due to a defect in the association of
DNA DSBs with exosomes/microvesicles (MVs) released
from tumor cells. Deletion of PTEN impaired STING acti-
vation by MVs derived from PARPi/PI3Ki-treated cells.
Similar results were obtained in ex vivo studies utilizing
prostate tumors from PTEN-deficient GEMMS (data not
shown). While there was no difference in MV quantity
released from PARPi-treated PTEN-proficient vs. CRISPR/
CAS9-mediated PTEN-deficient Myc-CAP (STING™) cells
(FIG. 40A), MVs released from PTEN-deficient PC cells
had a significant decrease in associated DNA DSBs (FIG.
40B). Furthermore, transient knockdown of PTEN in Myc-
CAP cells also resulted in a loss of DNA DSB association
with MVs (without a change in quantity released) following
PARPi treatment (FIG. 41B). A model summarizing the
above studies has previously been presented in FIG. 12.

[0254] To elucidate the mechanistic basis for tumor cell-
extrinsic resistance to STING pathway activation within
PTEN-deficient PC, isogenic Myc-CAP (STING™) and
B6-myc (STING™) cells+/—~CRISPR/CAS9-mediated PTEN
deletion are utilized. MV’ are purified by ultracentrifugation
from conditioned-media of these drug-treated cell lines, as
well as wild-type/PTEN-deficient human PC cell lines. A
DNA DSB association defect within MVs released from
PARPi-treated PTEN-deficient cancer cells is first confirmed
by performing unbiased comprehensive exosome subset and
cargo analysis. Then PTEN catalytic activity is pharmaco-
logically inhibited using bpV(HOpic), a PTEN protein phos-
phatase inhibitor, and MVs purification and subset/cargo
analysis is performed to determine whether PTEN lipid vs.
protein phosphatase activity is required. Using CRISPR-
CAS9-based genome editing, endogenous mutants of PTEN
are engineered that lack either protein or lipid phosphatase
activity, to determine whether PTEN catalytic or scaffolding
function is necessary for DNA DSB association with MVs.
Given the importance of phosphoinositide signaling in
MV/exosome biogenesis and protein sorting into multive-
sicular bodies, PTEN lipid phosphatase activity can be
critical for DNA DSB association with exosomes. Confocal
microscopy experiments are used to delineate the precise
localization of DNA DSB either within or on the surface of
exosomes isolated from drug-treated tumor cells. The dif-
ferential impact of different PTEN mutants on biogenesis of
small MV (50-200 nm) vs large MVs or oncosomes (1 pm)
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is evaluated, the latter group budding directly from the
plasma membrane. To confirm that PTEN loss alters phos-
pholipid distribution and net charge on the membrane sur-
face resulting in abrogation of electrostatic interactions with
DNA DSBs, the impact of PTEN loss on phospholipid
composition is examined in isogenic murine PC cells, using
electrospray ionization-mass spectrometry. MVs and onco-
somes are purified from PTEN-proficient and PTEN-defi-
cient human mCRPC organoids, and comprehensive cargo
analysis, including determining DNA DSB content, is per-
formed.

[0255] Alternative approaches. It is conceivable that the
PARPi has a direct DNA damage-independent effect on
transcriptional reprogramming of macrophages. RNA-seq
and Type I interferon ex vivo ELISA assays are performed
in macrophages that are directly treated with PARPi and/or
PI3Ki. To determine the generalizability of the mechanisms
of DNA sensing c-GAS/STING pathway activation within
macrophages in the TME, ionizing radiation and/or platinum
chemotherapy is also used as alternative strategies to induce
DNA damage in the PTEN-proficient vs. PTEN-deficient
murine PC models. While a significant abrogation of PARPi/
PI3Ki-mediated anti-tumor responses in Myc-CAP (STIN-
G’) syngeneic mice with GW4869 was observed, it did not
completely rescue tumor growth to levels seen in the pres-
ence of concomitant STING inhibitor treatment—it is pos-
sible that there are additional exosome-independent mecha-
nism(s) by which this drug combination can activate the
c-GAS/STING pathway. To explore these mechanism(s),
deep immune profiling of the TME is performed within these
tumors following PARPiY/PI3Ki combination treatment,
using bulk/single-cell RNA-seq and flow cytometry/multi-
plex THC.

[0256] Elucidating the tumor-cell intrinsic mechanisms by
which PTEN-deficient PCs are de novo resistant to STING
pathway activation.

