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Figure 2A
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NEURAL STEM CELL-MEDIATED CANCER
TREATMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of U.S. patent
application Ser. No. 16/398,108, filed Apr. 29, 2019, which
claims the benefit of U.S. Provisional Patent Application No.
62/664,268 filed on Apr. 29, 2018, the disclosure of which

1s mcorporated by reference in 1ts entirety.

STATEMENT OF GOVERNMENT INTEREST

[0002] The present invention was made with government
support under Grant Nos. RO1ICA198076, RO1IFD004816,

UOIN3082328, R43CARB6768, and R44CA8B6768, awarded
by the National Cancer Institute of the National Institutes of

Health (NIH). The government has certain rights in the
invention.

SEQUENCE LISTING

[0003] This disclosure includes a sequence listing, which
was submitted 1n ASCII format via EFS-Web, and 1s hereby
incorporated by reference 1n 1ts entirety. The ASCII copy,
created on Apr. 20, 2022, 1s named Sequencelisting.txt and
1s 2 kilobytes 1n size.

BACKGROUND
[0004] Owvarnian cancer 1s the most lethal gynecologic
mahgnancy,, Hlicting approximately 22,000 women per

year in the U.S. (Jemal et al., 2008; and L1 et al., 2012). Once

ovarian cancer has metastasized to the abdominal cavity
(stage III), patients have only a 34% 5-year survival rate
following standard treatment with surgical debulking and
combination chemotherapy (e.g., cisplatin and paclitaxel)
(Cannistra et al., 2004). Use of intraperitoneally (IP) deliv-
ered combination chemotherapy regimens has improved
outcomes (Kim et al.,, 2013); however, these regimens
frequently have complications and serious toxic side eflects
such that most patients are unable to complete the treatment
cycles due to severe abdominal pain, nausea, and vomiting
(Ding 2014). Furthermore, regardless of treatment regimen,
most ovarian cancer patients eventually develop chemo-
resistance, leading to cancer progression and death.

[0005] Along the same line, the 5-year survival rates for
brain cancer 1s also significantly lower than those for other
cancer types. Replication-competent oncolytic virotherapy
1s a promising approach for patients with recurrent disease,
given that oncolytic viruses selectively replicate 1n tumors
and 1nduce cancer cell death 1rrespective of radio- or chemo-
resistance. In addition, secondary immune responses are
expected to be mduced upon exposure of tumor antigens
following the lysis of cancer cells. Although clinical trials
have demonstrated the safety of oncolytic virotherapy, its
ellicacy has been limited by numerous obstacles, including
poor viral penetration 1 tumors and poor viral spread
through tumor-associated stroma and the tumor microenvi-
ronment. Therefore, new, more targeted and eflective thera-
peutic approaches for treating recurrent and/or drug-resis-
tant ovarian cancer and brain cancer are needed.

May 4, 2023

SUMMARY

[0006] In one aspect, provided herein 1s a method of
treating cancer with neural stem cells (NSCs) mediated
delivery of oncolytic adenovirus. The method entails admin-
istrating to a subject a therapeutically eflective amount of
NSCs and an oncolytic adenovirus. In some embodiments,
the ratio of NSCs to the oncolytic adenovirus 1s about 100:1,
about 200:1, about 300:1, about 400:1, about 500:1, about
600:1, about 700:1, about 800 1, about 900 1, about 1000:1,
about 1100:1, about 1200:1, about 1300:1, about 1400:1,
about 1500:1, about 1600:1, about 1700:1, about 1800:1
about 1900:1, or about 2000 1. In some embodlments the
NSCs and the oncolytic adenovirus are administered 31111111-
taneously. In some embodiments, the NSCs are transduced
with the oncolytic adenovirus. In some embodiments, the
NSCs and the oncolytic adenovirus are administered sequen-
tially. In some embodiments, the NSCs and the oncolytic
adenovirus are administered every day, every other day,
every three days, every four days, every five days, every six
days, weekly, every 10 days, bi-weekly, or monthly. In some
embodiments, the NSCs and the oncolytic adenovirus are
administered over the period of about one week, about two
weeks, about three weeks, about four weeks, about five
weeks, about six weeks, about seven weeks, about eight
weeks, about nine weeks, about ten weeks, eleven weeks,
twelve weeks, about four months, about five months, about
s1x months, about seven months, about eight months, about
nine months, about ten months, about eleven months, or
about twelve months. In some embodiments, the NSCs and
the oncolytic adenovirus are administered by 1njection, e.g.,
intraperitoneal injection. In some embodiments, the method
further includes admimistering a therapeutically eflfective
amount of one or more immune checkpoint inhibitors to the
subject before, during, or after administration of the NSCs
and the oncolytic adenovirus. The one or more 1immune
checkpoint inhibitors include but are not limited to inhibitors
tor B7-1, B7-2, PD-1, PD-L1, PD-L2, CTLA-4, CD40,
CD40L, CD47, CD48, CD244, CD80, CD86, CD155, IDO,
CDK-12, Galectin-9, LAG-3, TIM-3, VISTA, TIGIT,
SIRPc. The inhibitors can be small molecules, antibodies,
minibodies, diabodies, triabodies, nanobodies, single
domain antibodies. For example, a PD-L1 imhibitor such as
a PD-L1 antibody or an shRNA against PD-L.1 can be used.
Alternatively, the inhibitors can be mactive “bait” proteins
which compete to bind and displace checkpoint receptors,
their ligands, and signaling molecules such as SIRPca. In
some embodiments, the method further includes adminis-
tering a therapeutically eflective amount of a chemothera-
peutic agent such as cisplatin. In some embodiments, the
oncolytic virus belongs to adenovirus subtype 5 (AdS5). In
some embodiments, the oncolytic virus 1s a conditionally
replicating adenovirus (CRAd). The oncolytic virus can
replicate under the control of different promoters such as
survivin promoter, which 1s highly expressed only i a
subpopulation of tumor cells, and the Secreted Protein
Acidic Rich 1n Cystemne (SPARC) promoter, which 1s over-
expressed 1 both tumor and tumor-associated stromal cells.
In some embodiments, the oncolytic adenovirus 1s AR2011.
In some embodiments, AR2011 replicates under the control
of SPARC promoter. In some embodiments, the virus is a
CRAd driven by the surviving promoter such as CRAd-
Survivin-pk’7 or a CRAd dniven by the SPARC promoter
such as CRAd-SPARC-pk3/5 and CRAd-SPARC-pk7/. In
some embodiments, the CRAds disclosed herein further
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comprises enhancer elements that facilitate viral replication
in response to hypoxia and intflammation, which are condi-
tions commonly present in tumor microenvironments. In
some embodiments, the NSC 1s from an NSC line HB1.F3.
CD. In some embodiments, the NSC 1s clonal human neural
stem cell line HB1.F3.CD21. In some embodiments, the
cancer 1s an intraperitoneal cancer including but not limited
to, peritoneal cancer, ovarian cancer, bladder cancer, pan-
creatic cancer, colorectal cancer, gastric cancer, and liver
cancer. In some embodiments, the cancer 1s brain cancer. In
some embodiments, the cancer 1s a metastatic cancer.

[0007] In a related aspect, disclosed herein 1s a pharma-
ceutical composition comprising a therapeutically effective
amount of NSCs and an oncolytic adenovirus. In some
embodiments, the ratio of NSCs to the oncolytic adenovirus
1s about 100:1, about 200:1, about 300:1, about 400:1, about
500:1, about 600 1, about 700 , about 800:1, about 900:1,
about 1000:1, about 1100:1, ajout 1200:1, about 1300:1,
about 1400:1, about 1500:1, about 1600:1, about 1700:1
about 1800:1, about 19001 or about 20001 In some
embodlments,, the NSCs are transduced with the oncolytic
adenovirus. In some embodiments, the oncolytic virus
belongs to adenovirus subtype 5 (Ad5). In some embodi-
ments, the oncolytic virus 1s a conditionally replicating
adenovirus (CRAd). The oncolytic virus can rephcate under
the control of different promoters such as survivin promoter,
which 1s highly expressed only 1n a subpopulation of tumor
cells, and the Secreted Protein Acidic Rich in Cysteine
(SPARC) promoter, which 1s overexpressed in both tumor
and tumor-associated stromal cells. In some embodiments,
the oncolytic adenovirus 1s AR2011. In some embodiments,
AR2011 replicates under the control of SPARC promoter. In
some embodiments, the virus 1s a CRAd driven by the
surviving promoter such as CRAd-Survivin-pk7 or a CRAd
driven by the SPARC promoter such as CRAd-SPARC-
pk3/5 and CRAd-SPARC-pk7/. In some embodiments, the
CRAds disclosed herein further comprises enhancer ele-
ments that facilitate viral replication in response to hypoxia
and inflammation, which are conditions commonly present
in tumor microenvironments. In some embodiments, the

NSC 1s from an NSC line HB1.F3.CD. In some embodi-
ments, the NSC 1s clonal human NSC line HB1.F3.CD21. In
SOMe embodlments the pharmaceutlcal composition further
comprlses a therapeutically eflective amount of one or more
immune checkpoint inhibitors including but not limited to
inhibitors for B7-1, B7-2, PD-1, PD-L1, PD-L2, CTLA-4,
CD40, CD40L, CD47, CD48, CD244, CD80, CDR86,
CD155, IDO, CDK-12, Galectin-9, LAG-3, TIM-3, VISTA,
TIGIT, SIRPca. The inhibitors can be small molecules,
antibodies, minibodies, diabodies, triabodies, nanobodies,
single domain antibodies. For example, a PD-L1 inhibitor
such as a PD-L1 antibody or an shRNA against PD-L1 can
be used. Alternatively, the imhibitors can be nactive “bait”
proteins which compete to bind and displace checkpoint
receptors, their ligands, and signaling molecules such as
SIRPa. In some embodiments, the pharmaceutical compo-
sition further comprises a therapeutically eflective amount
of a chemotherapeutic agent such as cisplatin. In some
embodiments, the pharmaceutical composition further com-
prises one or more pharmaceutically acceptable carriers or
excipients.

