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DESCRIPTION

METHODS AND COMPOSITIONS COMPRISING TUMOR SUPPRESSOR
GENE THERAPY AND IMMUNE CHECKPOINT BLOCKADE FOR THE
TREATMENT OF CANCER

[0001] The present application claims the priority benefit of United States Provisional
Applications Serial No. 62/252,453, filed November 7, 2015, Serial No. 62/276,615, filed
January 8, 2016, Serial No. 62/333,817, filed May 9, 2016, Serial No. 62/345,094, filed June
3, 2016, and Serial No. 62/408.879, filed October 17, 2016, the entire contents of each

application being hereby incorporated by reference.

INCORPORATION OF SEQUENCE LISTING

[0002] The sequence listing that 1s contained 1n the file named
“SOBLPO143WO_ST25.txt”, which 1s 3 KB (as measured in Microsoft Windows) and was
created on November 7, 2016, 1s filed herewith by electronic submission and 1s incorporated

by reterence herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0003] The present invention relates generally to the fields of biology and medicine.
More particularly, 1t concerns methods and compositions that combine the potency of immune

checkpoint inhibitors and the expression of tumor suppressor genes.

2. Description of Related Art

[0004] Malignant cells are frequently resistant to DNA damaging agents such as
chemotherapy and 1rradiation-induced programmed cell death or apoptosis. Such resistance 1s
generally the result of the abnormal expression of certain oncogenes or the loss of expression
of tumor suppressor genes 1n the control of apoptosis. Strategies designed to replace defective
tumor suppressor genes, as well as to force expression of apoptosis-inducing genes offer

promise for restoring this mode of cell death 1n tumor cells.

[0005] Perhaps one of the most studied tumor suppressor genes 1s p33 which plays

critical roles 1n several processes including cell-cycle regulation and control of apoptosis

(Hartwell et al., 1994). p53 mutations are frequent in tumor cells and have been associated with

1
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cancer progression and the development of resistance to both chemotherapy and radiation
therapy (Spitz et al, 1996). Preclinical studies both in vitro and in vivo have shown that
restoration of wild-type (wt) pS3 function can induce apoptosis 1in cancer cells. Intratumoral
injection 1n animal models of retroviral or adenoviral wt-p33 constructs results 1n tumor
regression for a variety ot different tumor histologies, including non-small-cell lung cancer
(NSCLC), leukemua, glioblastoma, and breast, liver, ovarian, colon and kidney cancers
(Fupiwara et al., 1994). Promising prechinical and clinical data led to the mitiation of an
international randomized phase II/11I trial of pS3 gene-therapy trial for first-line treatment of
patients with ovarian cancer (Buller ez al., 2002). However, the study was closed after the first

interim analysis because an adequate therapeutic benefit was not shown (Zeimet and Marth,

2003).

[0006] Thus, despite significant progress with tumor suppressor gene therapy, several
hurdles still limit success 1n the clinic, including non-specific expression, low-efficiency
delivery and biosatety. In addition, there are multiple genetic changes 1n cancer and epigenetic
dysregulations leading to aberrant silencing of genes; thus, single gene therapy might not be a
suitable strategy for the treatment of cancer. Thus, methods targeting multiple tumor
suppressors 1n combination with other anti-cancer agents are needed for enhanced anti-tumor

activity and efficient delivery of the gene therapy.
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SUMMARY OF THE INVENTION

[0007] In one embodiment, the present invention provides methods and compositions
of treating cancer 1n a subject comprising (a)administering to the subject an effective amount
of a nucleic acid encoding p53 and/or a nucleic acid encoding MDA-7; and (b) administering
at least one immune checkpoint inhibitor. In certain aspects, more than one checkpoint inhibitor

1s admunistered. In particular aspects, the subject 1s a human.

[0008] In certain aspects, the at least one checkpoint inhibitor 1s selected from an

inhibitor of CTLA-4, PD-1, PD-L1, PD-L2, LAG-3, BTLA, B7H3, B7H4, TIM3, KIR, or

A2aR. In some aspects, the at least one immune checkpoint inhibitor 1s an anti-CTLA-4
antibody. In some aspects, the antu-CTLA-4 antibody 1s tremelimumab or 1pilimumab. In
certain aspects, the at least one 1mmune checkpoint inhibitor 1s an anti-killer-cell
immunoglobulin-like receptor (KIR) antibody. In some embodiments, the anti-KIR antibody
1s lirtlumab. In some aspects, the inhibitor of PD-L1 1s durvalumab, atezolizumab, or avelumab.
In some aspects, the inhibitor of PD-L2 1s rHIgM12B7/. In some aspects, the LAG3 inhibitor 1s
IMP321, or BMS-986016. In some aspects, the inhibitor of A2aR 1s PBF-509.

[0009] In some aspects, the at least one immune checkpoint inhibitor 1s a human
programmed cell death 1 (PD-1) axis binding antagonist. In certain aspects, the PD-1 axis
binding antagonist 1s selected from the group consisting of a PD-1 binding antagonist, a PDLI1
binding antagonist and a PDL2 binding antagonist. In some aspects, the PD-1 axis binding
antagonist 1s a PD-1 binding antagonist. In certain aspects, the PD-1 binding antagonist inhibits
the binding of PD-1 to PDL1 and/or PDL2. In particular, the PD-1 binding antagonist 1s a
monoclonal antibody or antigen binding fragment thereof. In some embodiments, the PD-1
binding antagonist 1s nivolumab, pembrolizumab, pidilizumab, AMP-514, REGN2810, CT-
011, BMS 936559, MPDL3280A or AMP-224.

[0010] In certain aspects, the method turther comprises providing an extracellular
matrix-degrading protein. In some aspects, providing comprises administering an expression
cassette encoding the extracellular matrnix-degrading protein. In some embodiments, the
extracellular matrnix-degrading protein 1s relaxin, hyaluromidase or decorin. In particular
aspects, the extracellular matrix-degrading protein 1s relaxin. In some aspects, the expression
cassette 1s 1n a viral vector. In certain aspects, the viral vector 1s an adenoviral vector, a

retroviral vector, a vaccinia viral vector, an adeno-associated viral vector, a herpes viral vector,
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a vesicular stomatitis viral vector, or a polyoma viral vector. In particular aspects, the

extracellular matrix-degrading protein 1s provided before step (a).

[0011] In some aspects, the expression cassette encoding the extracellular matrix-
degrading protein 1s administered intratumorally, intraarterially, intravenously, intravascularly,
intrapleuraly, intraperitoneally, intratracheally, intrathecally, intramuscularly, endoscopically,
intralesionally, percutaneously, subcutaneously, regionally, stereotactically, or by direct
injection or perfusion. In certain aspects, the subject 1s administered the nucleic acid encoding
pS3 and/or the nucleic acid encoding MDA-7 after the at least one immune checkpoint
inhibitor. In certain aspects, the subject 1s administered the nucleic acid encoding p33 and/or
the nucleic acid encoding MDA-7 before the at least one immune checkpoint inhibitor. In
certain aspects, the subject 1s admimistered the nucleic acid encoding p353 and/or the nucleic
acid encoding MDA-7 simultaneously with the at least one immune checkpoint inhibitor. In
particular aspects, the adenoviral vector 1s administered to the subject intratumorally. In some
aspects, the nucleic acid encoding pS3 and/or a nucleic acid encoding MDA-7 and at least one

immune checkpoint inhibitor induce abscopal etfects on untreated distant tumors.