[0257] PARPi/PI3Ki combination inhibits B6-myc (STIN-
G, but not Myc-cap (STING™) syngeneic prostate tumors
(FIG. 65). It has also been demonstrated that human primary
PCs have reduced STING expression, which correlates with
poor prognosis in PC (FIG. 64). These studies are designed
to confirm that PTEN loss results in tumor cell-intrinsic
suppression of STING expression and downstream Type 1
IFN signaling, which in turn contributes to ICB resistance.
[0258] Using the aforementioned isogenic cell lines, it was
observed that PTEN loss decreases STING mRNA and
protein expression across multiple cancer cell lines (FIG.
49A-49B). The downstream readout of canonical c-GAS/
STING pathway activation is IRF3 translocation to the
nucleus and type I interferon production. Recent data has
demonstrated that PTEN regulates anti-viral immunity by
enhancing IRF3 translocation to the nucleus, via Ser-97
dephosphorylation on IRF3. Consistent with this observa-
tion, studies in murine PTEN-deficient cell lines show
cytosolic sequestration of p-IRF3. In addition, STING ago-
nist treatment of PTEN-deficient cancer cells resulted in an
absence of Type I interferon production. These data suggest
that PTEN LOF negatively regulates the c-GAS/STING/p-
TBK1/p-IRF3 axis at multiple vertical nodal points, result-
ing in suppression of Type I IFN production from the tumor
cell (FIG. 59).

[0259] To test the relative impact of PTEN LOF on
suppression at different nodal points along the c-GAS/
STING/p-TBK1/p-IRF3 axis, doxycycline-inducible
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STING overexpression is engineered in Myc-CAP (STIN-
G') cells, and the ability of STING agonists to rescue type
I interferon production in vitro is tested. Furthermore,
CRISPR-CAS?9 is utilized to engineer IRF3-S97A mutations
in Myc-CAP cells (STING™) and test whether IRF3-S97A,
which would be expected to translocate to the nucleus
following c-GAS/STING activation, can bypass the PTEN
loss-mediated block to STING agonist-induced Type I IFN
production. In the event that STING overexpression or
IRF3-597A mutation alone is insufficient to rescue Type |
IFN production, a compound cell line mutant can be engi-
neered that contains both the doxycycline-inducible STING
and the IRF3-S97A mutation, and the mutant can be
assessed for rescue of Type I IFN production following
doxycycline/STING agonist treatment. In addition, STING
agonist/PI3Ki combinations are tested in order to determine
the relative impact of AKT-mediated c-GAS suppression on
Type 1 IFN production from PTEN-deficient tumor cells.
Collectively, these studies shed light on relative contribu-
tions of c-GAS post-translational suppression, decreased
STING expression and IRF3 cytoplasmic sequestration on
type I IFN signaling within PTEN-deficient PC cells.

[0260] Since PTEN LOF suppresses STING gene expres-
sion, and PI3K signaling is involved in epigenetic silencing
through modifications in histones or DNA, it was hypoth-
esized that PI3Ki enhance c-GAS/STING pathway activa-
tion within the TME, in part, via restoration of tumor cell
intrinsic STING expression. Data indicates that PI3Ki can
indeed partially rescue STING expression (FIG. 49C). The
molecular mechanisms involved in PTEN LOF-induced
epigenetic silencing of STING promoter are dissected. Spe-
cifically, a screen is performed with DNA/histone methyl-
ation or acetylation inhibitors for their ability to restore
STING expression and cGAS/STING signaling in B6-myc-
PTEN deficient cells and human PTEN-deficient PC cells.
Global methylome profiling is performed on PTEN-profi-
cient and PTEN-deficient cells to look for differential meth-
ylation of the STING promoter. To explore genes/transcrip-
tion factors with a potential role in STING gene regulation,
a promoter pull down assay for STING is performed, using
nuclear extracts derived from B6-myc (STING) isogenic
cells (-/+PTEN), and a biotinylated STING promoter, fol-
lowed by mass spectrometry analysis of promoter-bound
proteins. In addition, it was recently shown that partial
rescue of Type I IFN gene expression by PI3Ki occurs
despite cytoplasmic sequestration of IRF3. As an explor-
atory step to identify new transcription factors binding to the
interferon promoter following STING agonist/PI3Ki treat-
ment, a similar promoter pull down assay is performed for
IFNp1, followed by mass spectrometry analysis of promoter
bound proteins. Taken together, this convergent experimen-
tal approach sheds light on the mechanism(s) for c-GAS/
STING/type I IFN pathway regulation in PTEN-deficient PC
cells.