[0008] In another aspect, provided herein 1s a method of
treating cancer with a combination of oncolytic virotherapy
and immune modulation. The method entails administrating
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to a subject a pharmaceutical composition comprising NSCs
packaged or transduced with one or more immunomodula-
tory viruses expressing one or more immunity checkpoint
inhibitors, including adaptive immunity checkpoint inhibi-
tors and innate immunity checkpoint inhibitors. The one or
more immune checkpoint inhibitors include but are not
limited to inhibitors for B7-1, B7-2, PD-1, PD-L1, PD-L2,
CTLA-4, CD40, CD40L, CD47, CD48, CD244, CDSO0,
CDR86, CD155, IDO, CDK-12, Galectin-9, LAG-3, TIM-3,
VISTA, TIGIT, SIRPa. The inhibitors can be small mol-
ecules, antibodies, minibodies, diabodies, triabodies, nano-
bodies, single domain antibodies. For example, a PD-L1
inhibitor such as a PD-L1 antibody or an shRNA against
PD-L1 can be used. Alternatively, the inhibitors can be
iactive “bait” proteins which compete to bind and displace
checkpoint receptors, their ligands, and signaling molecules
such as SIRPa. In some embodiments, the immunity check-
point inhibitors are shRNAs against the immumity check-
point proteins. In some embodiments, the cancer includes
but 1s not limited to primary, recurrent, and metastatic brain
cancer, breast cancer, head and neck cancer, bladder cancer,
ovarian cancer, uterine cancer, prostate cancer, skin cancer,
lung cancer, and colorectal cancer. In some embodiments,
the cancer 1s an intraperitoneal cancer capable of being
treated via intraperitoneal (IP) injection including but not
limited to, peritoneal cancer, ovarian cancer, bladder cancer,
pancreatic cancer, colorectal cancer, gastrlc cancer, and liver
cancer. In some embodiments, the cancer 1s brain cancer. In
some embodiments, the cancer 1s a metastatic cancer. In
some embodiments, the NSCs are human NSCs packaged or
transduced with an adenovirus (e.g., CRAd-Survivin-pk7
adenovirus, CRAd-SPARC-pk7 adenovirus, or CRAd-
SPARC-pk3/5 adenovirus) expressing an adaptive immunity
checkpoint ihibitor (e.g., shRNA against PD-LL1) and an
innate immunity checkpoint inhibitor (e.g., shRNA against
CD47). In some embodiments, the NSCs are admimistered to
a subject by 1njection, e.g., by intraperitoneal (IP) injection.
In some embodiments, the NSC 1s from an NSC line
HB1.F3.CD. In some embodiments, the NSC 1s clonal
human NSC line HB1.F3.CD21.

[0009] In another aspect, provided herein are NSCs pack-
aged or transduced with one or more immunomodulatory
viruses expressing one or more immune system checkpoint
inhibitors for treating cancer. In some embodiments, the
immune system checkpoint inhibitors include adaptive
immune system checkpoint inhibitors and innate immune
system checkpoint inhibitors. The one or more immune
checkpoint inhibitors include but are not limited to inhibitors
tor B7-1, B7-2, PD-1, PD-L1, PD-L2, CTLA-4, CD40,
CD40L, CD47, CD48, CD244, CD80, CD86, CD1535, IDO,
CDK-12, Galectin-9, LAG-3, TIM-3, VISTA, TIGIT,
SIRPca. The inhibitors can be small molecules, antibodies,
minibodies, diabodies, triabodies, nanobodies, single
domain antibodies. For example, a PD-L1 inhibitor such as
a PD-L1 antibody or an shRINA against PD-L1 can be used.
Alternatively, the inhibitors can be 1mactive “bait” proteins
which compete to bind and displace checkpoint receptors,
their ligands, and signaling molecules such as SIRPca. In
some embodiments, the immune system checkpoint 1inhibi-
tors are shRNAs against the immune system checkpoint
proteins. In some embodiments, the cancer includes but 1s
not limited to primary, recurrent, and metastatic brain can-
cer, breast cancer, head and neck cancer, bladder cancer,
ovarian cancer, uterine cancer, prostate cancer, skin cancer,
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lung cancer, and colorectal cancer. In some embodiments,
the cancer 1s an intraperitoneal cancer capable of being
treated via intraperitoneal (IP) injection including but not
limited to, peritoneal cancer, ovarian cancer, bladder cancer,
pancreatic cancer, colorectal cancer, gastric cancer, and liver
cancer. In some embodiments, the cancer 1S metastatic
ovarian cancer. In some embodiments, the cancer 1s brain
cancer. In some embodiments, the NSCs are human NSCs
packaged or transduced with an adenovirus (e.g., CRAd-
Survivin-pk7 adenovirus, CRAd-SPARC-pk7 adenovirus, or
CRAd-SPARC-pk3/5 adenovirus) expressing an adaptive
immunity checkpoint inhibitor (e.g., shRNA against PD-L1)
and an 1nnate immunity checkpoint inhibitor (e.g., shRINA
against CD47). In some embodiments, the NSC 1s from an
NSC line HB1.F3.CD. In some embodiments, the NSC 1s
clonal human NSC line HB1.F3.CD21.

[0010] In another aspect, disclosed herein 1s a pharmaceu-
tical composition for treating cancer comprising a therapeu-
tically effective amount of NSCs packaged or transduced
with one or more immunomodulatory viruses expressing one
or more immune system checkpoint inhibitors. In some
embodiments, the NSCs are human NSCs. In some embodi-
ments, the NSC 1s from an NSC line HB1.F3.CD. In some
embodiments, the NSC 1s clonal human NSC line HB1.F3.

CD21. In some embodiments, the immune system check-
point inhibitors include adaptive immune system checkpoint
inhibitors and innate immune system checkpoint inhibitors.
The one or more immune checkpoint inhibitors include but
are not limited to inhibitors for B7-1, B7-2, PD-1, PD-L1,
PD-L2, CTLA-4, CD40, CD40L, CD47, CD48, CD244,
CDR80, CD86, CD155, IDO, CDK-12, Galectin-9, LAG-3,
TIM-3, VISTA, TIGIT, SIRPc. The inhibitors can be small
molecules, antibodies, minibodies, diabodies, triabodies,

nanobodies, single domain antibodies. For example, a
PD-L1 inhibitor such as a PD-L1 antibody or an shRNA
against PD-L1 can be used. Alternatively, the inhibitors can
be 1nactive “bait” proteins which compete to bind and
displace checkpoint receptors, their ligands, and signaling
molecules such as SIRPo. In some embodiments, the
immune system checkpoint inhibitors are shRINAs against
the immune system checkpoint proteins. In some embodi-
ments, the cancer includes but 1s not limited to primary,
recurrent, and metastatic brain cancer, breast cancer, head
and neck cancer, bladder cancer, ovarian cancer, uterine
cancer, prostate cancer, skin cancer, lung cancer, and col-
orectal cancer. In some embodiments, the cancer 1s an
intraperitoneal cancer capable of being treated via intrap-
eritoneal (IP) injection including but not limited to, perito-
neal cancer, ovarian cancer, bladder cancer, pancreatic can-
cer, colorectal cancer, gastric cancer, and liver cancer. In
some embodiments, the cancer 1s metastatic ovarian cancetr.
In some embodiments, the cancer 1s brain cancer. In some
embodiments, the NSCs are human NSCs packaged or
transduced with an adenovirus (e.g., CRAd-Survivin-pk?7
adenovirus, CRAd-SPARC-pk7 adenovirus, or CRAd-
SPARC-pk3/5 adenovirus) expressing an adaptive immunity
checkpoint inhibitor (e.g., shRNA against PD-1L1) and an
innate immunity checkpoint inhibitor (e.g., shRNA against
CD47). In some embodiments, the pharmaceutical compo-
sition 1s formulated as an injectable formulation, such as a
formulation for intraperitoneal (IP) injection. In some
embodiments, the pharmaceutical composition further com-
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prises one or more pharmaceutically acceptable excipients,
carriers, preservatives, diluent, bufler, or a combination
thereof.

[0011] In yet another aspect, provided herein 1s a combi-
national therapy for cancer. The therapy comprises perform-
ing surgery, administering one or more of chemotherapeutic
agents, administering one or more radiotherapies, and/or
administering one or more of immunotherapies to a subject
in need thereof before, during, or after administering the
NSCs-mediated oncolytic viral therapy disclosed herein. In
some embodiments, the surgery, chemotherapy, radio-
therapy, and/or immunotherapy 1s performed or adminis-
tered to the subject after administering the NSCs-mediated
oncolytic viral therapy disclosed herein.

BRIEF DESCRIPTION OF THE

[0012] This application contains at least one drawing
executed in color. Copies of this application with color
drawing(s) will be provided by the Oflice upon request and
payment of the necessary fees.

[0013] FIG. 1 illustrates an example of the therapeutic
schematic of cancer therapy. NSCs are transduced with
CRAds and frozen into aliquots that are thawed and rinsed
just prior to administration per climcal SOPs. NSC.CRAds
are then mjected nto tumor-bearing mice. NSCs efliciently
deliver the CRAds to tumor foci. CRAds propagate through
the tumor, lysing malignant cells and exposing new tumor
antigens to stimulate a secondary anti-tumor i1mmune
response.

[0014] FIGS. 2A-2B. FIG. 2A 1s a diagram ol CRAd-
Survivin-pk’7 genome. The native Ela promoter of Ad5 was
replaced with a portion of the survivin promoter to direct
tumor-selective virus replication. A short poly-lysine (pk’/)-
encoding sequence (60 bp) was incorporated into the gene
encoding the fiber protein of the Ad. This modification
improves the transduction efliciency of the virus 1n cells with
limited numbers of CAR receptors. EcoRI and HindIII sites
are available to recombine the commercially available shR -
NAs. FIG. 2B shows that CRAd 1s engineered to replicate
either in tumor cells that overexpress survivin or in stromal
cells which overexpress SPARC.

[0015] FIGS. 3A-3F illustrates NSCs as a tumor-tropic,
immunoprotective OV delivery vehicle. A) IP-injected
CRAd-Survivin-pk’7 NSCs demonstrate selective tumor tro-
pism 1n metastatic ovarian cancer model. Dil-labeled NSCs
(red) were 1njected IP mto mice with established ovarian
metastases. (A-B) NSCs and (C-D) CRAd-Survivin-pk?7
NSCs target and penetrate tumors within 24 hours, but not
adjacent normal kidney (A, white dotted line) or intestine
(C, white dotted line). Scale bar A, C=100 um. Scale bar
D=50 um. Note: Kidney appears yellow due to autotluores-
cence. F) MLR measurement of degranulation 1in normal
donor PBMCs 1n response to HB1.F3.CD NSCs. CE.
Degranulation (a measure of potential immune response) of
PBMCs was measured 1n the population of CD4+ and CD8+
cells mm the presence of HB1.F3.CDs or PHA mitogen
(positive control).

[0016] FIGS. 4A and 4B show CRAd-Survivin-pk”7 NSCs
in vitro ethicacy. CRAd-Survivin-pk’7 NSCs co-cultured with
ovarian tumor cells eliminate tumor cells as indicated by (A)
crystal violet stained culture wells, and (B) quantification of
total viable cells 1n culture.

[0017] FIGS. 5A and 3B show that NSCs improve thera-

peutic eflicacy of CRAd-Survivin-pk”7 oncolytic virus in

DRAWINGS
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glioma model. A) graph showing tumor doubling time
between the different treatment groups of OVCARS 1nocu-
lated mice. Increased doubling time corresponds to slower
tumor growth. B) Signal intensity v. treatment shows mice
tumor burden over a 5-week period.