[0012] In certain aspects, the cancer 1s melanoma, non-small cell lung, small-cell lung,
lung, hepatocarcinoma, retinoblastoma, astrocytoma, ghoblastoma, leukemia, neuroblastoma,
head, neck, breast, pancreatic, prostate, renal, bone, testicular, ovarian, mesothelioma, cervical,
gastrointestinal, urogenital, respiratory tract, hematopoietic, musculoskeletal, neuroendocrine,
carcinoma, sarcoma, central nervous system, peripheral nervous system, lymphoma, brain,

colon or bladder cancer. In some aspects, the cancer 1s metastatic.

[0013] In some aspects, the nucleic acid encoding p53 and/or the nucleic acid encoding
MDA-7 1s 1n an expression cassette. In certain aspects, expression cassette 1s 1n a viral vector.
In some embodiments, the viral vector 1s an adenoviral vector, a retroviral vector, a vaccinia
viral vector, an adeno-associated viral vector, a herpes viral vector, a vesicular stomatitis viral

vector, or a polyoma viral vector. In particular aspects, the viral vector 1s an adenoviral vector.

[0014] In certain aspects, the viral vector is administered at between about 10° and
about 10%° viral particles. In some aspects, the adenoviral vector is administered to the subject
intravenously, intraarterially, intravascularly, intrapleuraly, intraperitoneally, intratracheally,

intratumorally, intrathecally, intramuscularly, endoscopically, intralesionally, percutaneously,



10

15

20

25

30

CA 03004530 2018-05-07

WO 2017/079746 PCT/US2016/060833

subcutaneously, regionally, stereotactically, or by direct injection or perfusion. In certain

aspects, the subject 1s administered the adenoviral vector more than once.

[0015] In some aspects, the subject 1s administered the nucleic acid encoding pS3. In
other aspects, the subject 1s administered the nucleic acid encoding MDA-7. In certain aspects,
the subject 1s administered the nucleic acid encoding pS3 and the nucleic acid encoding MDA-
7. In some aspects, pS3 and MDA-7 are under the control of a single promoter. In some

embodiments, the promoter 1s a cytomegalovirus (CMV), SV40, or PGK.

[0016] In some aspects, the nucleic acid 1s administered to the subject 1n a lipoplex. In
certain aspects, the lipoplex comprises DOTAP and at least one cholesterol, cholesterol

derivative, or cholesterol mixture.

[0017] In certain aspects, administering comprises a local or regional injection. In other
aspects, administering 1s via continuous infusion, intratumoral 1njection, or intravenous

1njection.

[0018] In some aspects, the method further comprises administering at least one
additional anticancer treatment. In certain aspects, the at least one additional anticancer
treatment 1s surgical therapy, chemotherapy (e.g., administration of a protein kinase inhibitor
or a EGFR-targeted therapy), embolization therapy, chemoembolization therapy, radiation
therapy, cryotherapy, hyperthermia treatment, phototherapy, radioablation therapy, hormonal
therapy, immunotherapy, small molecule therapy, receptor kinase inhibitor therapy, anti-
angilogenic therapy, cytokine therapy or a biological therapies such as monoclonal antibodies,

siRNA, miRNA, antisense oligonucleotides, ribozymes or gene therapy.

[0019] In some aspects, the immunotherapy comprises a cytokine. In particular
aspects, the cytokine 1s granulocyte macrophage colony-stimulating factor (GM-CSF), an
interleukin such as IL-2, and/or an interferon such as IFN-alpha. Additional approaches to
boost tumor-targeted immune responses include additional immune checkpoint inhibition. In
some aspects, the immune checkpoint inhibition includes anti-CTLA4, anti—PD-1, anti—PD-
L1, anti-PD-L2, ant1-TIM-3, ani—LAG-3, anti-A2aR, or ant1i-KIR antibodies. In some aspects,
the immunotherapy comprises co-stimulatory receptor agonists such as anti-OX40 antibody,
ant1-GITR antibody, anti-CD13"7 antibody, anti-CD40 antibody, and anti-CD27 antibody. In
certain aspects, the immunotherapy comprises suppression of T regulatory cells (Tregs),

myeloid dertved suppressor cells (MDSCs) and cancer associated fibroblasts (CAFs). In further

S
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aspects, the immunotherapy comprises stimulation of innate immune cells, such as natural
killer (NK) cells, macrophages, and dendritic cells. Additional immune stimulatory treatments
may 1nclude IDO 1nhibitors, TGF-beta inhibitors, IL-10 inhibitors, stimulator of interferon
genes (STING) agonists, toll like receptor (TLR) agonists (e.g., TLR7, TLRS, or TLR9), tumor
vaccines (e.g., whole tumor cell vaccines, peptides, and recombinant tumor associated antigen
vaccines), and adoptive cellular therapies(ACT) (e.g., T cells, natural killer cells, TILs, and
LAK cells). In certain aspects, combinations of these agents may be used such as combining
immune checkpoint inhibitors, checkpoint inhibition plus agonism of T-cell costimulatory
receptors, and checkpoint inhibition plus TIL ACT. In certain aspects, additional anti-cancer

treatment 1ncludes a combination of anti-PD-LL1 1mmune checkpoint inhibitor (e.g.,

Avelumab), a 4-1BB (CD-137) agonist (e.g. Utomilumab), and an OX40 (TNFRS4) agonist.

[0020] In some aspects, the chemotherapy comprises a DNA damaging agent. In some
embodiments, the DNA damaging agent 1s gamma- wrradiation, X-rays, UV-irradiation,
microwaves, electronic emissions, adriamycin, 5- fluorouracil (SFU), capecitabine, etoposide
(VP-16). camptothecin. actinomycin-D, mitomycin C, cisplatin (CDDP), or hydrogen
peroxide. In particular aspects, the DNA damaging agent 1s SFU or capecitabine. In some
aspects, the chemotherapy comprises a cisplatin (CDDP), carboplatin, procarbazine,
mechlorethamine, cyclophosphamide, camptothecin, i1fosfamide, melphalan, chlorambucil,
bisulfan, nitrosurea, dactinomycin, daunorubicin, doxombicin, bleomycin, plicomycin,
mitomycin, etoposide (VP16), tamoxifen, taxotere, taxol, transplatinum, 5-fluorouracil,
vincristin, vinblastin, methotrexate, an HDAC 1nhibitor or any analog or derivative variant

thereof.

[0021] In some aspects, the at least one additional anticancer treatment 1s an oncolytic
virus. In certain aspects, the oncolytic virus 1s an adenovirus, adeno-associated virus, retrovirus,
lentivirus, herpes virus, pox virus, vaccinia virus, vesicular stomatitis virus, polio virus,
Newcastle’s Disease virus, Epstein-Barr virus, influenza virus, or reovirus. In particular
aspects, the oncolytic virus 1s herpes simplex virus. In some aspects, the oncolytic virus 1s
engineered to express a transgene, such as a cytokine. In some embodiments, the cytokine 1s
granulocyte-macrophage colony-stimulating factor (GM-CSF). In some embodiments, the
oncolytic virus 1s further defined as talimogene laherparepvec (T-VEC) (e.g., IMLYGIC™),
In some embodiments, the oncolytic virus 1s administered betore, simultaneously, or after the