[0261] Alternative approaches. Given the mutational het-
erogeneity across PC cell lines, there can be cell-type
specific differences in PTEN-loss induced downregulation
of STING expression. A more comprehensive analysis can
be performed using both human PC cell lines as well as
non-prostate cancer cell lines, to confirm the generalizability
of these observations. As noted above, PTEN LOF can
regulate alternative signaling pathways that suppress tumor
cell intrinsic type I IFN gene transcription. Isogenic B6-myc
cells (/+PTEN) can be utilized to explore the differential
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effects of PTEN LOF on the status of the canonical and
non-canonical NF-«kB signaling, given recent studies show-
ing opposing effects of canonical and non-canonical NF-kB
signaling on IRF3-mediated Type I IFN production. Occu-
pancy of p65 on the IFNB1 promoter can also be measured,
and multiplex transcription profiling can be performed using
the Signosis array promoter pull-down assay, accompanied
by mass spectrometry, to discover alternative transcription
factors that can restore Type I IFN production following
STING agonist/PI3Ki treatment in PTEN-deficient cancer
cells.

[0262] Biostatistical analysis. This evaluation involves
statistical analyses of continuous assays in cell lines.
Descriptive statistics are used to summarize data for experi-
mental conditions. T-tests or linear regression models with
treatment or mutation group as predictor are used to com-
pare outcomes across experimental conditions. Each experi-
mental condition for each cell line is replicated n=6 times.
This repetition provides 80% power and two-sided 5% Type
I error to detect standardized effect size of A=1.8 based on
a two-sample t-test. While these effect sizes are large, only
substantial differences in cell line experiments prompt mov-
ing ahead with additional experiments. In some data, dif-
ferences at least as large have been observed (e.g. FIG. 40).
Evaluating the Differential Therapeutic Impact of Direct
STING Agonists vs. PARP Inhibitors, Singly and in Com-
bination with PI3K Inhibitors, on Sensitization of PTEN-
Deficient Murine PCs to ICB.

[0263] Elucidating the relative anti-tumor efficacy for
STING agonists/PI3Ki vs. PARPi/PI3Ki combinations in P
TEN-deficient murine models of PC.

[0264] PTEN-deficient PCs have suppressed c-GAS/
STING pathway activation via multiple mechanisms, which
underlies their immunosuppressive TME. To create the
inflammatory immune infiltrate of effector CD4 and CD8
T-cells required for an anti-tumor immune response in
PTEN-deficient PC, it is necessary to reinvigorate the
c-GAS/STING pathway within TME myeloid suppressive
cells, regardless of underlying mechanism. Even with an
inflammatory TME, CD4 and/or CD8 T-cells will typically
need to be activated to realize a maximal anti-tumor
response. These studies elucidate approaches for generating
an inflammatory immune TME that could be responsive to
PD1 and/or CTLA4 checkpoint inhibitors, with a focus on
STING agonists and PI3Ki (FIG. 70). The studies are
designed based on the premise that a combination of STING
agonist (not PARPi) with PI3Ki can overcome the immu-
nosuppressive TME of PTEN deficient PC, resulting in
enhanced anti-tumor responses and ICB sensitization. The
availability of pharmacologic STING agonists provides an
opportunity to investigate this premise. STING agonist
BMS-986301 is evaluated in preclinical PC models. It is
recognized that intratumoral STING agonists have not
shown robust anti-tumor efficacy in clinical trials, largely
related to an inability to generate a systemic immune
response beyond the locally injected site. BMS-986301 is a
systemic STING agonist, thus abrogating the dependency on
an abscopal effect to elicit systemic anti-tumor activity.
[0265] Consistent with the above, it was demonstrated that
treatment with DMXAA, a mouse STING agonist, resulted
in myeloid reprogramming and Type I interferon production
within the TME of Myc-CAP-PTEN knockout and PTEN/
p53-deficient GEMM tumors, bypassing the requirement for
DNA DSB-mediated STING activation within myeloid
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cells. As expected, the TILs exhibit markers of increased
exhaustion, including decreased 4-1BB, decreased 1COS
and increased PD-1, emphasizing the need for ICB to realize
an anti-tumor effect. Furthermore, DMXAA treatment of
PTEN/p53 GEMM mice resulted in decreased MDSC infil-
tration, and reduction in inhibitory VISTA and PD-L1
checkpoint expression on MDSCs, providing an additional
mechanism through which direct STING pathway activation
can create an inflammatory TME poised for activation
through checkpoint inhibitor therapy. As discussed earlier,
PI3K inhibition also has the potential for enhancing an
inflammatory TME. Thus, changes in immune infiltrate and
anti-tumor response elicited by copanlisib, a pan-PI3K
inhibitor are evaluated in PTEN/p53-deficient GEMMs. A
striking increase is observed in CD4 T cell infiltration, with
concomitant depletion of Gr-MDSCs and Tregs (FIG. 71).