[0018] FIGS. 6 A-6C illustrate CRAd-Survivin-pk7 NSCs
for ovarian cancer. (A) GEO Accession Viewer data showing
survivin (BIRCS gene ID: 202095 _s_at) expression in Cis-
platin-resistant patient tumors (185 samples) and 10 healthy
tissues (10 samples). (B) Analysis of GTExPortal data
available via Protein Atlas showing survivin expression 1n
various peritoneal tissues. Expression values are shown in
RPKM (reads per kilobase of transcript per million mapped
reads), calculated from a gene model in which 1soforms were
collapsed to a single gene. No other normalization steps
were applied. Boxplots show median and 25th and 75th
percentiles; points are displayed as outliers 1f they are
greater than or less than 1.5 times the interquartile range. (C)
Cbioportal Oncoprint compact visualization of mRNA
expression scores of three putative CRAd-Survivin-pk7
entry receptors in the 100 patient samples included in The
Cancer Genome Atlas serous ovarian cancer project that had
survivin amplification (311 patients total). Red indicates
amplification; blue indicates deep deletion. BIRCS, sur-
vivin; heparin sulfate proteoglycans: GPCI1, glypican 1;
HSPG2, perlecan; SDC1, Syndecan 1.

[0019] FIG. 7 1s an analysis of GTExPortal data showing
survivin expression in various organs and tissues ifrom
outside the peritoneum. Expression values are shown in
RPKM (reads per kilobase of transcript per million mapped
reads), calculated from a gene model 1n which 1soforms were
collapsed to a single gene. No other normalization steps
were applied. Box plots are shown as median and 25th and
75th; points are displayed as outliers 11 they are greater than
or less than 1.5 times the interquartile range.

[0020] FIGS. 8A-8E show CRAd-Survivin-pk7 NSC char-
acterization. (A) Flow cytometric quantification of hexon-
positive NSCs after transduction (MOI=30; 30 VP/infec-
tious unit [IFU]) with CRAd-Survivin-pk7 virus. Anti-hexon
samples: 99.76%+0.20% (+); 1sotype controls: 0.31%=0.
06% (+); unstained controls: 0.25%+0.05% (+). (B) Fluo-
rescent 1mage showing infected NSCs stained with fluores-
cein 1sothiocyanate (FITC)-conjugated anti-hexon and
counterstained with DAPI. Scale bar, 100 um. (C) PCR
quantification used to approximate viral load per NSC (644
VP/NSC). (D) Time-lapse bright-field images showing 1ni-
tial survival but eventual rounding and lysis due to viral
burst within NSC.CRAd-Survivin-pk7 cells (lower panels),
but not parental NSCs (upper panels). (E) Software-auto-
mated quantification of phase-object contluency 1n each well
demonstrating initial seeding and growth of NSC.CRAd-
Survivin-pk’/ cells peaking at 2 days post-transduction prior
to viral burst.

[0021] FIGS. 9A-9C show ovanan cancer lysis by CRAd-
Survivin-pk’7 NSCs. (A-B) CRAd-Survivin-pk7 NSCs co-
cultured 1n a 1:1 seeding ratio with 3 different cisplatin-
resistant ovarian tumor cell lines shows elimination of tumor
cells within 7 days as indicated by crystal violet stained
culture wells (A); and a decrease 1n total DNA content 1n
culture over 5 days (B). (C) Boyden migration assay com-
paring tropism of NSC-CRAd-Survivin-pk7 and NSCs to
ovarian cancer conditioned media vs. U87 (+,100”) and

BSA (-) control media.
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[0022] FIGS. 10A-10E show NSC-CRAd-Survivin-pk7
tropism to ovarian cancer. (A) Boyden migration assay

comparing tropism of NSC-CRAd-Survivin-pk7 and NSCs

with ovarian cancer conditioned media versus US7 (+,
“100”) and BSA (-) control media. (B and D) Organ plucks

3 weeks after tumor 1mnoculation showing ovarian metastases
(large white nodules) occupying omental tissue in both the
immunodeficient (B) and immunocompetent (D) mouse
models. (C and E) Dil-labeled NSCs (red) loaded with
CRAd-Survivin-pk’7 (vellow) were injected 1.p. into mice
with established EGFP ovarian metastases (green). NSC.

CRAd-Survivin-pk7 distribution 1s shown in both (C) xeno-
graft and (E) syngeneic metastatic ovarian cancer models.
Scale bars: 50 um (applies to both 1mage sets).

[0023] FIGS. 11A-11D show ovarian cancer lysis by
CRAd-Survivin-pk7 NSCs. NSC.CRAd-Survivin-pk’7 were

co-cultured at the indicated seeding ratios with the human
OVCARS (A and B) or mouse ID8 (C and D) ovarian tumor

cell line and cultured for 14 days. (A and C) The fold
increase 1n crystal violet absorption relative to day 1
(averagex=SD) 1s shown for both OVCARS (A) and IDS8 (C)

cocultures. (B and D) Representative brightfield images of

crystal wviolet-stained co-cultures are shown for both
OVCARS (B) and ID8 (D) co-cultures. Scale bar, 50 um.

[0024] FIGS. 12A-12D show that NSCs enhanced CRAd-
Survivin-pk’/ eflicacy. (A and B) NSC protects CRAd-
Survivin-pk’7 from adenovirus neutralization. (A) Blot
analysis assessing recognition of adenovirus antigens hexon,
penton base, and fiber by antibodies present 1n ascetic fluid.
Dilutions of purified CRAd-Survivin-pk’7 virus were sub-
jected to SDS-PAGE. Following semi-dry blotting and
blocking 1n non-fat milk, membranes were mcubated with
ascites pooled from three patients with ovarian cancer.
Bound antibodies were visualized using horseradish-peroxi-
dase-conjugated antihuman IgG secondary antibodies.
OVCARS human ovarian cancer cells served as a negative

control. (B) Neutralization of adenovirus infectivity by
ascites fluid. Two thousand OVCARS.EGFP.lluc cells/96-

well plate were co-cultured with either 2,000 NSC.CRAd-
Survivin-pk7 (2.5x107 pfu) for 5 days or free CRAd-Sur-
vivin-pk7 (2.5x10” pfu) for 3 days or NSC-CRAd-Survivin-
pk7 1n the presence of serial 2-fold dilutions of ascetic fluid
obtained from three different ovarian cancer patients. Ascitic
fluid was replaced after 24 hours with culture media. Data
are presented as average raw luminescent signal+SD. (C and
D) NSC improves CRAd-Survivin-pk7 delivery 1n vivo. (C)
qPCR quantification of increased adenoviral E1 A gene copy
number 1n mouse tumors treated with NSC.CRAd-Survivin-
pk7 (black bars) in comparison with free virus (gray bars) 1
day after administration. (D) Tumor volume was determined
by weighing the omentum (primary site of tumor formation)
alter three treatment rounds; each point indicates an indi-
vidual mouse. Data for (C) and (D) represent meantSEM.

[0025] FIGS. 13A-13C show CRAd-Survivin-pk7 NSCs
combination with cisplatin (1n vitro and flank model). (A)
Log-dose versus response plot showing normalized
OVCARRS.flluc viability after co-culture with decreasing
ratios of CRAd-Survivin-pk7 NSCs while undergoing con-
tinuous cisplatin exposure. (B) Chou-Talalay plot showing
log combinatorial mndex (CI) values: synergism (CI<1),
additive eflect (CI=1), and antagonism (CI>1). (C) Pilot
NSC.CRAd-Survivin-pk’/ eflicacy study in flank model.
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Average tumor doubling times (£SD) for OVCARS xeno-
grait-bearing mice that received the indicated treatments
(n=4 mice/group).

[0026] FIGS. 14A-14E show CRAd-Survivin-pk7 NSCs
combination with cisplatin (orthotopic model). (A) PCR
analysis for hexon (upper panel, indicates presence of virus)
and v-myc (center panel, indicates presence of NSCs) 1n
ovarian tumor metastases 1solated 2 days post-NSC.CRAd-
Survivin-pk’7 administration. GAPDH 1s shown as loading
control. (B and C) NSC.CRAd-Survivin-pk7 1s eflective
against orthotopic ovarian cancer. (B) Bioluminescence
images acquired on 11 days after tumor injection (post-
treatment 1) to visualize tumor burden (orthotopic NSG:
OVCARS model). (C) Quantitative representation of lumi-
nescent flux signal presented as the percent change 1n tumor
flux signal from 5 days after tumor injection (pre-treatment)
to 5 days after treatment round 1 (gray bars) and treatment
round 2 (black bars). Error bars represent the SD. (D)
Average percent change 1n mouse weight+SEM for each
treatment group. PBS (black), NSC-CRAd-Survivin-pk?7
(blue), cisplatin (green), combination (red). (E) Statistical
analysis of clinical observation score pairwise comparisons
acquired during treatment and 4 weeks afterward. Maximum
daily score reflects the worst toxicity each mouse experi-
enced after scoring for clinical symptoms, and early max
score represents the earliest day each mouse reached its
maximum daily score.

[0027] FIGS. 15A-15D show the comparison of survivin

expression levels 1 response to cisplatin treatment. Gene
Expression Omnibus Accession Viewer data showing sur-
vivin (BIRCS, gene ID: 202095_s_at) expression mn: (A)
cancer cells prepared from primary cultures of ovarian
papillary serous adenocarcinomas in response to cisplatin;
(B) A2780 ovarnan cancer cells 1n response to cisplatin; (C)
malignant ovarian cancer tumors obtained from 43 patients
receiving neo-adjuvant cisplatin therapy or not; and (D) 12
cisplatin-resistant and 16 cisplatin-sensitive high-grade
serous epithelial ovarian cancer samples. For all samples,
total RNA was analyzed by whole transcriptome profiling
using Affymetrix U133 Plus 2.0 arrays.*®

[0028] FIGS. 16A-16D show established clinical-grade
NSC.CRAd production and characterization SOPs. One
advantage of using an allogeneic clonal NSC line for onco-
viral delivery 1s that viral transduction (A, B) and lysis
kinetics (C) are highly reproducible. (A) Flow cytometric
quantification of hexon-positive NSCs after transduction
(MOI=50). (B) PCR quantification assay used to approxi-
mate viral load within NSCs transduced with CRAd-Sur-
vivin and CRAd-SPARC. Lysis and Tropism Kinetics (C-D).
(C) Software-automated quantification of phase-object con-
fluency 1n each well (average of 4 wells shown) demon-
strating 1mitial seeding and growth of NSCs (+/-CRAd
infection). (D) ICP-MS quantification of AuNR levels
within both ovarian metastases and IP lavage fluid over the
course of 72 hours after IP administration of 10° AuNR-

labeled NSCs into tumor-bearing nude mice.

[0029] FIGS. 17A-17B. FIG. 17 A shows that NSCs exhib-
ited tropism to glioma cells. FIG. 17B shows pre-clinical
glioma model with 1ron-labeled NSCs (MRI black; THC
blue).