p53 and/or MDA-7 nucleic acids and immune checkpoint inhibitor.
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[0022] In some aspects, the at least one additional cancer treatment 1s a protein kinase
inhibitor or a monoclonal antibody that inhibits receptors involved 1n protein kinase or growth
factor signaling pathways. For example, the protein kinase or receptor inhibitor can be an
EGFR, VEGFR, AKT, Erbl, Erb2, ErbB, Syk, Bcr-Abl, JAK, Src, GSK-3, PI3K, Ras, Rat,
MAPK, MAPKK, mTOR, c-Kit, eph receptor or BRAF 1nhibitor. In particular aspects, the
protein kinase inhibitor 1s a PI3K 1nhibitor. In some embodiments, the PI3K inhibitor 1s a PI3K
delta inhibitor. For example, the protein kinase or receptor inhibitor can be Afatinib, Axitimb,
Bevacizumab, Bosutinib, Cetuximab, Crizotinib, Dasatinib, Erlotinib, Fostamatinib, Gefitinib.,
Imatinib, Lapatinib, Lenvatinib, Mubritinib, Nilotinib, Panitumumab, Pazopanib, Pegaptanmb,
Ranibizumab, Ruxolitinib, Saracatinib, Sorafenib, Sunitinib, Trastuzumab, Vandetanib,
AP23451, Vemurafenib, CAL101, PX-866, LY294002, rapamycin, temsirolimus, everolimus,
ridaforolimus, Alvocidib, Genistein, Selumetinib, AZD-6244, Vatalanib, P1446A-05, AG-
024322, ZD1839, P276-00, GW572016, or a mixture thereof. In certain aspects, the protein
kinase inhibitor 1s an AKT inhibitor (e.g., MK-2206, GSK690693, A-443654, VQD-002,
Miltefosine or Perifosine). In certain aspects, EGFR-targeted therapies for use 1in accordance
with the embodiments include, but are not limited to, inhibitors of EGFR/ErbB1/HER,
ErbB2/Neu/HER?2, ErbB3/HER3, and/or ErbB4/HER4. A wide range of such inhibitors are
known and include, without limitation, tyrosine kinase inhibitors active against the receptor(s)
and EGFR-binding antibodies or aptamers. For instance, the EGEFR 1nhibitor can be gefitinib,
erlotinib, cetuximab, matuzumab, panitumumab, AEE788; CI-1033, HKI-272, HKI-357, or
EKB-569. The protein kinase inhibitor may be a BRAF 1nhibitor such as dabrafenib, or a MEK

inhibitor such as trametinib.

[0023] Other objects, features and advantages of the present invention will become
apparent from the following detailed description. It should be understood, however, that the
detailed description and the specific examples, while indicating preferred embodiments of the
invention, are given by way of illustration only, since various changes and modifications within
the spirit and scope of the invention will become apparent to those skilled 1n the art from this

detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The following drawings form part of the present specification and are included

to further demonstrate certain aspects of the present invention. The invention may be better
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understood by reference to one or more of these drawings 1n combination with the detailed

description of specific embodiments presented herein.

[0025] FIG. 1: Ad-p53 + anti-PD-1 Efficacy: Tumor Volume. A graph showing
tumor volume over time 1n rodents receiving either phosphate buffered saline (PBS) control,
ant1-PD-1, Ad-p53, or the combination of Ad-p53 + anti-PD-1. There was severe tumor
progression during anti-PD-1 therapy, with reversal of anti-PD-1 resistance induced by Ad-p53
therapy. There was enhanced efficacy ot Ad-p53 + anti-PD-1 treatment compared to either

anti-PD-1 or Ad-p353 therapy alone. By day 22, the combined treatment with Ad-pS3 + anti-

PD-1 1nduced a large decrease 1n tumor volume, as compared to either anti-PD-1 or Ad-p53
therapy alone. A statistical analysis of variance (ANOVA) comparison of tumor volumes for
each treatment, determined the anti-tumor effects of Ad-p53 + anti-PD1 were synergistic as

early as day 22 (p-value 0.0001), and continued through the evaluation at day 29 (p-value
0.013).

[0026] FIG. 2: Ad-p53 + anti-PD-1 Efficacy: Contralateral Tumor Volume.
Contralateral tumor volume over time 1n rodents whose primary tumor had received either anti-
PD-1, Ad-p53 or a combination of Ad-p53 + anti-PD-1 treatment. Consistent with the
synergistic effect observed 1n the suppression of primary tumor growth, we also observed a
statistically significant abscopal eftect with decreased growth 1n the contralateral (secondary)
tumors that did not receive tumor suppressor therapy. These findings imply that the
combination treatment (Ad-p53 + anti-PD1) induced systemic immunity mediating the
abscopal effects. Contralateral tumors 1n animals whose primary tumor had been treated with
Ad-p53 alone showed significantly delayed tumor growth (p=0.046) compared to the growth
rate of primary tumors treated with anti-PD-1 alone. An even greater abscopal etfect on
contralateral tumor growth (p=0.0243) was observed 1n mice whose primary tumors were

treated with combined Ad-pS3+anti-PD-1.

[0027] FIG. 3: Ad-p53 + anti-PD1 Efficacy: Survival. Kaplan-Meier survival curves
tor mice treated with either PBS, anti-PD-1, Ad-p53 or a combination of these agents. The
results show no significant difference 1n the survival of animals treated with PBS or anti-PD-
1, increased survival 1n those treated with Ad-p33, and a significant enhancement of survival

in anmimals treated with a combination of Ad-p353 + anti-PD-1 over that observed 1n mice treated

with either Ad-p33 (p=0.0167), or anti-PD-1 (p<0.001) monotherapy.
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[0028] FIG. 4: Ad-IL24 + Anti-PD-1 Efficacy: Tumor Volume. A graph showing
tumor volume over time 1n rodents receiving either PBS control, anti-PD-1, Ad-1L24, or the
combination of Ad-IL24 + anti-PD-1. There was severe tumor progression during anti-PD-1

therapy with reversal of anti-PD-1 resistance by combination with Ad-IL24 therapy. There

was enhanced efficacy of Ad-1L24 + anti-PD-1 treatment compared to either anti-PD-1 or Ad-
[L.24 therapy alone. A statistical analysis of variance (ANOV A) comparison of tumor volumes
for each treatment determined that the combined eftect of Ad-1L24 and anti-PD-1 treatment

was synergistic by day 14 of treatment (p-value = 0.002).

[0029] FIG. 5: Ad-IL24 + AntiPD-1 Efficacy: Contralateral Tumor Volume.

Contralateral tumor volume over time 1n rodents whose primary tumor had received either anti-
PD-1, Ad-IL.24 or a combination of Ad-IL.24 + anti-PD-1 treatment. Consistent with the
increased effects observed 1n the suppression of primary tumor growth by combined Ad-11.24
and anti-PD-1 treatment, we also observed a statistically significant abscopal effect with
decreased growth 1n the contralateral (secondary) tumors that were not injected with tumor
suppressor therapy. These findings imply that the combination treatment Ad-1L24 + ant1-PD-
1 (like Ad-p53 + anti-PD-1 therapy) also induced systemic immunity mediating the abscopal
effects. Contralateral tumors 1n animals whose primary lesion had been treated with combined
Ad-1L24 and anti-PD-1 showed the greatest decrease in tumor growth. The Ad-1L24 alone
(P= 0.0021) and Ad-IL24 + antu-PD-1 (P <0.0001) treatment groups both demonstrated a
statistically significant decreased abscopal tumor growth compared to the growth rate of

primary tumors treated with anti-PD-1 alone.

[0030] FIG. 6: AD-IL24 + Anti-PD-1 Efficacy: Survival. Kaplan-Meier survival
curves for mice treated with either PBS, ant1-PD-1, Ad-1L24 or a combination of these agents.
The results show no significant difference 1n the survival of animals treated with PBS or anti-
PD-1, increased survival in those treated with Ad-1L.24, and a significant enhancement of

survival 1n animals treated with a combination of Ad-I1.24 + anti-PD-1 over that observed 1n

mice treated with either Ad-1L24 (p=0.0011), or ant1-PD-1 (p < 0.001) monotherapy.

[0031] FIG. 7: Ad-p53 + Ad-IL24 + anti-PD-1 Efficacy: Tumor Volume. A graph
showing tumor volume over time 1n rodents receiving either phosphate buftered saline (PBS)
control, anti-PD-1, Ad-p53 + Ad-IL24, or the combination of Ad-pS53 + Ad-IL24 + anti-PD-1.