[0266] Early castration reprograms the TME via decreased
MDSCs and increased T cell infiltration. This effect is
leveraged by evaluating the therapeutic impact of single-
agent rucaparib (PARP1), copanlisib (pan-PI3Ki), and BMS-
986301 (systemic STING agonist; Bristol Myers Squibb
International Immuno-Oncology collaboration) on the
immune microenvironment of uncastrated (UC), degarelix-
treated castrate-sensitive (CS), or castrate-resistant (CR)
orthotopic Myc-CAP or B6-myc, and their corresponding
PTEN null tumors. More specifically, uncastrated mice
bearing syngeneic PTEN-proficient and PTEN-deficient
Myc-CAP (STING™)/B6-myc (STING™) prostate tumors
and PTEN/p53-deficient GEMM tumors are treated with
rucaparib or copanlisib by oral gavage, or BMS-986301 via
intramuscular injection, when the tumors reach 400 mm? in
size. For CS in vivo experiments, mice with syngeneic
tumors are castrated when the tumors reach 400 mm?, and
concomitantly treated with the indicated single agents. For
CR experiments, castrated mice are treated with the indi-
cated drugs following the development of castration-resis-
tance, when CR tumors re-grow to 400 mm>. The mice are
treated for 4 weeks or 2500 mm?>, at which point they are
euthanized. The following drug combinations are tested in
the UC, CS, and CR settings: 1) rucaparib/copanlisib; 2)
BMS-986301/copanlisib; 3) BMS-986301/rucaparib. The
indicated drugs as single agents and the combinations are
also tested in PTEN/p53-deficient GEMM mice, which are
de novo resistant to castration. The tumors in GEMMs are
monitored by MRI, and mice euthanized when the tumors
reach 2 cm in long-axis diameter. The systemic STING
agonist in combination with pan-PI3K inhibitor can over-
come myeloid immunosuppression via MDSC depletion and
enhance T cell infiltration and activation, resulting in potent
anti-tumor immune responses, which are enhanced by
degarelix in the CS disease state. Tumor sections at the time
of euthanasia are harvested for western blot analysis, IHC,
flow cytometry, and bulk-RNA-seq. Multidimensional
analysis is carried out to interrogate drug target modulation,
immune infiltrate composition, ¢-GAS/STING pathway
activation within tumor cells and immune cell subsets, and
discovery of response/resistance biomarkers. Longitudinal
tumor growth data is analyzed in collaboration. Taken
together, these studies identify rational 1O partners to com-
bine with ICB in PTEN-deficient PC.

[0267] Evaluating the combinatorial therapeutic impact of
STING agonist/PI3Ki combinations on sensitization of
PTEN-deficient syngeneic and GE W PC models to ICB.
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[0268] STING agonist/PI3Ki combinations are expected
to enhance an inflammatory TME, but are not necessarily
expected to be sufficient for an anti-tumor response. A
STING agonist/PI3Ki-induced STING pathway activation
within the TME could sensitize PTEN-deficient PC to ICB.
The anti-tumor efficacy of copanlisib (pan-PI3Ki) is evalu-
ated in combination with BMS-986301 (STING agonist) for
sensitization of PTEN-deficient syngeneic and GEMM mod-
els of PC to ICB, within the context of UC, CS and CR
disease states. The impact of sequential (A—B or B—A) vs.
concomitant administration of combinations with ICB
administration on therapeutic efficacy is also assessed. The
immune profiling, anti-tumor efficacy analysis, and end-
points for analysis are performed as described above.