[0030] FIGS. 18A-18C 1llustrate the rationale for CRAd-
SPARC and CRAd-survivin mn glioma. (A) SPARC and
Survivin gene expression in both normal and tumor tissue

obtained from GlioVis TCGA_GBM dataset. (B-C) Bright-
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field images from the Human Protein Atlas of human
ovarian tumor tissue stained with either (B) anti-survivin or

(C) ant1-SPARC antibodies.

[0031] FIGS. 19A-19B show murine (GL261) and human
(U251, PBTO017) glioma line treated with CRAd-Survivin or
CRAd-SPARC. 10,000 tumor cells were plated 24 hours
prior to virus treatments at MOI=10 and 1maged every 4
hours post-treatment for 5 days. (A) Representative bright-
field images after 4 days. (B) Normalized tumor cell quan-
tification over time. X-axis and legend apply to all graphs.

[0032] FIGS. 20A-20B. FIG. 20A shows that NSCs car-
ried virus across normal brain tissue to seed oncolytic virus
to 1nvasive tumor sites. FIG. 20B shows improved thera-
peutic eflicacy in an orthotopic xenograit model of glioma
when NSCs were delivering the CRAD-Survivin-pk7 virus
relative to free virus administration.

[0033] FIGS. 21A-21G show that IP-injected NSC.CRAds
demonstrated selective tumor tropism in metastatic ovarian
cancer models. (A) Ex vivo photographic and BLI of immu-
nodeficient OVCARS flluc/NSG and immunocompetent
ID8 . fluc/C57BL/6 ovarian cancer models. (B-C) Represen-
tative fluorescent 1images of peritoneal tumors harvested 24
hours after IP administration of NSCs (D1l labeled, red). (B)
2x10° parental NSCs demonstrate distribution in OVCARS.
c¢GFP.illuc (green), but not 1n adjacent normal kidney (vel-
low due to autofluorescence) in NSG mice. (C) 2x10°
NSC.CRAds demonstrate distribution in ID8.eGFP.flluc, but
not 1n intestine (white dotted line) in C37BL/6 mice. Scale
bars B=100 um, C=30 um. (D-G) NSCs were dual-labeled
with D1R and gold nanorods (AuNR) to track their distri-
bution following IP injection 1n mice with established peri-
toneal filuc-labeled ovarian tumors. (D) Live animal images
coniirm tumor co-localization of dual-labeled NSCs. (E-G)
Peritoneal tumors were harvested 1 hour and 24 hours after
dual-labeled NSC 1njections, then digested for inductively
coupled plasma mass spectrometry (ICP-MS) quantification
of AuNR levels within tumors. This unconventional quan-
tification method was chosen for its sensitivity and con-
firmed by flow cytometric analysis at the upper end of 1ts
dynamic range. (E) AuNR content from all tumors was
combined and represented as a percentage of injected dose.
(F) Number of NSCs present 1n individual tumors, calcu-
lated by dividing the AuNR content 1n each tumor by the
AuNR content/NSC ratio. (G) AulNR content 1n IP tumors,
presented according to the organs from which they were
harvested.

[0034] FIGS. 22A-22E show IP NSC.CRAds distribution
to peritumoral stroma. (A-B) Brightfield images from the
Human Protein Atlas of human ovarian tumor tissue stained
with either (A) anti-survivin or (B) anti-SPARC antibodies.
(C-D) NSCs (Dil-labeled, red) were imjected IP 1n OVCARS.
¢GFP.illuc (green) tumor-bearing nude mice, harvested 24
hours later, and individual metastatic lesions sectioned all
the way through. Every 20th section was stamned and
imaged. (C) Representative tiled fluorescence microscopy
image. (D) 3D reconstruction software was used to compile
a z-stack rendering of the NSC distribution throughout the
entire metastatic lesion. (E) NSCs labeled with AulNRs
(visibly black) were 1mjected IP in OVCARS8-bearing nude
mice and harvested 24 h later. Photographs of both omental
and mesenteric tumor were taken to demonstrate the pres-
ence ol black NSCs at the stroma surrounding each meta-
static tumor nodule.
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[0035] FIGS. 23A-23B show murine (ID8) and human
ovarltan (OVCARS, SKOV3) lines treated with CRAd-
Survivin or CRAd-SPARC. 10,000 tumor cells were plated
24 hours prior to virus treatments at MOI=10 and imaged
every 4 hours post-treatment for 5 days. (A) Representative
brightfield images after 4 days. (B) Normalized tumor cell
quantification over time. X-axis and legend apply to all
graphs.

[0036] FIGS. 24A-24C show the 1n vivo eflicacy of NSC.
CRAds 1 pre-immunized mouse models. Mice were pre-
immunized with two prior weekly treatments of free CRAd
or NSC.CRAds respectively. Peritoneal metastases were
established 1n mice 3 weeks prior to treatment. Tumor
engraitment was confirmed by BLI. (A) Normalized viral
load 1njected and 1in tumor with respect to PBS. (B) Omental
tumor weight was determined after 3 rounds of treatment
with free CRAd-Survivin or NSC.CRAd-Survivin; each
point indicates an mndividual mouse. (C) Ascites volume was
determined after 3 rounds of treatment with free CRAd-
SPARC or NSC.CRAdJ-SPARC; each point indicates an
individual mouse.

DETAILED DESCRIPTION

[0037] Methods for treating cancer using tropic cells (e.g.,
stem cells or neural stem cells (NSCs)) 1n combination with
an oncolytic adenovirus or using tropic cells such as NSCs
that carry a modified oncolytic virus expressing one or more
immune system checkpoint inhibitors are provided herein.
Such methods may be used to treat any cancer or tumor cell
type mcluding, but not limited to those related to primary,
recurrent, and metastatic brain cancer, breast cancer, head
and neck cancer, bladder cancer, ovarian cancer, uterine
cancer, prostate cancer, skin cancer, lung cancer, and col-
orectal cancer. In some embodiments, the cancer 1s an
intraperitoneal cancer capable of being treated via intrap-
eritoneal (IP) injection including but not limited to, perito-
neal cancer, ovarian cancer, bladder cancer, pancreatic can-
cer, colorectal cancer, gastric cancer, and liver cancer. In
some embodiments, the cancer 1s brain cancer. In some
embodiments, the cancer 1s a metastatic cancer.

[0038] Oncolytic virotherapy 1s a promising novel
approach that can induce cancer cell death irrespective of
radio- or chemoresistance, and also stimulate immune sys-
tem recognition of cancer cells by exposing tumor antigens
upon lysis. Although clinical trials to date have demon-
strated safety, the eflicacy of this approach has been limited
by delivery hurdles including rapid inactivation by the
immune system, poor viral penetration of tumors, and an
inability of the virus to eflectively reach invasive metastatic
foci separated by normal tissue. Inherently tumor-tropic
NSCs have the ability to penetration metastases, making,
them an 1deal cell carrier to overcome these hurdles. In
particular, the clonal human NSC line used in this disclo-
sure, HB1.F3.CD21, enables reproducible viral loading,
non-immunogenicity, and chromosomal stability, with dem-
onstrated clinical safety in first-in-human brain tumor trials.
NSC distribution to peritoneal ovarian metastases was pre-
viously reported in an mmmunodeficient model. Demon-
strated 1n this disclosure 1s NSC distribution to intraperito-
neal (IP) ID8.Renilla.eGFP ovarian cancer metastases in a
(C59131/6 immunocompetent mouse model. Their ability to
provide protection from immune-mediated viral clearance
and neutralization while selectively delivering oncolytic
viruses to ovarian tumor foci 1s assessed.
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[0039] In some embodiments, the oncolytic virus belongs
to adenovirus subtype 5 (AdJS). In some embodiments, the
oncolytic virus 1s a conditionally replicating adenovirus
(CRAd). The oncolytic virus can replicate under the control
of different promoters such as survivin promoter, which 1s
highly expressed only 1n a subpopulation of tumor cells, and
the Secreted Protein Acidic Rich i Cysteine (SPARC)
promoter, which 1s overexpressed 1n both tumor and tumor-
associated stromal cells. Selecting different promoters can
optimize the level of expression i different types of cells,
thereby to target different types ol cancer or cancer micro-
environment. Moreover, the adenovirus 1s modified by
including different virus fibers such as pk7 and pk3/35, which
determine which cells the virus can enter.

[0040] In some embodiments, the oncolytic adenovirus 1s
AR2011. In some embodiments, AR2011 replicates under
the control of SPARC promoter. In some embodiments, the

virus 1s a CRAd driven by the surviving promoter such as
CRAd-Survivin-pk7 or a CRAd driven by the SPARC

promoter such as CRAd-SPARC-pk3/5 and CRAd-SPARC-
pk7. In some embodiments, the CRAds disclosed herein
further comprises enhancer elements that facilitate viral
replication 1n response to hypoxia and inflammation, which
are conditions commonly present in tumor microenviron-
ments.

[0041] In some embodiments, the oncolytic adenovirus
used heremn, AR2011, replicates under the control of the
Secreted Protein Acidic Rich i Cysteine (SPARC) pro-
moter. SPARC 1s overexpressed not only 1 tumor cells, but
also 1n tumor-associated stroma, enabling eflicient viral
spread throughout the tumor and its microenvironment.
AR2011 also contains enhancer elements that respond to
tumor conditions of hypoxia and inflammation. Significant
tumor killing of ID8 ovarian cancer cells was observed in
vitro after 5 days of co-culture with NSC AR2011 (at a ratio
of 1000:1). NSCs also protected the oncolytic activity of
AR2011 when cultured in the presence of ovarian cancer
patient ascites fluid, which was confirmed to have neutral-
1zing antibodies against adenovirus. For 1n vivo NSC bio-
distribution studies, NSC.gtracker 605, or NSC.gtracker 655
were 1njected IP. Two days later, 3D block-face cryo-images
of harvested mice were created to visualize NSC biodistri-
bution. For oncoviral efficacy studies, 5x10° of either NSC.
AR2011 or free AR2011 were administered IP weekly for 3
weeks, with cisplatin and no treatment controls, and fol-
lowed for long-term survival, monitoring tumor progression
with serial BLI. In vivo results demonstrate IP NSC.AR2011
seeding of virus at the majority of established ovarian tumor
metastases. Viral distribution was confirmed via IHC and
qPCR. Comparative 1n vivo eflicacy studies are performed
with and without a PD-L1 checkpoint inhibitor to potentially
enhance the oncolytic virotherapy with an additional
immune component. NCS-mediated AR2011 treatment with
or without PD-L1 antibody to improve long-term survival as
compared to standard of care chemotherapy regimens, with-
out the associated ofl-target toxicities. The combination of
NSCs and the oncolytic virus can be used to treat subjects
suflering from ovarian cancer, particularly stage III ovarian
cancer.