There was severe tumor progression during anti-PD-1 therapy, with reversal of anti-PD-1

resistance induced by Ad-p53 + Ad-1IL24 therapy. There was enhanced efficacy of Ad-p33 +
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Ad-IL24 + ant1i-PD-1 treatment compared to either anti-PD-1 or Ad-p53 + Ad-IL24 therapy

alone. A statistical analysis of varitance (ANOVA) comparison of tumor volumes for each

treatment determined that the combined eftect of Ad-p53+Ad-1L24+anti-PD-1 treatment was

synergistic by day 14 of treatment (p-value = 0.035).

[0032] FIG. 8:5FU + CTX + GM-CSF + anti-PD-1 Efficacy: Tumor

Volume. Graph showing tumor volume over time 1n rodents receiving either PBS control, anti-
PD-1, 5FU + CTX + GM-CSF or a combination of SFU + CTX + GM-CSF + anti-PD-1

treatment. There was severe tumor progression after treatment with ant-PD-1 or SFU + CTX +

GM-CSF, with reversal of anti-PD-1 resistance 1n mice treated with the combination SFU +
CTX + GM-CSF + anti-PD-1. A statistical analysis of variance (ANOVA) comparison of
tumor volumes for each treatment determined that the combined effect of 5-FU+CTX+GM-

CSF and anti-PD-1 treatment was synergistic by day 14 of treatment (p-value = P=0.028).

[0033] FIG. 9: Ad-IL24 + 5FU + CTX + GM-CSF + anti-PD-1 Efficacy: Tumor
Volume. Graph showing tumor volume over time 1n rodents recerving either PBS control, Ad-
[1.24, SFU + CTX + GM-CSF + ant1-PD-1 or a combination of Ad-ILL.24 + 5FU + CTX + GM-
CSF + anti-PD-1 treatment. There was severe tumor progression after treatment with PBS, Ad-
I[[.-24 or SFU + CTX + GM-CSF + anti-PD-1, with reversal of anti-PD-1 resistance in mice
treated with the combination Ad-1L24 + SFU + CTX + GM-CSF + anti-PD-1. A statistical
analysis of varitance (ANOVA) comparison of tumor volumes for each treatment determined
that the combined effect of 5-FU+CTX+GM-CSF+anti-PD-1 and Ad-IL24 treatment was
synergistic by day 14 of treatment (p-value = 0.010).

[0034] FIG. 10: Ad-relaxin + Ad-IL24 + anti-PD1 Efficacy: A graph showing tumor
volume over time 1n rodents receiving either PBS control, anti-PD-1, Ad-relaxin + Ad-1L.24,
or the combination of Ad-relaxin + Ad-1L24 + anti-PD-1. There was severe tumor progression
during anti-PD-1 therapy with reversal of anti-PD-1 resistance by combination with Ad-relaxin
+ Ad-1L24 therapy. There was enhanced efficacy of Ad-relaxin + Ad-1IL24 + anti-PD-1
treatment compared to either anti-PD-1 or PBS treatment alone. A statistical analysis of
vartance (ANOVA) for multiple comparisons of tumor volumes on Day 11 was performed to
compare treatment effects. There was no statistically significant difference between PBS vs.
Anti-PD-1 treatment (P=0.8343) while both PBS vs. Ad-RLX+Ad-1L24 (P=0.0416) and PBS
vs. Ad-RLX+Ad-1L24+Anti-PD-1 (P=0.0039) demonstrated statistically significant decreases

1n tumor size compared to the PBS control. There was no statistically significant difference in
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between the Anti-PD-1 vs. Ad-RLX+Ad-IL24 treatments (P=0.0929) while the difference
between the Ant1-PD-1 vs. Ad-RLX+Ad-IL24+Ant-PD-1 groups was statistically significant

(P=0.0049) indicating the superior efficacy of the Ad-RLX+Ad-1L24+Ant-PD-1combination.

[0035] FIG. 11: Ad-IL24/CTV-IL24 + anti-PD1 + anti-LAG-3 Efficacy:
Survival. Kaplan-Meier survival curves for mice treated with either PBS, anti-PD-1 + anti-
[LAG-3, Ad-11L.24/CTV-IL24 or a combination of Ad-I11.24/CTV-1L.24 with anti-PD-1 + anti-

LAG-3. The results show no significant difference 1n the survival of animals treated with PBS

or anti-PD-1 + anti-LAG-3, increased survival in those treated with Ad-11L.-24/CTV-IL24

(p<0.0001), and a signmficant enhancement of survival in amimals treated with a combination

of Ad-IL-24/CTV-1L24 + anti-PD-1 + anti-LAG-3 (p=0.0011).

[0036] FIG. 12: TAV-Ad-p53/ anti-PDL1 Efficacy: Tumor Volume. A graph
showing tumor volume over time 1n rodents receiving either PBS butfer control, anti-PD-1,
TAV-Ad-p33, or the combination of TAV-Ad-p53 + anti-PD-1. There was severe tumor
progression during anti-PD-1 therapy with reversal of anti-PD-1 resistance by combination

with TAV-Ad-p53 therapy. TAV Ad-p353 alone and TAV Ad-p33 + anti-PD-L1, tumor

volume was significantly smaller in mice treated with TAV Ad-p53 + anti-PD-L1 compared to

intratumoral buffer with intraperitoneal anti-PDL1 (p < 0.05).
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DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0038] It 1s well known that tumors evolve during their initiation and progression to
evade destruction by the immune system. While the recent use of immune checkpoint
inhibitors to reverse this resistance has demonstrated some success, the majority of patients do
not respond these treatments. The present invention overcomes challenges associated with
current technologies by providing methods and compositions for altering the
microenvironment of tumors to overcome resistance and to enhance anti-tumor immune
responses. In one embodiment, there 1s provided a method for the treatment of cancer by
expressing pd>3 and/or MDA-7 1n combination with at least one immune checkpoint inhibitor.
Particularly, the tumor suppressor genes are administered as replication-incompetent
adenoviruses. In one method, the p53 gene therapy 1s administered 1in combination with an
immune checkpoint inhibitor such as an anti-PD1 antibody or an anti-KIR antibody to enhance
innate anti-tumor immunity before the admimistration of the MDA-7 gene therapy 1n
combination with an immune checkpoint inhibitor such as an anti-PD-1 antibody to induce
adaptive anti-tumor 1mmune responses. Alternatively, the p53 and MDA-7 could be

administered concurrently with the immune checkpoint inhibitor.

[0039] Additionally, the inventors have determined that administering an additional
therapy to degrade the tumor cell’s extracellular matrix can enhance the tumor penetration of
the combination therapy of the tumor suppressor gene therapy and the immune checkpoint
inhibitor. Particularly, the extracellular matrix degrading therapy 1s administered before the
combination therapy. In one method, the extracellular matrix degrading therapy 1s relaxin gene
therapy, such as adenoviral relaxin. Particularly, the adenoviral relaxin 1s adminmistered

intratumorally or intraarterially.