[0269] Alternative approaches. The subcutaneous models
are limited with respect to providing an autochthonous TME
and the injections of cell lines subcutaneously can alter the
inflammatory milieu within the tumor. If biologically mean-
ingful differences in anti-tumor responses are not observed
within the subcutaneous context, isogenic Myc-CAP and
B6-myc experiments in orthotopic models and correspond-
ing transgenic c-myc-driven GEMMs can also be carried
out. Because recent data have shown that chronic tumor cell
intrinsic ¢c-GAS/STING can also provide a pro-tumorigenic
signal potentially promoting metastasis, restoration of tumor
cell intrinsic STING expression could enhance anti-tumor
responses following STING agonist treatment. If tumor
cell-intrinsic STING signaling enhances pro-tumorigenic
inflammation, then restoration of STING expression within
tumor cells can potentially attenuate the anti-tumor response
following systemic STING agonist treatment. On the other
hand, if tumor cell-intrinsic STING signaling enhances
anti-tumor immune responses, then restoration of STING
expression within tumor cells can potentially enhance anti-
tumor immune responses and efficacy of STING agonists. It
is also conceivable that acute vs. chronic c-GAS/STING
signaling have opposing effects on tumor immune control,
so pulsatile vs. continuous STING agonist-based combina-
tion therapies in murine PC models are also explored.

[0270] Biostatistical analysis. Therapeutic impact of mul-
tiple treatment regimens is analyzed, both individually and
in combination (either sequentially or concomitantly) in
several mouse models. Tumor size is measured over time,
and data are analyzed using generalized linear mixed models
with repeated measures. Continuous biomarkers, including
immunoprofiling, T-cell diversity, and RNA profiling that
are measured in tumors after euthanasia are compared using
linear regression models with treatment group as the pre-
dictor, followed by post hoc pairwise t-tests if global dif-
ferences are observed. Power considerations: For any pair-
wise comparison of independent mice on different
treatments at a given time point, a sample size of n=10 mice
in each group affords 80% power with 5% two-sided Type
I error rate to detect a standardized effect size of A=1.32 at
the end of treatment, an effect size that is smaller than that
observed in data to date (e.g. A=3 in FIG. 68). Power is
enhanced during longitudinal statistical modeling, due to
repeated measures of outcomes within each mouse over
time.
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Analyzing Changes in Tumor Immune Microenvironment
within Metastatic Biopsy Samples from Two Investigator-
Initiated Trials Testing PD1-Based 10 Combination Thera-
pies in mCRPC.

[0271] To complement the mechanistic and murine thera-
peutic studies outlined above, an investigator-initiated co-
clinical trial of PD-1 antibody (nivolumab) with PARPi
(rucaparib) in mCRPC patients was conducted. STING
agonist-based (not PARPi-based) 10 combinations, are
likely to sensitize PTEN-deficient mCRPC patients to ICB.
An investigator-initiated clinical trial of PD-1 antibody
(nivolumab) with STING agonist (BMS-986301) and PI3Ki
(copanlisib) is also conducted.

[0272] Analyzing metastatic TME changes in mCRPC
biopsy samples from a Phase Ib/II IIT of PD-1 antibody
(nivolumab) with PARPi (rucaparib).

[0273] A phase 1b IO combination trial of rucaparib with
nivolumab in  mCRPC  patients (IRB18-0154,
NCT03572478), which enrolled 12 patients, was conducted.
Patients received pre- and on-treatment metastatic biopsies
at 4 weeks. Consistent with newly generated preclinical
data, a lack of anti-tumor efficacy was observed with the
rucaparib/nivolumab combination, which was corroborated
by a larger trial. The study was therefore terminated.

[0274] The collected metastatic specimens from this trial
(6-7 cores/biopsy, approximately 120 samples total) are
utilized to elucidate the mechanistic basis for the lack of
anti-tumor response. Multidimensional “omics” data are
integrated to decipher changes in the tumor immune
microenvironment following treatment. Correlative studies
are approached in two groups. In Group A, bulk RNAseq
analysis is performed, as well as multiplex immunofluores-
cence (IF) on formalin-fixed paraffin embedded (FFPE) and
zinc-fixed paraffin embedded tissue specimens. In Group B,
flow cytometry and single cell RNA sequencing (sc-
RNAseq) are conducted on metastatic core biopsies and
bone marrow aspirates (obtained from bone metastases). In
addition, transparent tissue tomography (T3) or 3D imaging
on tissue cores is performed. Peripheral blood mononuclear
cells (PBMCs) and serum was collected at baseline and
regular intervals. The following studies are listed in order of
priority, recognizing that not all studies are conducted with
the limited samples obtained:

[0275] Bulk RNA-seq/Nanostring® to perform gene set
enrichment and T-cell inflamed/non-inflamed gene signature
analysis (Group A, core biopsy). RNA is isolated using an
RNeasy® kit (QIAGEN®, Venlo, Netherlands), and
sequenced by Nanostring®. The expression profile of 770
genes included in the PanCancer Immune Profiling Panel
(Nanostring Technologies®) and 30 candidate genes asso-
ciated with immune resistance described in a previous study
(Chen, L., et al., CD38-Mediated Immunosuppression as a
Mechanism of Tumor Cell Escape from PD-1/PD-L1 Block-
ade. Cancer Discov, 2018. 8(9): p. 1156-1175) are deter-
mined for each sample using the Nanostring nCounter®
analysis system. Normalization of the raw Nanostring® data
is conducted using the expression of 40 reference genes by
nSolver™ Analysis Software v1.1. The tumor inflammation
signature score is dichotomized as inflamed versus non-
inflamed tumor, as per prior definitions (Ayers, M., et al.,
IFN-gamma-related mRNA profile predicts clinical response
to PD-1 blockade. J Clin Invest, 2017. 127(8): p. 2930-
2940).
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[0276] T cell clonality analysis (Group A, core biopsy).
The T-cell infiltrate is further characterized by conducting
NGS of the complementarity determining regions (CDRs) of
the T cell receptor variable beta (TCR V) region. Increased
T cell diversity is a measure of ‘antigen-spread’, and poten-
tially enhanced anti-tumor recognition, and enhanced clini-
cal responses. Clonality of tumor-infiltrating T cells is
evaluated using TCR p-chain sequencing. Similar studies
are conducted using CD4 and CDS8 T cells that are isolated
from peripheral blood samples, to assess for differential
changes in clonal expansion between the periphery and the
TME.

[0277] Multiplex IHC/IF analysis (Group A, core biopsy).
Formalin- and zinc-fixed core biopsies are utilized for
tumor- and immune-marker based IHC, respectively. Bone
core biopsies have been decalcified. Tissue based cyclic
immunofluorescence (IF) (t-CyCIF) is performed, which
simultaneously detects multiple targets of interest in a single
tissue section and enables spatial characterization of the
TME. 5-um thick sections of formalin fixed paraffin embed-
ded tissue are deparaffinized, stained by hematoxylin for 1
min and scanned using RareCyte CyteFinder® system.
Multiplexed IF microscopy for myeloid and lymphoid mark-
ers (CD45, CD8, CD3, Cd68, PDI1, PDL1, RORgt, Thet,
GATA3, FoxP3, pl6, CD56, CD20, tryptase, CD83, CD163,
CD66b, MHC-I1, CSF1R, DC-SIGN, Nuclei), consisting of
iterative cycles of staining, scanning, and antibody-fluoro-
phore bleaching are performed. Image analysis is done using
Imagel, Matlab®, Ashlar and BaSiC to differentiate indi-
vidual cell populations in an unsupervised clustering man-
ner.

[0278] Flow cytometry analysis (Group B, bone marrow
aspirate or core #4, PBMC). For bone metastatic biopsies,
bone marrow aspirate was collected and aliquoted at —80° C.
The cell pellet is resuspended in a monolayer (approxi-
mately 1.5 mL), and a 400 uL aliquot is utilized for flow
cytometry analysis. For tissue cores (bone and non-bone),
biopsy chunks are gently dissociated in RPMI media and
then centrifuged to obtain a cell pellet. Residual RBCs are
removed by ACK treatment, following which cells are
counted and then frozen in freezing mixture for downstream
flow analysis. In addition, PBMCs have also been collected
to conduct an unbiased comparative evaluation of immune
populations within the TME and the periphery, and to yield
data as to whether treatment results in an increased infiltra-
tion of inflammatory immune cells into the tumor. More
specifically, samples are stained in replicates in 96-well
round bottom microtiter plates (Corning®, Cambridge,
Mass.) with antibodies including, but not limited to, CD3,
CD4, CD8, CD11b, CDl1c, CD14, CD16, CD19, CD33,
CD45, CD56, CD66b, CD209), various markers of immune
activation or inhibition (such as 4-1BB, PD-1, or PD-L1),
and intracellular markers such as Foxp3. The data collected
is analyzed by conventional flow cytometry software such as
FlowJo® and SPADE.