[0042] The cancer therapy disclosed herein helps the
immune system recognize a particular type of tumor cells
through mhibition of the mechanism that helped tumor cells
hide from the immune system. By packaging this therapeutic
approach in a tumor specific manner, the typical develop-
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ment of autoimmune disorders associated with antibody
therapy strategies can be avoided. This 1s achieved by
preventing shRNA delivery into normal tissue, as the NSC
virotherapy disclosed herein does not invade normal tissue.
Thus, this novel approach prevents potential autoimmunity
caused by other available checkpoint inhibition therapy

(Chen et al., 20135).

[0043] The method disclosed herein entails combining
oncolytic virotherapy with immune modulation as a dual
modality form of therapy against cancer, particularly meta-
static cancer, e.g., metastatic ovarian cancer. In some
embodiments, CRAd-Survivin-pk7 adenovirus 1s armed to
express shRNA against PD-L1 (adaptive immunity check-
point) and CD47 (innate immunity checkpoint) both indi-
vidually and in combination. These immunomodulatory
viruses are packaged into NSCs such as Karen Aboody’s
GMP grade human neural stem cells (hNSCs) for delivery to
metastatic tumor sites via intraperitoneal (IP) injection.
PD-L1 and CD47 shRNA expressing virotherapy delivered
by NSCs IP 1s mtended for tumor clearance of metastatic
ovarian cancer. This form of combination therapy has the
potential to lead to improved clinical outcome for metastatic
ovarian cancer patients. Prognosis with standard therapy 1s
at a 30% 3S-year survival rate with debilitating side-eflects
that often lead patients to have to abandon treatment all
together (Jemal et al., 2008; L1 et al., 2012; and Cannistra,
2004). Not only 1s this method applicable to metastatic
ovarian cancer, but also, other intraperitoneal cancers. Viro-
therapy addresses the hurdle of chemo resistant cancers no
longer responding to standard treatment. However, this
therapy has 1ts own hurdles due to neutralizing antibodies
from the immune system and poor delivery into distant
metastatic tumor sites and the potential for toxicity from the
virus itself (Mader et al., 2009). These hurdles can be
overcome by using NSCs to deliver the virus, protecting 1t
from the antibodies, and distributing it to all tumor sites.
NSC virotherapy alone does not appear to clear tumor but
only prevents tumor progression.

[0044] This combined form of therapy helps the immune
system recognize tumor cells through shRNA inhibition of
immune checkpoints expressed on tumor cells only by
delivering the shRNA within the NSC virotherapy. This
novel approach prevents potential autoimmunity caused by
other available checkpoint inhibition therapy (Chen et al.,
2013). This 1s achieved by preventing shRINA delivery into
normal tissue, as the NSC virotherapy disclosed herein does
not invade normal tissue. The potential for clinical impact
goes beyond metastatic ovarian cancer and can be a safer,
more effective standard of therapy for many forms of cancer.

[0045] HBI1.F3.CD Neural Stem Cells (NSCs) exhibit
inherent tropism to cancer including primary and metastatic
tumor cells. NSC tropism can be exploited to selectively
deliver therapeutic agents to tumor sites. For example, NSCs
expressing cytosine deaminase (CD) have been used 1n the
treatment of human glioblastoma brain cancer patients.
NSCs expressing CRAd-Survivin-pk7 adenovirus have been
used in the treatment of glioblastoma brain cancers in
pre-clinical amimal studies. Disclosed herein are HB1.F3.CD
NSCs carrying CRAd-Survivin-pk’7 adenovirus in turn car-
rying one or more shRNA constructs to specifically infect
tumor cells 1 turn causing the targeted tumor cells to
express shRINA against PD-L1 (adaptive immunity check-
point) and/or shRNA against CD47 (innate immunity check-
point). These novel NSCs delivering one or more checkpoint
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inhibitors can be used as a combination therapy injected
intraperitoneally in the treatment of metastatic ovarian can-
cer. This novel combination therapy (1) protects the viruses
from being rendered ineflective by naturally occurring neu-
tralizing antibodies, (2) ensures eflective targeting of all
tumor sites, and (3) prevents undesired off target eflects
including toxicity due to autoirmmune eflects. This novel
combination therapy will enable the immune system to
recognize and destroy cancer tumor cells.

[0046] Conditionally replication-competent oncolytic
virotherapy offers a new, highly promising approach for
treating cancer such as ovarian cancer. Once seeded 1nto the
tumor, the oncolytic virus (OV) can selectively replicate in
tumor cells to destroy them 1n situ via direct lysis (Jemal et
al., 2008). The lysed cells free additional OV particles that
will continue to infect neighboring tumor cells, amplifying
their anti-neoplastic eflect until normal tissue 1s reached,
which causes OV replication to cease (Mader et al., 2009).
Important for treating cancers that develop chemo-resis-
tance, OVs can be engineered to exploit common mecha-
nisms ol resistance (Hartkopi et al., 2012), and can also
stimulate immune recognition of cancer cells (Ahmed et al.,
2013), due to exposure of tumor antigens upon apoptosis/
lysis. Clinical trials have demonstrated the safety of OVs
(Heise et al., 2000), but eflicacy of this approach has been
limited by immune 1nactivation that 1s induced shortly after
injection (Ahmed et al., 2013).

[0047] CRAdJds have naturally evolved to be the preferred
sate-harbors of immunologically cold tumor micro-environ-
ment, and are further genetically engineered to be both
transductionally and transcriptionally tumor selective.
Oncolytic viruses have the ability to mnduce oncolytic (1m-
munogenic) cancer cell death irrespective of radio- or
chemo-resistance and therefore, are eflective on recurrent
tumors. Oncolytic viruses also can stimulate secondary
immune response by the release of pathogen-associated
molecular patterns (PAMPs), damage-associate molecular
patterns (DAMPs), and tumor-associated antigens (TAAs).
However, there are hurdles 1n oncolytic virus (Ad5) delivery.
For example, methcient tumor localization due to rapid
clearance from the IP cavity and immune inactivation by
blood cells, complements (e.g. higher athnity for human
coagulation factor X), antibodies, antiviral cytokines, and
nonspecific uptake by tissue-resident macrophages (e.g.
Kuppier cells of the liver); ineflicient tumor transduction
due to reliance entry receptors (coxsackievirus and adeno-
virus receptors; CAR) expressed at low levels on ovarian
cancer cells and downregulated on glioma cells; and poor
viral spread throughout the dense tumor stroma and the
tumor microenvironment.

[0048] This disclosure demonstrates that improved treat-
ment outcomes are possible if the suppressive immune
iactivation of OV can be mitigated. OV cargo can be
protected from neutralizing antibodies by employing a cell-
delivery vehicle (HB1.F3.CD tumor-tropic neural stem cells
(NSCs)), and the OV 1tself can be armed with shRNA
against immune checkpoints PD-LL1 and CD47/, so that T
cells are better able to recognize tumor antigens. T

This 1s
consistent with recent literature showing chemotherapy
induces adaptive (PD-L1) and 1mnnate (CD47) immune regu-
lators (Casey et al., 2016). Blocking their function using
systemically administered small molecule drugs has allowed
more effective anti-tumor 1immune responses, and has thus
generated much excitement (Duraiswamy et al., 2013; and
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Gaillard et al., 2016). However, immune markers are also
present on normal tissues, and systemic inhibition can lead
to autoimmune disorders (Kong et al., 2014; Willingham et
al., 2012; and Chen et al., 2015). Therefore, blocking their
expression with an OV that 1s targeted specifically to tumor
cells can eliminate these undesirable side-eflects. While any
OV can be used, disclosed herein as an example 1s a
CRAd-Survivin-pk7 oncolytic adenovirus, which 1s replica-
tion-competent only 1n cells that over-express the survivin
gene. Survivin 1s over-expressed m 73% of ovarian cancer
patients but not in normal cells; therefore, this promoter
allords tumor selectivity (Sah et al., 2006; Liguang et al.,
2007). The therapeutic OV 1s further protected from neu-
tralizing antibodies using the clinically safe, tumor-tropic
HB1.F3.CD NSC line. The preliminary data shows this NSC
line demonstrates remarkable tropism for ovarian metasta-
ses, even when loaded with an OV. Accordingly, an 1nno-
vative therapy that improves clinical outcomes for patients
suflering from metastatic cancer, such as metastatic ovarian
cancer, can be developed.

[0049] Despite decades of research efforts, ovarian cancer
continues to be the most lethal of gynecologic malignancies:
Every day, 60 American women are diagnosed with ovarian
cancer, (equating to nearly 22,000 per year) (Cannistra,
2004). This cancer has an exceptionally high mortality rate,
largely because the majority (73%) of patients present at an
advanced stage (stage III), with widespread metastatic dis-
case within the peritoneal cavity (Jemal et al., 2008; and L1
et al., 2012). The median overall survival for these patients
1s less than three years following standard treatment of
intravenous or intraperitoneal (IP) administered combina-
tion chemotherapy (e.g., cisplatin and paclitaxel) (Vasey et
al., 2002) with or without surgical debulking. Quality of life
for patients undergoing chemotherapy 1s poor, and associ-
ated with such debilitating toxic side eflects that most
patients are unable to complete their treatment due to severe
abdominal pain, nausea, and vomiting (Douglas et al., 2001;
and Ulasov et al., 2007). The majority of women will
develop chemo-resistance and succumb to their disease
within a few years. This sobering clinical scenario under-
scores an urgent critical need for new, more eflective thera-
pies that can improve both quality of life and treatment
outcomes for patients with drug refractory ovarian cancer.
Disclosed herein 1s a method to improve ovarian cancer
treatment options. This treatment combines the clinically
relevant and safe tumor-tropic neural stem cell (INSC) line
(e.g., HB1.F3.CD) with an oncolytic adenovirus (e.g.,
CRAd-Survivin-pk7) that 1s engineered to simultaneously:
1) replicate specifically 1n ovarian tumors that are most
resistant to chemotherapy; and 2) overcome tumor-cell
mediated immunosupression (see FIG. 1).

[0050] The cancer therapy disclosed herein 1s significant
because 1t has the potential to both increase long-term
survival for stage III ovarian cancer patients and reduce
toxicities associated with current therapies for ovarian can-
cer. The proposed CRAd-Survivin-pk7 NSCs can serve as an
cllective stand-alone and/or adjuvant treatment that
increases therapeutic index of current chemotherapeutic
regimens. The expected improvement 1n patients’ quality of
life 1n addition to longevity 1s significant. Furthermore,
although the disclosed cancer therapy uses ovarian metas-
tases as an example, the platform 1s applicable for other
types of peritoneal carcinomas, regardless of their anatomi-
cal onigin. Additionally, this platform can also improve
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outcomes for other peripheral metastatic tumors that over-
express survivin (e.g., breast and lung cancers) which are
responsible for 1 out of 4 cancer-related deaths.