[0040] Further, the methods of treatment can include additional anti-cancer therapies
such as cytokines or chemotherapeutics to enhance the anti-tumor etfect of the combination
therapy provided herein. For example, the cytokine could be granulocyte macrophage colony-
stimulating factor (GM-CSF) and the chemotherapy could be 5-fluorouracil (SFU) or
capecitabine or cyclophosphamide or a PI3K 1nhibitor. In the present studies, loco-regional
tumor suppressor treatment reversed resistance to systemic immune checkpoint inhibitor
therapy, demonstrated unexpected synergy with immune checkpoint inhibitor treatment and
the combined therapies induced superior abscopal effects on distant tumors that were not

treated with tumor suppressor therapy. These unexpected systemic treatment effects were
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found to be enhanced when combined with additional therapies that altered the extracellular
matrix of the tumor microenvironment (relaxin), and in combination with chemotherapy,
cytokine therapy and agents known to modulate myeloid derived suppressor cells (MDSC), T-
Regs and dendritic cells. Thus, the present invention provides methods of treating cancer by
enhancing innate and adaptive anti-tumor immune responses as well as overcoming resistance

to immune checkpoint therapy and 1inducing abscopal systemic treatment effects.
L. Definitions

[0041] As used herein, “essentially free,” 1n terms of a specified component, 1s used
herein to mean that none of the specified component has been purposetully formulated into a
composition and/or 1s present only as a contaminant or 1n trace amounts. The total amount of
the specified component resulting from any unintended contamination of a composition 1s
theretore well below 0.05%, preterably below 0.01%. Most preferred 1s a composition 1n which

no amount of the specified component can be detected with standard analytical methods.

[0042] As used herein the specification, “a” or “an” may mean one or more. As used
66 29

herein 1n the claim(s), when used 1n conjunction with the word “comprising,” the words “a” or

“an” may mean one or more than one.

[0043] The use of the term “or” 1n the claims 1s used to mean “and/or” unless explicitly
indicated to refer to alternatives only or the alternatives are mutually exclusive, although the

29

disclosure supports a definition that refers to only alternatives and “and/or.” As used herein

“another” may mean at least a second or more.

[0044] Throughout this application, the term “about™ 1s used to indicate that a value
includes the inherent variation of error for the device, the method being employed to determine

the value, or the variation that exists among the study subjects.

[0045] As used herein "wild-type" refers to the naturally occurring sequence of a
nucleic acid at a genetic locus 1n the genome of an organism, and sequences transcribed or
translated from such a nucleic acid. Thus, the term "wild-type" also may refer to the amino acid
sequence encoded by the nucleic acid. As a genetic locus may have more than one sequence or
alleles 1n a population of individuals, the term "wild-type” encompasses all such naturally
occurring alleles. As used herein the term "polymorphic” means that variation exists (i.e., two

or more alleles exist) at a genetic locus 1n the individuals of a population. As used herein,
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"mutant” refers to a change 1n the sequence of a nucleic acid or its encoded protein, polypeptide,

or peptide that 1s the result of recombinant DNA technology.

[0046] The term “exogenous,” when used 1n relation to a protein, gene, nucleic acid, or
polynucleotide 1n a cell or organism refers to a protein, gene, nucleic acid, or polynucleotide
that has been introduced 1nto the cell or organism by artificial or natural means; or 1n relation
to a cell, the term refers to a cell that was 1solated and subsequently introduced to other cells
or to an organism by artificial or natural means. An exogenous nucleic acid may be from a
different organism or cell, or it may be one or more additional copies of a nucleic acid that
occurs naturally within the organism or cell. An exogenous cell may be from a different
organism, or it may be from the same organism. By way of a non-limiting example, an
exogenous nucleic acid 1s one that 1s 1n a chromosomal location different from where 1t would
be 1n natural cells, or 1s otherwise flanked by a different nucleic acid sequence than that found

1n nature.

[0047] By “expression construct” or “‘expression cassette” 1s meant a nucleic acid
molecule that 1s capable of directing transcription. An expression construct includes, at a
minimum, one or more transcriptional control elements (such as promoters, enhancers or a
structure functionally equivalent thereot) that direct gene expression 1n one or more desired
cell types, tissues or organs. Additional elements, such as a transcription termination signal,

may also be included.

[0048] A “vector” or “construct” (sometimes referred to as a gene delivery system or
gene transter “vehicle™) refers to a macromolecule or complex of molecules comprising a

polynucleotide to be delivered to a host cell, either in vitro or in vivo.

[0049] A “‘plasmid,” a common type of a vector, 1s an extra-chromosomal DNA
molecule separate from the chromosomal DNA that 1s capable of replicating independently of

the chromosomal DNA. In certain cases, it 1s circular and double-stranded.

[0050] An “origin of replication” (or1”) or “replication origin” 1s a DNA sequence,
e.g., 1n a lymphotrophic herpes virus, that when present 1n a plasmid 1n a cell 1s capable of
maintaining linked sequences in the plasmid and/or a site at or near where DNA synthesis
initiates. As an example, an or1 for EBV 1ncludes FR sequences (20 imperfect copies of a 30
bp repeat), and preferably DS sequences; however, other sites in EBV bind EBNA-1, e.g., Rep*

sequences can substitute for DS as an origin of replication (Kirshmaier and Sugden, 199%).
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Thus, a replication origin of EBV 1includes FR, DS or Rep* sequences or any functionally
equivalent sequences through nucleic acid modifications or synthetic combination derived
therefrom. For example, the present invention may also use genetically engineered replication

origin of EBV, such as by insertion or mutation of individual elements, as specifically

described in Lindner, er. al., 2008.

[0051] A “‘gene,” “‘polynucleotide,” ‘“‘coding region,” ‘“‘sequence,” “‘segment,”
“fragment,” or “transgene” that “encodes™ a particular protein, 1s a nucleic acid molecule that
1s transcribed and optionally also translated into a gene product, e.g., a polypeptide, in vitro or
in vivo when placed under the control of appropriate regulatory sequences. The coding region
may be present in either a cDNA, genomic DNA, or RNA form. When present in a DNA form,
the nucleic acid molecule may be single-stranded (i.e., the sense strand) or double-stranded.
The boundaries of a coding region are determined by a start codon at the 5' (amino) terminus
and a translation stop codon at the 3' (carboxy) terminus. A gene can include, but 1s not limited
to, cDNA from prokaryotic or eukaryotic mRNA, genomic DNA sequences from prokaryotic
or eukaryotic DNA, and synthetic DNA sequences. A transcription termination sequence will

usually be located 3' to the gene sequence.

[0052] The term “‘control elements” refers collectively to promoter regions,
polyadenylation signals, transcription termination sequences, upstream regulatory domains,
origins of replication, internal ribosome entry sites (IRES), enhancers, splice junctions, and the
like, which collectively provide for the replication, transcription, post-transcriptional
processing, and translation of a coding sequence 1n a recipient cell. Not all of these control
elements need be present so long as the selected coding sequence 1s capable of being replicated,

transcribed, and translated 1n an appropriate host cell.

[0053] The term “promoter” 1s used herein 1n its ordinary sense to refer to a nucleotide
region comprising a DNA regulatory sequence, wherein the regulatory sequence 1s derived
from a gene that 1s capable of binding RNA polymerase and initiating transcription of a
downstream (3" direction) coding sequence. It may contain genetic elements at which
regulatory proteins and molecules may bind, such as RNA polymerase and other transcription
factors, to mitiate the specitic transcription of a nucleic acid sequence. The phrases
“operatively positioned,” “operatively linked,” “under control,” and “under transcriptional

control” mean that a promoter 1s 1n a correct functional location and/or orientation 1n relation
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to a nucleic acid sequence to control transcriptional itiation and/or expression of that

SCQUCICC.

[0054] By “‘enhancer” 1s meant a nucleic acid sequence that, when positioned
proximate to a promoter, confers increased transcription activity relative to the transcription

activity resulting from the promoter 1n the absence of the enhancer domain.