[0279] sc-RNA-seq (Group B, core biopsy). Cryopre-
served biopsies are individually dissociated (Singh, M., et
al., High-throughput targeted long-read single cell sequenc-
ing reveals the clonal and transcriptional landscape of
lymphocytes. Nat Commun, 2019. 10(1): p. 3120). CITE-
Seq is used to profile the transcriptome and 130 cell surface
antigens of ~4000 cells each. Cells are partitioned on the
Chromium controller from 10x Genomics®. Data is pro-
cessed using 10x Genomics bioinformatics processing pipe-
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line, CellRanger, coupled with state-of-the-art methods,
such as Seurat (Singh, M., et al., High-throughput targeted
long-read single cell sequencing reveals the clonal and
transcriptional landscape of lymphocytes. Nat Commun,
2019. 10(1): p. 3120). Repertoire and Gene Expression by
Sequencing (RAGE-Seq), a method combining targeted
c¢DNA capture and long-read Nanopore sequencing of
T-cell-receptor (TCR) and B-cell-receptor (BCR) mRNA
transcripts with short-read transcriptome profiling of single
cell libraries, is also applied. Tissue sections are analyzed
using two methods: 1) The CODEX multiplex IF platform
from Akoya Biosciences®. 2) The GEoMx® platform from
Nanostring®, which allows spatial mapping of hundreds of
mRNA and/or proteins.

[0280] Multiplex T3 analysis (Group B, core biopsy).
Published methods are utilized (Lee, S. S., V. P. Bindokas,
and S. J. Kron, Multiplex three-dimensional optical mapping
of tumor immune microenvironment. Sci Rep, 2017. 7(1): p.
17031). The biopsy was immediately fixed with 2%
paraformaldehyde and for bone samples, decalcification was
performed. The biopsy sample is placed in pre-casted 2%
agarose mold and incubated with 1 mL antibody cocktails
for 18 h at 4° C. The immunostained biopsy is mounted
between coverslips in 100 w/v % D-fructose solutions,
scanned at 10x objective of Leica® TCS SP8 confocal laser
scanning microscope, and 3D reconstruction of images done
using Fiji®, Huygens® Pro and Imaris® software. The 3D
distribution of cancer and immune cells is analyzed with
respect to CD31+ vascular cells using 3D-skeleton and
3D-Euclidean distance map. Tumor cells are delineated
using PSA, and immune cells are stained for CD4, CD8 and
CD33.

[0281] Analyzing metastatic tumor immune microenvi-
ronment changes in mCRPC biopsy samples from Phase
Ib/IT IIT of PD-1 antibody (nivolumab) with STING agonist
(BMS-986301) and PI3Ki (copanlisib).

[0282] Given the failure of the PARPi/PD-1 combination,
these studies aim to develop a next-generation clinical trial
of STING agonist/PI3Ki combination and reverse myeloid
immunosuppresion within the TME, sensitizing both PTEN-
proficient and PTEN-deficient mCRPC to ICB. A Phase
IB/II investigator-initiated triple combination clinical trial is
conducted of BMS-986301/copanlisib/nivolumab in
mCRPC patients (FIG. 72). The results of this trial are
directly compared with the data obtained from the Phase I
trial of BMS-986301/ipilimumab/nivolumab in advanced
cancers, which is enrolling patients (IRB18-1829,
NCT03956680). Patients with mCRPC undergo a 4-week
lead-in period with the triple combination to confirm safety/
feasibility. Additional patients are then randomized to
receive BMS-986301/copanlisib or nivolumab alone during
the 4-week lead-in period. All patients receive the triple
combination therapy following the 4-week lead-in phase,
until disease progression. Metastatic lesions are biopsied
pre-treatment, following the 4-week lead-in period, as well
as an optional biopsy at the time of disease progression.
Metastatic biopsies are collected and analyzed, as described
herein, and patients are stratified retrospectively by PTEN
status.