[0051] In some embodiments, disclosed herein 1s a cancer
therapy that will benefit women who have already developed

chemo-resistance, 1n which survivin, PD-L.1 and CD47 are
up-regulated (Willingham et al., 2012; Chen et al., 2015;

Mittal et al., 2013; Okazaki et al., 2007; and Zitvogel et al.,
2012). NSCs are used to deliver an oncolytic virus engi-
neered to replicate under the control of the survivin pro-
moter and to express shRINA against specific immune check-
point regulators. Programmed death ligand 1 (PD-L1) and
CD47 immune checkpoints are targeted both individually
and in combination. PD-L1 1s an adaptive immune regulator
that when up-regulated leads to inhibition of T cell prolii-
eration, survival and eflector functions (Okazaki et al.,
2007). CD47 1s an mnate immune regulator expressed on
native host cells, which binds to SIRPo. and prevents phago-
cytosis by macrophages and dendntic cells (Willingham
2012). Both are upregulated 1n ovarian cancer, preventing an
cllective anti-tumor immune response (Casey et al., 2016).
However, both are also expressed in normal tissues and
systemic therapies to mnhibit them can lead to autoimmune
disorders (Casey et al., 2016; and Kong et al., 2014). The
development of autoommune diseases such as colitis, type 1
diabetes, hypophysitis, and thyroid dysfunction, among oth-
ers, 1s commonly see with systemic immune checkpoint
inhibition therapies (Kong et al., 2014; Ansari et al., 2003;
and Joshi et al., 2016). Tumor selective NSC-OV delivery of
shRNAs against PD-L.1 and CD47 ensures 1inhibition only 1n
tumor cells and not in normal cells, limiting autoimmune
reactions. This dual-modality therapy 1s innovative, as using
virus to deliver a therapeutic such as siRNA or shRINA 1s
usually done with viral vectors, in which the virus 1itself no
longer has a function, except as a vessel for delivery
(Nayerossadat et al., 2012). The cancer therapy disclosed
herein not only induces an immune response by blocking the
expression of these immune checkpoints, but also allows the
functional OV to replicate and achieve cell lysis.

[0052] Insome embodiments, disclosed herein 1s a method
of treating ovarian cancer. Although 1t was previously dem-
onstrated that the HB1.F3.CD cell line can improve adeno-
virus delivery within the brain, it was not yet clear whether
this approach would work 1n the peritoneal setting, which 1s
less immune-privileged than the brain. As demonstrated 1n
the working examples, the clinical-equivalent research lot of
NSC.CRAd-Survivin-pk7 already developed for a glioma
clinical trial (ClinicalTrals.gov: NCT03072134) was used
to show that this well-characterized cell line can not only
protect the CRAd-Survivin-pk7 from pre-existing neutral-
1zing antibodies present 1n patient ascites, but also improve
CRAd-Survivin-pk7 delivery and anti-tumor eflicacy 1n
orthotopic mouse models. This result 1s consistent with
another study showing that MSCs carrying measles virus
can home to ovarian tumor xenografts in passively immu-
nized athymic mice and lead to a superior therapeutic
outcome compared with virus alone.®”

[0053] Also demonstrated in the working example 1s that
NSC.CRAd-Survivin-pk’/, in both the flank and the ortho-
topic settings, 1s as eflective at slowing tumor progression as
4 mg/kg/week cisplatin (equivalent to human clinical dose),
but without the measurable toxicities associated with this
chemotherapeutic, including dose-dependent renal tubule
toxicity and neurotoxicity.®" Although the negligible toxicity
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due to NSC.CRAd-Survivin-pk7 observed 1n the study may
simply be because of poor infection of mouse tissues by
human adenovirus, it 1s also consistent with clinical trial data
reported to date. Of the 11 oncolytic viruses that have been
tested in preclinical human ovarian cancer models, 4 have
been tested 1n 9 different phase I/II clinical trials. Although
these clinical trials are still 1n early stages, they have all
established the safety and nontoxicity of oncolytic virus-
based approaches. In direct contrast with trials testing tra-
ditional chemotherapies, not a single oncolytic virus trial has
established a maximum tolerated dose because toxicities are
sO low.
[0054] Surprisingly, the working examples demonstrated
significant synergy for the CR Ad-Survivin-pk7 and cisplatin
combination 1n vitro, and confirmed the ability of this
combination treatment to reduce tumor burden 1n both flank
and orthotopic immunocompromised mice. This result 1s
significant because including NSC.CRAd-Survivn-pk7 as an
adjuvant treatment could increase the therapeutic index of
cisplatin. RT-PCR analysis of survivin expression 1n
OVCARS8 and SKOV3 cell lines treated with cisplatin
demonstrated that surviving expression did not significantly
increase after up to 2 days of cisplatin exposure (data not
shown). This result 1s consistent with bioinformatics analy-
s1s of GEO Accession Viewer data on patient tumors show-
ing no reliable increase 1n survivin expression after patient
tumors become cisplatin resistant (FIGS. 15A-15D).
[0055] Thus, this disclosure provides the first demonstra-
tion of the strong potential for oncoviral delivery using an
ofl-the-shelf allogeneic cell line. Furthermore, disclosed
erein 1s that the CRAd-Survivin-pk’7 oncolytic adenovirus
has 1impressive anti-tumor activity against stage III ovarian
cancer, on par with results observed using the gold standard
treatment, cisplatin. The working examples demonstrated
the potential of combining cisplatin with NSC.CRAd-Sur-
vivin-pk7 to result in increased tumor killing than 1s possible
with cisplatin alone. Upon further preclinical development
using preimmunized immunocompetent mouse models, this
system can be used to improve the delivery of therapeutic
oncolytic adenoviruses within the peritoneal cavity.

CRAd-Survivin-pk’/

[0056] More than 20 oncolytic viruses have been devel-
oped so far, and 11 have been tested 1n pre-clinical human
ovarian cancer models (L1 et al., 2012). To date, 4 of these
11 viruses have been tested 1n nine clinical trials (L1 et al.,
2012) that have all established the safety/non-toxicity of this
approach (Jemal et al., 2008). In direct contrast to trials
testing traditional chemotherapies, not a single oncolytic
virus trial has established a maximum tolerated dose because
toxicities are so low (L1 et al., 2012). Although this dem-
onstrates the safety of an oncolytic virotherapy approach, the
challenge now 1s to achieve eflicacy. The best clinical results
so far have been observed with CRAdS viruses, as based on
the highest percentage of patients achieving stable disease,
and at least 2 patients experiencing at least a partial response
(Pesonen et al., 2011). For this reason, a particular CRAd
virus engineered for eflicacy against ovarian cancer 1s used
herein as an example. As shown 1n FIGS. 2A and 2B, a novel
CRAJ virus 1s modified to replicate under the control of the
survivin promoter (Ulasov et al., 2007), a protein that 1s
selectively upregulated in about 6% of ovarian cancer
patients prior to chemotherapy, but becomes upregulated in
more than 85% of ovarian cancer patients that have devel-
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oped chemo-resistance and are no longer responsive to
chemotherapy (Nwanegbo et al., 2004). Alternatively, the
CRAJ virus 1s modified to be placed under the control of the
SPARC promoter. This virus can be edited further to add the
coding sequence of shRNAs against PD-L1 and CD47.

CRAd-SPARC-pk3/5

[0057] Previous studies showed that neural stem cells
(NSCs) have inherent tropism to tumors, making them an
ideal delivery vehicle. The NSC-delivered adenovirus,
CRAd-Sunivin-pk’/, 1s protected from rapid immune-medi-
ated clearance and neutralization, resulting 1n more effective
distribution to tumors compared to free virus. This result
was observed 1n immunodeficient and 1immunocompetent
murine models of peritoneal ovarian metastases and ortho-
topic glioma. However, the therapeutic eflicacy of the virus
1s lmmited by the survivin promoter, which 1s highly
expressed only 1n a subpopulation of tumor cells. In contrast,
CRAd-SPARC-pk3/5 replicates under the SPARC promoter,
which 1s overexpressed 1n both tumor and tumor-associated
stromal cells. In addition, CRAd-SPARC-pk3/5 contains
enhancer elements that facilitate viral replication in response
to hypoxia and inflammation, conditions commonly present
in tumor microenvironments. Therefore, by targeting both
the tumor and the tumor microenvironment, CRAd-SPARC-
pk3/5 1s more eflicacious 1n certain cancer types, compared

to CRAd-Surivin-pk7.

[0058] To compare the relative potencies of the same virus
replicating under two different promoters, a fiber knob
modification was performed on CRAdA-SPARC-pk3/5 to
create CRAd-SPARC-pk7. As demonstrated 1n the working
examples, the viral uptake and lysis kinetics of NSCs
carrying CRAd-SPARC-pk7 were optimized. CRAd-
SPARC-pk7 was first examined in vitro using multiple
murine and human glioma and ovarian tumor cell lines.
Results demonstrated robust infection and significant tumor
killing. In vivo ethicacy studies are performed to compare
NSC.CRAd-Survivin-pk7 vs. NSC.CRAd-SPARC-pk7 1n
immunodeficient and immunocompetent murine orthotopic
tumor models. Thus far, it has been observed that the NSC
delivery of CRAd-SPARC-pk7 increased viral distribution
and spread 1n tumors, tumor-associated stroma, and the
tumor microenvironment. Ongoing experiments are carried
out to demonstrate improved anti-tumor eflicacy of CRAd-
SPARC-pk7, resulting in prolonged long-term survival. The
addition of immune checkpoint inhibitors can result 1n
potential therapeutic enhancement. Thus, NSC-delivered
CRAd-SPARC-pk7 can be used as an adjunct to standard

regimens for the treatment of brain and ovarian cancers.

Neural Stem Cell (NSC)-Mediated OV Delivery

[0059] Insome embodiments, the disclosed cancer therapy
can ofler a “one-shot” cure, with the viral particles ampli-
tying their anti-neoplastic effect until normal tissue 1is
reached (Kim et al., 2013). The viral particles are susceptible
to rapid mactivation and clearance before they are able to
infect tumor cells, especially when administered in the
peritoneal cavity (Joshi et al., 2016). To overcome this
hurdle, protective viral delivery vehicles including passive
nanoparticles or tumor-tropic stem cells are developed. So
far, cell-mediated delivery of oncolytic viruses 1s the
approach generating the most exciting results. For example,
it was recently demonstrated in a peritoneal ovarian cancer
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model that an MSC cell delivery vehicle could enhance the
ellicacy of an oncolytic measles virus 1 pre-immunized
mice from non-significant to double that of saline controls
(Mader et al., 2013). Furthermore, 1t was demonstrated that
HB1.F3.CD NSCs mherently express low levels of MHC
Class I antigens and undetectable levels of MHC Class 11
antigens. They not only avoid stimulating T cells 1n a
well-established 1mmune tolerance assay called the mixed
lymphocyte reaction (FIG. 3A) (Mickelson et al., 1996).
This assay will be also used to confirm enhanced 1mmuno-
genicity of tumor cells after treatment with immunomodu-
latory CRAd constructs. It was also demonstrated that these
immunoprotective NSCs improved viral load, distribution,
safety and long-term survival as compared to {ree virus in an
orthotopic model of another tumor type that overexpresses
survivin, glioma (Ahmed et al., 2013). While CRAd-Sur-
vivin-pk7 has never been tested for eflicacy against ovarian
cancer, strong preclinical data in orthotopic models of
ovarian cancer shows that NSCs exhibit remarkable tropism
to ovarian cancer metastases, even when loaded with a virus
(FIG. 3F). Furthermore, NSCs are advantageous over
patient-derived MSCs because they are scalable, demon-
strate superior chromosomal stability, and exhibit consistent,

predictable transduction efliciencies (Aboody et al., 2000;
and Power et al., 2007).