[0055] By “operably linked™ or co-expressed”™ with reference to nucleic acid molecules
1s meant that two or more nucleic acid molecules (e.g., a nucleic acid molecule to be
transcribed, a promoter, and an enhancer element) are connected 1n such a way as to permit
transcription of the nucleic acid molecule. “Operably linked” or “co-expressed™ with reference
to peptide and/or polypeptide molecules means that two or more peptide and/or polypeptide
molecules are connected 1n such a way as to yield a single polypeptide chain, i.e., a fusion
polypeptide, having at least one property of each peptide and/or polypeptide component of the
fusion. The fusion polypeptide 1s preferably chimeric, i.e., composed of heterologous

molecules.

[0056] “Homology™ refers to the percent of 1dentity between two polynucleotides or
two polypeptides. The correspondence between one sequence and another can be determined
by techniques known 1n the art. For example, homology can be determined by a direct
comparison of the sequence information between two polypeptide molecules by aligning the
sequence information and using readily available computer programs. Alternatively, homology
can be determined by hybridization of polynucleotides under conditions that promote the
formation of stable duplexes between homologous regions, followed by digestion with single
strand-specific nuclease(s), and size determination of the digested fragments. Two DNA, or
two polypeptide, sequences are “‘substantially homologous™ to each other when at least about
80%, preferably at least about 90%, and most preferably at least about 95% of the nucleotides,
or amino acids, respectively match over a defined length of the molecules, as determined using

the methods above.

[0057] The term "nucleic acid” will generally refer to at least one molecule or strand of
DNA, RNA or a derivative or mimic thereof, comprising at least one nucleobase, such as, for
example, a naturally occurring purine or pyrimidine base found in DNA (e.g., adenine "A."
guanine "G," thymine "T," and cytosine "C") or RNA (e.g. A, G, uracil "U," and C). The term

'nucleic acid” encompasses the terms "oligonucleotide” and "polynucleotide.” The term
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"oligonucleotide” refers to at least one molecule of between about 3 and about 100 nucleobases
in length. The term "polynucleotide” refers to at least one molecule of greater than about 100
nucleobases 1n length. These defimitions generally reter to at least one single-stranded
molecule, but 1n specific embodiments will also encompass at least one additional strand that
1s partially, substantially or fully complementary to the at least one single-stranded molecule.
Thus, a nucleic acid may encompass at least one double-stranded molecule or at least one triple-
stranded molecule that comprises one or more complementary strand(s) or "complement(s)" of

a particular sequence comprising a strand of the molecule.

[0058] The term "therapeutic benefit” used throughout this application reters to
anything that promotes or enhances the well-being of the patient with respect to the medical
treatment of his cancer. A list of nonexhaustive examples of this includes extension of the
patient's life by any period of time; decrease or delay in the neoplastic development of the
disease; decrease 1n hyperproliferation; reduction 1n tumor growth; delay of metastases;
reduction 1n the proliferation rate of a cancer cell or tumor cell; induction of apoptosis 1n any

treated cell or 1n any cell affected by a treated cell; and a decrease 1n pain to the patient that

can be attributed to the patient's condition.

[0059] An "effective amount” 1s at least the minimum amount required to effect a
measurable improvement or prevention of a particular disorder. An effective amount herein
may vary according to factors such as the disease state, age, sex, and weight ot the patient, and
the ability of the antibody to elicit a desired response 1n the individual. An effective amount 1s
also one 1n which any toxic or detrimental effects of the treatment are outweighed by the
therapeutically beneficial effects. For prophylactic use, beneficial or desired results include
results such as eliminating or reducing the risk, lessening the severity, or delaying the onset of
the disease, including biochemical, histological and/or behavioral symptoms of the disease, 1ts
complications and intermediate pathological phenotypes presenting during development of the
disease. For therapeutic use, beneficial or desired results include clinical results such as
decreasing one or more symptoms resulting from the disease, increasing the quality of life ot
those suffering from the disease, decreasing the dose of other medications required to treat the
disease, enhancing etfect of another medication such as via targeting, delaying the progression
of the disease, and/or prolonging survival. In the case of cancer or tumor, an effective amount
of the drug may have the effect in reducing the number of cancer cells; reducing the tumor size;

inhibiting (i.e., slow to some extent or desirably stop) cancer cell infiltration 1into peripheral
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organs; 1nhibit (i.e., slow to some extent and desirably stop) tumor metastasis; inhibiting to
some extent tumor growth; and/or relieving to some extent one or more of the symptoms
associated with the disorder. An effective amount can be administered in one or more
administrations. For purposes of this invention, an effective amount of drug, compound, or
pharmaceutical composition 1s an amount sufficient to accomplish prophylactic or therapeutic
treatment either directly or indirectly. As 1s understood 1n the clinical context, an effective
amount of a drug, compound, or pharmaceutical composition may or may not be achieved 1n
conjunction with another drug, compound, or pharmaceutical composition. Thus, an "effective
amount” may be considered 1n the context of administering one or more therapeutic agents, and
a single agent may be considered to be given 1n an effective amount if, 1n conjunction with one

or more other agents, a desirable result may be or 1s achieved.

[0060] As used herein, "carrier” includes any and all solvents, dispersion media,
vehicles, coatings, diluents, antibacterial and antifungal agents, 1sotonic and absorption
delaying agents, butfers, carrier solutions, suspensions, colloids, and the like. The use of such
media and agents for pharmaceutical active substances 1s well known 1n the art. Except insofar
as any conventional media or agent 1s incompatible with the active ingredient, its use 1n the
therapeutic compositions 1s contemplated. Supplementary active ingredients can also be

incorporated 1nto the compositions.

[0061] The term "pharmaceutical formulation” refers to a preparation which 1s 1n such
form as to permit the biological activity of the active ingredient to be etfective, and which
contains no additional components which are unacceptably toxic to a subject to which the
formulation would be administered. Such formulations are sterile. "Pharmaceutically
acceptable” excipients (vehicles, additives) are those which can reasonably be administered to

a subject mammal to provide an etfective dose of the active ingredient employed.

[0062] As used herein, the term "treatment” refers to clinical intervention designed to
alter the natural course of the individual or cell being treated during the course of clinical
pathology. Desirable etfects of treatment include decreasing the rate of disease progression,
ameliorating or palliating the disease state, and remission or improved prognosis. For example,
an 1ndividual 1s successtully "treated” if one or more symptoms associated with cancer are
mitigated or eliminated, including, but are not limited to, reducing the proliferation of (or

destroying) cancerous cells, decreasing symptoms resulting from the disease, increasing the
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quality of life of those suftering from the disease, decreasing the dose of other medications

required to treat the disease, and/or prolonging survival of individuals.

[0063] An "anti-cancer” agent 1s capable of negatively affecting a cancer cell/tumor in
a subject, for example, by promoting killing of cancer cells, inducing apoptosis i1n cancer cells,
reducing the growth rate of cancer cells, reducing the incidence or number of metastases,
reducing tumor size, inhibiting tumor growth, reducing the blood supply to a tumor or cancer
cells, promoting an immune response against cancer cells or a tumor, preventing or inhibiting

the progression of cancer, or increasing the lifespan of a subject with cancer.

[0064] The term "antibody" herein 1s used 1n the broadest sense and specifically covers
monoclonal antibodies (including full length monoclonal antibodies), polyclonal antibodies,
multispecific antibodies (e.g., bispecific antibodies), and antibody fragments so long as they

exhibit the desired biological activity.