[0283] Alternative approaches. If the cyclic immunofluo-
resence technology does not yield satisfactory results, stan-
dard THC for CD4, CDS8, FoxP3, 4-1BB, PDI1, and other
immune markers can be conducted. Multiple cores and
correlative studies are conducted and it is recognized that the
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patient-derived material is limited. The studies are priori-
tized to assure that the primary phase 2 endpoint of deter-
mining whether IO ftriple combination enhances T cell
infiltration relative to doublet or ICB alone can be addressed.
[0284] Biostatistical analysis. These studies involve cor-
relative studies using mCRPC biopsies from a completed
Phase 1b/Phase 2 clinical trial which was stopped early with
n=12 due to lack of efficacy. Tumors are categorized as
inflamed or non-inflamed based on tumor inflammation
score (Ayers, M., et al., I[FN-gamma-related mRNA profile
predicts clinical response to PD-1 blockade. ] Clin Invest,
2017.127(8): p. 2930-2940), and differences in gene expres-
sion are evaluated using RNA-Seq data. Biomarkers evalu-
ated through multiple IF, flow cytometry/CYTOF data and
multiplex T3 data is compared between inflamed and non-
inflamed tumors using two sample t-tests or Wilcoxon
ranksum test. A Phase IB/II investigator-initiated clinical
trial is conducted in mCRPC patients, in which patients are
randomized to three treatment arms: Nivolumab (Arm A),
BMS-986301/Copanlisib (Arm B), or Nivolumab/BMS-
986301/Copanlisib (Arm C), and Arm A and B patients
cross-over to Arm C following 4 weeks of treatment. The
primary endpoint is to assess changes in T-cell inflammation
in Arm B vs. Arm A, and Arm C vs. Arm A. With n=20
subjects per arm, there is 80% power with two-sided Bon-
ferroni-corrected a=0.025 (overall Type I error rate a=0.05)
to detect a difference between 10% vs. 60% of subjects with
inflamed tumors in Arms B vs. Arm A and Arm C vs. Arm
A, based on Fisher’s exact test. Correlative studies are
analyzed, as described herein.

[0285] Having described the invention in detail and by
reference to specific aspects and/or embodiments thereof, it
will be apparent that modifications and variations are pos-
sible without departing from the scope of the invention
defined in the appended claims. More specifically, although
some aspects of the present invention may be identified
herein as particularly advantageous, it is contemplated that
the present invention is not limited to these particular
aspects of the invention. All references cited herein are
incorporated by reference for all purposes.

What is claimed is:

1. A method of treating cancer in a subject, comprising:

a) determining a PTEN status of a tumor of the subject;

and

b) administering a PARP inhibitor and a PI3Kinase inhibi-

tor to the subject if the status of the tumor is determined
to be PTEN-proficient.

2. The method of claim 1, wherein the cancer is prostate
cancet.

3. The method of claim 2 further comprising ¢) admin-
istering androgen deprivation therapy to the subject.

4. The method of claim 1, wherein determining the PTEN
status comprises taking a tissue biopsy from the tumor of the
subject.

5. The method of claim 1, wherein determining the PTEN
status comprises next generation sequencing and/or immu-
nohistochemistry.

6. The method of claim 1 further comprising ¢) admin-
istering an immune checkpoint blockade-targeting therapy
to the subject.

7. A method of treating cancer in a subject, comprising:

a) determining a PTEN status of a tumor of the subject;

and
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b) administering a STING agonist to the subject if the
status of the tumor is determined to be PTEN-deficient.

8. The method of claim 7, wherein the tumor is PTEN-
deficient if one or more cells within the tumor is determined
to be PTEN-deficient

9. The method of claim 7, wherein the cancer is prostate
cancet.

10. The method of claim 9 further comprising step c)
administering androgen deprivation therapy to the subject.

11. The method of claim 9, wherein the subject is non-
responsive to androgen deprivation therapy.

12. The method of claim 7, wherein the cancer is ovarian
cancet.

13. The method of claim 7, wherein the ovarian cancer is
endometrial cancer.

14. The method of claim 12 further comprising step c)
administering chemotherapy to the subject.

15. The method of claim 7, wherein determining the
PTEN status comprises taking a tissue biopsy from the
tumor of the subject.
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16. The method of claim 7, wherein determining the
PTEN status comprises next generation sequencing and/or
immunohistochemistry.

17. The method of claim 7, wherein the STING agonist is
BMS-986301.

18. The method of claim 7 further comprising step c)
administering a PI3Kinase inhibitor to the subject.

19. A method of treating cancer in a subject, comprising:

a) detecting the presence of DNA double-strand break

fragments associated with an exosome or a microve-
sicle in a tumor microenvironment; and

b) administering an immune checkpoint blockade-target-

ing therapy and a PI3Kinase inhibitor to the subject if
DNA double-strand break fragments associated with an
exosome or a microvesicle in the tumor microenviron-
ment are detected.

20. The method of claim 19, wherein detecting the pres-
ence of DNA double-strand break fragments comprises
taking a blood sample from the subject.

#* #* #* #* #*