Combinational Therapy

[0060] The NSC-mediated oncolytic virus delivery can be
used 1n combination with surgery, immunotherapy, radio-
therapy, and/or chemotherapy to obtain improved or syner-
gistic therapeutic eflects. For example, surgery, chemo-
therapy, radiotherapy, and/or immunotherapy can be
performed or administered before, during, or after the NSC-
oncolytic virus administration. In particular, surgery, che-
motherapy, radiotherapy, and/or immunotherapy can be per-
formed or administered after the NSC-oncolytic virus
administration. As one of ordinary skill in the art would
understand, the chemotherapy, immunotherapy, radio-
therapy, and/or the NSC-oncolytic virus therapy can be
administered to a subject 1n need one or more times at the
same or different doses, depending on the diagnosis and
prognosis of the cancer. One skilled 1n the art would be able
to combine one or more of these therapies 1n different orders
to achieve the desired therapeutic results. For example, the
working examples demonstrate that the combination of
NSC-oncolytic virus and a chemotherapeutic agent, cispla-
tin, achieved synergist eflects. Depending on the cancer
type, various chemotherapeutic agents can be selected for
use 1n combination with the NSC-oncolytic virus disclosed
herein.

[0061] Additionally, one or more immune checkpoint
inhibitors can be administered to the subject before, during,
or after administration of the NSCs and the oncolytic
adenovirus. For example, the NSCs disclosed herein can be
packaged with one or more immunomodulatory viruses
expressing one or more immunity checkpoint inhibitors. The
one or more immune checkpoint inhibitors include but are
not limited to inhibitors for B7-1, B7-2, PD-1, PD-L1,
PD-L2, CTLA-4, CD40, CD40L, CD47, CD48, (CD244,
CDR80, CD86, CD155, IDO, CDK-12, Galectin-9, LAG-3,
TIM-3, VISTA, TIGIT, SIRPc. The inhibitors can be small
molecules, antibodies, minibodies, diabodies, triabodies,
nanobodies, single domain antibodies. For example, a

PD-L1 inhibitor such as a PD-L1 antibody or an shRNA
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against PD-L.1 can be used. Alternatively, the inhibitors can
be 1nactive “bait” proteins which compete to bind and
displace checkpoint receptors, their ligands, and signaling
molecules such as SIRPc.

[0062] The following examples are intended to 1illustrate
various embodiments of the invention. As such, the specific
embodiments discussed are not to be construed as limita-
tions on the scope of the invention. It will be apparent to one
skilled 1n the art that various equivalents, changes, and
modifications may be made without departing from the
scope of invention, and 1t 1s understood that such equivalent
embodiments are to be included herein. Further, all refer-
ences cited in the disclosure are hereby incorporated by
reference 1n their entirety, as 1f fully set forth herein.

EXAMPLES

Example 1

Generate CRAd-Survivin-pk7 Constructs That
Express shRNA Against Immune Checkpoints

[0063] A series of modified virus expressing commercially
available PD-L1 shRNA, CD47 shRNA are developed.
These can be transduced ito NSCs individually and 1n
combination and tested 1n vitro and using a bilateral tlank
mouse model. The ability of the new immunomodulatory
oncolytic virus to inhibit tumor immunosuppression and
allow for an anti-tumor 1mmune response 1s shown.

[0064] The preliminary studies demonstrate that injection
of CRAd-Survivin-pk7 NSCs into immunodeficient mice
leads to slowed tumor growth, but not to tumor regression.
It remains unknown whether tumor regression 1s possible
when this treatment 1s applied 1n the context of a functional
immune system. The basal level of immune-stimulation
alter CRAd-Survivin-pk7 NSC treatment 1s characterized,
and a candidate immunomodulatory CRAd-Survivin-pk7/
constructs that will maximize the potential for this OV
treatment to trigger an effective anti-tumor immune response
1s Tabricated. It 1s demonstrated that tumor-specific suppres-
sion of PD-L1 and CD47 can result 1n a robust anti-tumor
immune response. This will be assessed in vitro using
degranulation assays, and in vivo using a bilateral tlank
tumor assay in immunocompetent mouse models. Thus, 1t 1s
established that CRAd-Survivin-pk7 1s able to trigger a
systemic immune response. This example contributes new,
fundamental data regarding the immunomodulatory poten-
tial of CRAd-Survivin-pk’7 and a strategy to overcome any
observed suppression.

[0065] Experimental design: 1.1 Edit CRAd-Survivin-pk’7/
DNA with immunomodulatory shRNA: A series of shRINA
containing viral vectors will be generated by homologous
recombination to mtroduce shRNA sequences (see Table 1)
into the parental CRAd-Survivin-pk7 genome (Zhu et al.,
2004). These shRNA sequences were obtained commer-
cially and were accompanied by a scrambled shRNA control
sequence. Purified viral constructs can then be used to infect
HEK 293 packaging cells and shRNA integration in 1ndi-
vidual plaques can be verified by PCR. Successtul viral
constructs can then be amplified 1n A549 cells, followed by
cesium-gradient purification. Lastly, tumor cell lines can be
transduced with corresponding shRNA CRAd-constructs
(see Table 1) for 24 hours, then CD47 and PD-L1 suppres-
sion can be confirmed via western blot analysis accompa-
nied by band density analysis. Positive controls in which
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protein suppression 1s achieved with pharmacological
inhibitors to PD-L1 (atezolizumab) and CD47 (anti-CD47
blocking antibody) can also be performed. Fach entry in
Table 1 carries a diflerent shRNA that can be used depending
on the model and target.

TABLE 1

List of available shRNA containing retroviral vectors to be used.

Target Model Company SKU

Human CD47 SKOV3/OVCARSY/ OriGene TR305509
Humanized mice

Mouse CD47 ID&/syngeneic mouse OriGene TEF501123

Human PD-L1 SKOV3/OVCARSY/ OriGene TG314098
Humanized mice

Mouse PD-L1 ID&/syngeneic mouse OriGene TR503436

[0066] 1.2 Confirm unimpaired oncolytic activity of

shRINA viral constructs: NSCs can be transduced with each
viral construct (MOI=30, 2 hour), then co-cultured with
ovarian tumor cell lines (OVCARS, SKOV3 and IDS8) at
decreasing NSC:tumor cell ratios. On day 0, 1, 3, 7, and 14,
cultures can be fixed and assessed for cell number using
crystal violet staiming/absorbance quantification. A second
set of plates can also be analyzed for viral infectivity using
DAPI for cell nuclei and Hexon-FITC antibody for viral
particles. Biostatistical analysis of the crystal violet absor-
bance data can be performed using a one-way ANOVA using
GraphPad Prism software.

[0067] 1.3 Confirm shRNA viral constructs enhance T cell
stimulation: Ovarian tumor cell lines (OVCARS, SKOV3
and ID8) can be treated with each viral construct (MOI=50,
2 hr), then cultured for 2 days to allow suflicient time for
viral transgene expression, but not enough time for tumor
cell lysis (~3-4 days required for lysis). A mixed-lymphocyte
reaction can then be performed by co-culturing viral treated
tumor cells (2x10°) with the same number of patient derived
PBMC:s cells 1n the presence of antibodies against CD107a/
b. This marker 1s expressed on the surface of activated
lymphocytes due to the degranulation-accompanied surface-
localization of cytotoxic granules. As a positive control,
PBMCs can be exposed to the mitogen phytohemagglutinin.
After a 5-hour 1incubation, flow cytometry can be performed
with compensation for non-viable cells and 1sotype controls.
The fraction of CD107a/b positive cytotoxic T-lymphocytes
(CD3+, CD8+), and T-helper lymphocytes (CD3+, CD4+)
observed when PBMCs are exposed to immunomodulatory
CRAd-treated tumor cells can be compared to that observed
when tumor cells are treated with the parental viral con-
struct. Positive controls in which protein suppression 1s
achieved with pharmacological inhibitors to PD-L1 (atezoli-
zumab) and CD47 (ant1-CD47 blocking antibody) can also
be performed.

[0068] 1.4 Characterize ability of viral constructs to trig-
ger a local vs. systemic cell response: A bilateral flank assay
will be performed 1n a syngeneic mouse model (Minev et al.,
2014; and Zamarn et al., 2014). In briet, 40 C37BL/6 mice
can be inoculated with 5x10° ID8 (murine) ovarian cancer
cells 1n the right and left flank. After tumors reach a diameter
of 5mm, mice can be randomized into treatment groups
(n=8/group) and admimstered a single 100 uL 1njection 1nto

only the right flank tumor. Treatment groups as follows: 1)
untransduced NSCs (1x10°); 2) parental CRAd-Survivin-

pk7 NSCs (1x10° NSC, 1x10® TU); 3) mshPD-L1_CRAGJ-
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Survivin-pk7 NSCs (1x10° NSC, 1x10® 1U); 4) shCD47_
CRAd-Survivin-pk7 NSCs (1x10° NSC, 1x10° IU); 5)
shCD47 mshPD-L1_CRAd-Survivin-pk7 NSCs (1x10°
NSC, 2x10° IU). 10 days post treatment, tumor size can be
measured (weight/caliper) then it can be dissociated and
assessed for IFN-v levels (ELISA), T cell infiltration (Flow
cytometry) (Leng et al., 2008). Results obtained in synge-
neic mice can be confirmed 1n humanized mice (n=3) using
the most immunogenic human ovarian cancer line as deter-
mined 1n experiment 1.3.

[0069] Itis expected that immunomodulatory shRNASs can
be successtully incorporated into CRAd-Survivin-pk7 with-
out impairing viral transduction or oncolytic capabilities.
Further, tumor cells infected with modified constructs are
expected to mduce a more robust immune response com-
pared to the parental CRAd-Survivin-pk’7 virus in vitro. The
1mmunom0dulatory constructs can more eflectively enhance
an anti-tumor 1mmune response in the right (locally admin-
istered) flank, as evidenced by enhanced T cell infiltration,
clevated interferon gamma levels, and decreased tumor
volume. The combination of CD47 and PD-L1 inhibition
can trigger the most enhanced immune response. Regard-
less, the NSC viral construct and/or combination that trig-
gers the largest immune response can be carried forward into
the eflicacy studies. While a baseline immune response can
be expected 1n the untreated left flank, it 1s not expected the
immunomodulatory constructs to alter this response. Rather
there can be uninhibited immunosuppressive tumor cells 1n
the left flank.