[0065] The term "monoclonal antibody" as used herein refers to an antibody obtained
from a population ot substantially homogeneous antibodies, e.g., the individual antibodies
comprising the population are 1dentical except for possible mutations, e.g., naturally occurring
mutations, that may be present 1n minor amounts. Thus, the modifier "monoclonal” indicates
the character of the antibody as not being a muxture of discrete antibodies. In certain
embodiments, such a monoclonal antibody typically includes an antibody comprising a
polypeptide sequence that binds a target, wherein the target-binding polypeptide sequence was
obtained by a process that includes the selection of a single target binding polypeptide sequence
from a plurality of polypeptide sequences. For example, the selection process can be the
selection of a unique clone from a plurality of clones, such as a pool of hybridoma clones,
phage clones, or recombinant DNA clones. It should be understood that a selected target
binding sequence can be further altered, for example, to improve affinity for the target, to
humanize the target binding sequence, to improve its production 1n cell culture, to reduce 1ts
immunogenicity in vivo, to create a multispecific antibody, efc., and that an antibody
comprising the altered target binding sequence 1s also a monoclonal antibody of this invention.
In contrast to polyclonal antibody preparations, which typically include different antibodies
directed against different determinants (epitopes), each monoclonal antibody of a monoclonal
antibody preparation 1s directed against a single determinant on an antigen. In addition to their
specificity, monoclonal antibody preparations are advantageous 1n that they are typically

uncontaminated by other immunoglobulins.
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[0066] The term "immune checkpoint” refers to a molecule such as a protein in the

immune system which provides inhibitory signals to its components 1n order to balance

immune reactions. Known immune checkpoint proteins comprise CTLA-4, PD-1 and its ligands

PD-L1 and PD-L2 and 1n addition LAG-3, BTLA, B7H3, B7H4, TIM3, KIR. The pathways
involving LAG3, BTLA, B7H3, B7H4, TIM3, and KIR are recognized 1n the art to constitute

immune checkpoint pathways similar to the CTLA-4 and PD-1 dependent pathways (see e.g.
Pardoll, 2012. Nature Rev Cancer 12:252-264; Mellman et al., 2011. Nature 480:480- 489).

[0067] The term "PD-1 axis binding antagonist " refers to a molecule that inhibits the
interaction of a PD-1 axis binding partner with either one or more of its binding partners, so as
to remove T-cell dysfunction resulting from signaling on the PD-1 signaling axis - with a result
being to restore or enhance T-cell function (e.g., proliferation, cytokine production, target cell
killing). As used herein, a PD-1 axis binding antagonist includes a PD-1 binding antagonist, a

PD-LI binding antagonist and a PD-L2 binding antagonist.

[0068] The term "PD-1 binding antagonist” refers to a molecule that decreases, blocks,
inhibits, abrogates or interferes with signal transduction resulting from the interaction of PD-1
with one or more of 1ts binding partners, such as PD-L1 and/or PD-L2. In some embodiments,
the PD-1 binding antagonist 1s a molecule that inhibits the binding of PD-1 to one or more of
its binding partners. In a specific aspect, the PD-1 binding antagonist inhibits the binding of
PD-1 to PD-LI1 and/or PD-L2. For example, PD-1 binding antagonists include anti-PD-1
antibodies, antigen binding fragments thereof, immunoadhesins, fusion proteins, oligopeptides
and other molecules that decrease, block, inhibit, abrogate or interfere with signal transduction
resulting from the interaction of PD-1 with PD-LI and/or PD-L2. In one embodiment, a PD-1
binding antagonist reduces the negative co-stimulatory signal mediated by or through cell
surface proteins expressed on T lymphocytes mediated signaling through PD-1 so as render a
dysfunctional T-cell less dystunctional (e.g., enhancing effector responses to antigen
recognition). In some embodiments, the PD-1 binding antagonist 1s an anti-PD-1 antibody. In
a specific aspect, a PD-1 binding antagonist 1s MDX-1106 (mivolumab). In another specific
aspect, a PD-1 binding antagonist 1s MK-3475 (pembrolizumab). In another specific aspect, a
PD-1 binding antagonist 1s CT-011 (pidilizumab). In another specific aspect, a PD-1 binding
antagonist 1s AMP-224.

[0069] The term "PD-L1 binding antagonist” refers to a molecule that decreases,

blocks, 1nhibits, abrogates or interteres with signal transduction resulting from the interaction
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of PD-L1 with either one or more of its binding partners, such as PD-1 or B7-1. In some
embodiments, a PD-L1 binding antagonist 1s a molecule that inhibits the binding of PD-L1 to
its binding partners. In a specific aspect, the PD-L1 binding antagonist inhibits binding of PD-
L1 to PD-1 and/or B7-1. In some embodiments, the PD-L1 binding antagonists include anti-
PD-L1 antibodies, antigen binding fragments thereof, immunoadhesins, fusion proteins,
oligopeptides and other molecules that decrease, block, inhibit, abrogate or interfere with signal
transduction resulting from the interaction of PD-L1 with one or more of its binding partners,
such as PD-1 or B7-1. In one embodiment, a PD-L1 binding antagonist reduces the negative
co-stimulatory signal mediated by or through cell surface proteins expressed on T lymphocytes
mediated signaling through PD-L1 so as to render a dysfunctional T-cell less dysfunctional
(e.g., enhancing effector responses to antigen recognition). In some embodiments, a PD-L1
binding antagonist 1s an anti-PD-LI antibody. In a specific aspect, an anti-PD-LI antibody 1s
YW243.55.570. In another specific aspect, an anti-PD-LI1 antibody 1s MDX-1103. In still
another specific aspect, an anti-PD-LI antibody 1s MPDL3280A. In still another specific aspect,
an anti-PD-LI antibody 1s MEDI4736.

[0070] The term "PD-L2 binding antagonist” refers to a molecule that decreases,
blocks, 1nhibits, abrogates or interferes with signal transduction resulting from the interaction
of PD-L2 with either one or more of its binding partners, such as PD-1. In some embodiments,
a PD-L2 binding antagonist 1s a molecule that inhibits the binding of PD-L2 to one or more of
its binding partners. In a specific aspect, the PD-L2 binding antagonist inhibits binding of PD-
L2 to PD-1. In some embodiments, the PD-L2 antagonists include anti-PD-L2 antibodies,
antigen binding fragments thereof, immunoadhesins, fusion proteins, oligopeptides and other
molecules that decrease, block, inhibit, abrogate or intertere with signal transduction resulting
from the 1nteraction of PD-L2 with either one or more of its binding partners, such as PD-1. In
one embodiment, a PD-L2 binding antagonist reduces the negative co-stimulatory signal
mediated by or through cell surface proteins expressed on T lymphocytes mediated signaling
through PD-L2 so as render a dystunctional T-cell less dysfunctional (e.g., enhancing etfector
responses to antigen recognition). In some embodiments, a PD-L2 binding antagonist 1s an

immunoadhesin.

[0071] An “immune checkpoint inhibitor” refers to any compound inhibiting the
function of an immune checkpoint protein. Inhibition includes reduction of function and full

blockade. In particular the immune checkpoint protein 1s a human immune checkpoint protein.
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Thus the immune checkpoint protein inhibitor 1n particular 1s an inhibitor of a human immune

checkpoint protein.

[0072] An “extracellular matrix degradative protein™ or “extracellular matrix degrading
protein” refers any protein which acts on the integrity of the cell matrix, in particular exerting
a total or partial degrading or destabilizing action on at least one of the constituents of the said

matrix or on the bonds which unite these various constituents.

[0073] An “abscopal etfect” 1s reterred to herein as a shrinking of tumors outside the
scope of the localized treatment of a tumor. For example, localized treatment with the pS3
and/or 1L-24 1n combination with systemic treatment with an immune checkpoint therapy can

result 1n an abscopal effect at distant untreated tumors.

IL. Tumor Suppressors

A. pS3

[0074] The present invention provides combination therapies for the treatment of
cancer. Some of the combination therapies provided herein include p53 gene therapy
comprising administering a wild-type pS3 gene to the subject. Wild-type p33 1s recognized as
an 1important growth regulator in many cell types. The p53 gene encodes a 375-amino-acid
phosphoprotein that can form complexes with host proteins such as large-T antigen and E1B.
The protein 1s found 1n normal tissues and cells, but at concentrations which are minute by

comparison with transtormed cells or tumor tissue.

[0075] Missense mutations are common for the p53 gene and are essential for the
transforming ability of the oncogene. A single genetic change prompted by point mutations can
create carcinogenic p53. Unlike other oncogenes, however, pS3 point mutations are known to
occur 1n at least 30 distinct codons, often creating dominant alleles that produce shifts 1n cell
phenotype without a reduction to homozygosity. Additionally, many of these dominant
negative alleles appear to be tolerated 1n the organism and passed on 1n the germ line. Various
mutant alleles appear to range from mimimally dysfunctional to strongly penetrant, dominant
negative alleles (Weinberg, 1991). High levels of mutant p3S3 have been found 1n many cells

transformed by chemical carcinogenesis, ultraviolet radiation, and several viruses.
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B. MDA-7

[0076] The combination therapies provided herein can also additionally comprise
MDA-7 gene therapy comprising administering a full-length or truncated MDA-7 gene. The
protein product of the mda-7 gene, Interleukin (IL)-24 1s a cytokine that belongs to the 1L-10
family of cytokines and 1s also a tumor suppressor. The cDNA encoding the MDA-7 protein
has been described by Jiang et al.,, 1995 (WO1995011986). The MDA-7 cDNA encodes an

evolutionarily conserved protein of 206 amino acids with a predicted size of 23.8 kDa.

[0077] The nucleic acid encoding MDA-7 provided herein can encode a full-length or
truncated human IL-24 protein or polypeptide. A truncated version of MDA-7 would comprise
a portion or portions of contiguous amino acid regions of the full-length sequence, but would
not contain the entire sequence. The truncated version may be truncated by any number of
contiguous amino acids at any site i1n the polypeptide. For example, truncated versions of
MDA-7 could encode amino acids from about 49 to about 206; about 75 to about 206; about
100 to about 206; about 125 to about 206; about 150 to about 206; about 175 to about 206; or
about 182 to about 206 of SEQ ID NO: 1. It 1s also contemplated that MDA-7 polypeptides
containing at least about 85%, 90%, and 95% of SEQ ID NO:1 are within the scope of the

1nvention.

III. Extracellular Matrix Degradation

[0078] Methods of enhancing the anti-tumor effect of the tumor suppressor gene
therapy and/or an immune checkpoint inhibitor are also provided herein. In one aspect, the
delivery of the gene therapy (e.g., viral distribution) and tumor penetration are enhanced by a
protein or agent which degrades the tumor cell extracellular matrix (ECM) or component

thereof.

[0079] The extracellular matrix (ECM) 1s a collection of extracellular molecules
secreted by cells that provides structural and biochemical support to the surrounding cells.
Because multicellularity evolved 1ndependently in different multicellular lineages, the
composition of ECM varies between multicellular structures; however, cell adhesion, cell-to-
cell communication and differentiation are common functions of the ECM. Components of the
ECM that may be targeted by the extracellular matrix degradative protein include collagen,

elastin, hyaluronic acid, fibronectin and laminin.

23



10

15

20

25

30

CA 03004530 2018-05-07

WO 2017/079746 PCT/US2016/060833

A. Relaxin

[0080] One extracellular matrix degrading protein that can be used in the methods
provided herein 1s relaxin. Relaxin 1s a 6 kDa peptide hormone that 1s structurally related to
insulin and insulin-like growth factors. It 1s predominantly produced 1n the corpus luteum and
endometrium and its serum level greatly increases during pregnancy (Sherwood et al., 1984).
Relaxin 1s a potent inhibitor of collagen expression when collagen 1s overexpressed, but it does
not markedly alter basal levels of collagen expression, 1n contrast to other collagen. It promotes
the expression of various MMPs such as MMP2, MMP3, and MMP9 to degrade collagen, so
that connective tissues and basal membranes are degraded to lead to the disruption of
extracellular matrix of birth canal. In addition to this, the promotion of MMP 1 and MMP 3
expressions by relaxin 1s also observed 1n lung, heart, skin, intestines, mammary gland, blood

vessel and spermiduct where relaxin plays a role as an inhibitor to prevent overexpression of

collagen (Qin, X., et al., 1997a; Qin, X., et al., 1997b).

[0081] Adminmistration of the relaxin protein or nucleic acid encoding the relaxin
protein can 1nduce the degradation ot collagen, a major component of the extracellular matrix
surrounding tumor cells, to disrupt connective tissue and basal membrane, thereby resulting 1n
the degradation of extracellular matrix. In particular, when administered to tumor tissues
enclosed tightly by connective tissue, the administration of the tumor suppressor gene therapy

in combination with relaxin exhibits improved anti-tumor efficacy.

[0082] The relaxin protein can be full length relaxin or a portion of the relaxin molecule
that retains biological activity as described 1n U.S. Pat. No. 5,023,321. Particularly, the relaxin
1s recombinant human relaxin (H2) or other active agents with relaxin-like activity, such as
agents that competitively displace bound relaxin from a receptor. Relaxin can be made by any
method known to those skilled in the art, preferably as described in U.S. Patent No. 4,835,251.
Relaxin analogs or derivatives thereof are described in US5811395 and peptide synthesis 1s

described 1n U.S. Patent Publication No. US2011003977%.

[0083] An exemplary adenoviral relaxin that may be used in the methods provided
herein 1s described by Kim er al. (2006). Brietly, a relaxin-expressing, replication-competent
(Ad-AE1B-RLX) adenovirus 1s generated by inserting a relaxin gene into the E3 adenoviral

region.
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B. Hyaluronidase

[0084] In some embodiments, any substance which 1s able to hydrolyze the
polysaccharides which are generally present 1n extracellular matrices such as hyaluronic acid
can be administered. Particularly, the extracellular matrix degrading protein used 1n the present
invention can be hyaluronidase. Hyaluronan (or hyaluronic acid) 1s a ubiquitous constituent of
the vertebrate extracellular matrix. This linear polysaccharide, which 1s based on glucuronic
acid and glucosamine [D-glucuronic acid 1-B-3)N-acetyl-D-glucosamine(1-b-4)], 1s able to
exert an i1nfluence on the physicochemical characteristics of the matrices by means of 1ts
property of forming very viscous solutions. Hyaluronic acid also interacts with various
receptors and binding proteins which are located on the surface ot the cells. It 1s involved 1n a
large number of biological processes such as fertilization, embryonic development, cell
migration and differentiation, wound-healing, inflammation, tumor growth and the formation

of metastases.

[0085] Hyaluronic acid 1s hydrolyzed by hyaluronmidase and its hydrolysis leads to

disorganization of the extracellular matrix. Thus, 1t 1s contemplated that any substance
possessing hyaluronidase activity 1s suitable for use 1n the present methods such as
hyaluronidases as described in Kreil (Protein Sci., 1993, 4:1666-1669). The hyaluronidase can
be a hyaluromidase which 1s derived from a mammahan, reptilian or hymenopteran hyaluronate
glycanohydrolase, from a hyaluronate glycanohydrolase from the salivary gland of the leech,
or from a bacterial, 1n particular streptococcal, pneumococcal and clostridial hyaluronate lyase.

The enzymatic activity of the hyaluronidase can be assessed by conventional techniques such
as those described in Hynes and Ferretti (Methods Enzymol., 1994, 235: 606-616) or Bailey
and Levine (J. Pharm. Biomed. Anal., 1993, 11: 285-292).

C. Decorin

[0086] Decorin, a small leucine-rich proteoglycan, 1s a ubiquitous component of the
extracellular matrix and 1s preferentially found 1n association with col