[0070] It 1s possible that incorporating the shRNA using
the previous recombination method will not be successtul.
While this 1s highly unlikely, an alternative approach 1in
which there 1s no need for enzymatic activity or ligase steps
can be applied (He et al., 1998). The commercially available
shRNA constructs can sufliciently suppress CD47 and
PD-L1 in the tumor lines; 11 less than 60% suppression for
CD47 or 80% suppression for PD-L1 1s observed, new
shRNA sequences can be designed and a more eflective
construct can be chosen. If the immunomodulatory CRAd-
S-pk’/ constructs exhibit decreased cytolytic ability, the
experiments will still proceed given, the data showing that
the cytolytic capability of this virus 1s not suflicient to
achieve tumor regression, that 1t 1s more important to
cllectively trigger an anti-tumor immune response. I the
immunomodulatory viruses do not enhance the baseline
immune response in the flank setting, their ability to enhance
an anfi-tumor response in the IP setting will be assessed,
given the robust immunosuppression known to occur 1in
ovarian cancer metastases.

Example 2

Determine Therapeutic Efficacy and Anti-Cancer
Immune Response of NSC-CRAd-Survivin-pk’/
+/—Immunomodulatory shRNA In Vivo

[0071] The therapeutic eflicacy of the PD-L1 and CD47
expressing virus during IP NSC delivery to the non-shRINA
expressing virus are compared to determine whether eflicacy
1s increased and tumor 1s cleared using orthotopic xenogratt
and syngeneic mouse models.

[0072] The objective of this example 1s to establish pre-
clinical data demonstrating that repeated rounds of NSC-
mediated OV treatment significantly improve survival in an
orthotopic model of mice bearing cisplatin-resistant tumors.
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It 1s tested to see whether NSC-mediated delivery of immu-
nomodulatory CRAd-Survivin-pk7 1s more eflective than
NSC-mediated delivery of the parental CR Ad-Survivin-pk’/.
A standard Kaplan Meier survival comparison 1s used to
provide information about the utility of this treatment in
both 1 mmunodeficient and humanized mice. The rationale
for this example 1s that successiul completion of the pro-
posed research will contribute new information regarding
the potential eflicacy of CRAd-Survivin-pk7 NSCs for treat-
ing ovarian cancer, and to what extent tumor cell immuno-
suppression needs to be mitigated 1n order to achieve this
cllect. When the proposed studies for this example have
been completed, 1t 1s expected that a sigmificant survival
benefit will be observed for mice that received immuno-
modulatory CRAd-Survivin-pk7 NSC treatments.

[0073] Experimental design: A long-term survival study
can be performed in a syngeneic mouse model and a
humanized mouse model. One week prior to CRAd-Sur-
vivin-pk7 NSC administration, 64 C57BL/6 mice can be
inoculated with ID8 tumor cells IP as our syngeneic model.
Treatment can begin once tumors reach 5 mm. Eight treat-
ment groups (16 mice/group) include: 1) PBS (control), 2)
CRAd-Survivin-pk7 NSCs (1x10° NSCs~1x10° IU)+at-
ezolizumab (20 mg/kg (39))+anti-CD4’7 antibody (200 ug
(40)) 3) CRAd-Survivin-pk7 NSCs (1x10° NSCs~1x10° IU)
4) CRAd-Survivin-pk7 NSCs expressing mouse PD-L1 and
CD47 shRNA (1x10° NSCs~1x10° IU). Each group receives
eight treatment rounds (1 IP 1injection/day for 5 days) every
other week as determined 1n on the preliminary studies. This
can be repeated with humanized mice inoculated with the
most immunogenic tumor line as determined 1n Example 1.
Humanized mice can be treated one week after tumor
inoculation. Treatment at this time mirrors treatment stage
III ovarnian cancer patients after surgical debulking.

[0074] Biostatistical analysis: For this example, 16 mice
per group are used. Four mice per group can be euthanized
alter 4 rounds of treatment for histopathological, viral dis-
tribution analysis (qQPCR, viral titration), immune cell 1nfil-
tration (flow cytometry), cytokine levels (ELISA), and
PD-L1 and CD47 (western blot). The location and weight of
visible tumors are recorded, then 5 tumors per mouse as well
as a sample surrounding normal tissue are processed for
cach assay. Quanftitative viral load assessments include
gPCR measurements of hexon gene expression, and viral
titrations performed using dissociated tumor lysates. Five
more tumors per mouse can be used for dendritic and T cell
infiltration monitoring by flow cytometry. Remaining
tumors can be sectioned and stained for hexon, CDS, PD-L.1
and CD47. Each comparison can be made using a two-tailed
t-test (p<t0.05) with linear mixed eflects models to recognize
inter-mouse variability. The remaimng 12 mice per group
can receive an additional 4 rounds of treatment and be
tollowed for long-term survival. Numbers of mice are cal-
culated to ensure suflicient statistical power to compare
groups. A two-sided log rank test with 12 mice per group can
have at least 80% power at a 0.05 significance level to detect
a hazard ratio between the groups of approximately 0.05
when the proportion surviving 1n the control group 1s 0.10.
The study 1s powered to observe maximal differences 1n
survival between two groups. Multiple pairwise comparison
adjustments can be made to Log Rank test p-values using
Sidak adjustment.

[0075]
greatest survival rate.

It 1s expected that mice 1n group four will have the

r—

These results are expected in both
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models with only slight variations between models. This 1s
because both models express and upregulate survivin,
PD-L1 and CD47 (Willingham et al., 2012; and Zitvogel et
al., 2012). Namely, group 2 mice are expected to lead PD-L1
and CD47 suppression in both normal and tumor tissue and
group 4 mice are expected to only suppress these 1n tumor
tissue when compared to no suppression in group 3. These
results should lead to immune cell infiltration to PD-L1 and
CD47 suppressed tissues. Using immune competent mice
can show the need to incorporate the immune system within
our NSC virotherapy to hasten eflicacy and lead to tumor
clearance, which 1s currently only being maintained by NSC
virotherapy alone.

[0076] It 1s expected that treatment with the shRINA
recombinant NSC virotherapy will have faster, more efli-
cient results. However, 1t 1s possible that mice treated with
pharmacological inhibitors will have negligible suppression
of PD-L1 and CD47 in normal tissue and subsequent neg-
ligible T cell infiltration. This 1s unlikely due to the endog-
enous 1mportance of these 1n preventing autoimmunity. Any
modulation of these two markers should result 1n a T cell
response against those cells. It 1s also possible that viro-
therapy can lead to lowered survivin expression on tumor
cells 1n order to protect themselves from the virus. This can
be circumvented by editing the virus to use a different type
of entry marker, such as CD46, which 1s highly expressed 1n
ovarian cancer (Hulin-Curtis et al., 2016). This, however,
would likely lead to tumor cell apoptosis, as survivin main-
tains cell survival 1n the face of apoptosis signaling making
it an unlikely scenario (Sah et al., 2006). In the event that the
immune response using dual-inhibition of PD-L1 and CD47
1s too robust, leading to a cytokine storm, individual 1nhi-
bition groups can be tested.

Example 3

CRAd-Survivin-pk7 NSCs Kill Ovarian Cancer
Cells In Vitro

[0077] The following preliminary data confirm that
CRAd-Survivin-pk7 progeny released from CRAd-Sur-
vivin-pk7 NSCs can eflectively eliminate OVCARS tumor
cells that are no longer responsive to patient-tolerable doses
of cisplatin (FIG. 4B). In vitro co-culture of CRAd-Sur-
vivin-pk7 NSCs with OVCARS cancer cells resulted in the
elimination of ovarian cancer cells 1n vitro, even at a tumor
cell:NSC ratio o1 1000:1 (FIG. 4A). While less eflicient, this
therapy also reduces the number of murine IDS8 cells n
culture (data not shown). Together, these results indicate that
in the absence of immune-suppression, the virus can repli-
cate within NSCs, infect neighboring tumor cells, and con-
tinue to amplify until the entire tumor cell culture has been
killed. These results are consistent with well-established
literature reports that ovarian cancer cells express high
levels of both the coxsackievirus and adenovirus (CAR
receptor) and survivin.

Example 4

CRAd-Survivin-pk7 NSCs Delay Progression of
Ovarian Cancer in Immunodeficient Xenograft
Models

[0078] Both subcutaneous (FIG. 5A) and orthotopic (FIG.
5B) xenograit models were established to assess the thera-
peutic eflicacy of CRAd-Survivin-pk7 NSCs as a single
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agent and 1n combination with cisplatin. In the flank setting,
CRAd-Survivin-pk7 NSCs slowed tumor volume progres-
s1on both 1n the presence and absence of cisplatin (FI1G. 5A).
As a single agent, CRAd-Survivin-pk7 NSCs delayed the
tumor volume doubling time from 7 to 14 days after the first
treatment, and from 15 to 26 days after a second treatment.
When administered in combination with cisplatin, the tumor
volume doubling time extended slightly to 15 days after a
first treatment, and 29 days after a second treatment. In the
orthotopic setting, CRAd-Survivin-pk7 NSCs slowed tumor
progression either with or without cisplatin (FIG. SB).

[0079] Collectively, the preliminary data demonstrates the
therapeutic potential of NSC CRAd treatments within an
immunocompetent mouse model. The targeted delivery
method can prove to be more useful than the current
widespread use of small molecule 1mmune checkpoint
inhibitors given their association with autoimmune-like tox-
icities (Kong et al., 2014).

[0080] The NSCs are expected to distribute the CRAd-
Survivin-pk’7 OV within metastatic tumor sites, which waill
replicate 1n ovarian tumor cells due to their high surviving
expression levels. Infected tumor cells will no longer
express high levels of PD-L1 or CD47, thus enabling
ellicient T cell recogmition and clearance. This therapeutic
approach will potentially increase long-term survival, and
reduce toxicities associated with current therapies. Over the
long-term, this approach may also be applicable to other
high survivin-expressing cancers such as breast and lung
cancer (Pesonen et al., 2011; and Shinoura et al., 1999).

[0081] Clinical trials for application of 1mmunomodula-
tory CRAd-Survivin-pk7-loaded NSCs to treat metastatic,
chemo-resistant ovarian cancer can be done. The success 1n
moving NSC-mediated therapies into clinical trials demon-
strates the potential to move the therapy disclosed herein
into the clinic as well (Aboody et al., 2013). Furthermore,
this dual cytotoxic/immune checkpoint inhibitor therapy can
be extended into other types of cancer, especially those
having up-regulated survivin, PD-L1, and CD47.

Example 5

Maternals and Methods for Examples 6-18

Microarray Analysis of Survivin and CRAd-Survivin-pk’7
Entry Receptor Expression 1in Patient Cohorts

[0082] Tumor versus normal Birc5 gene expression was
calculated using 185 cisplatin-resistant patient tumors and
10 healthy tissue samples.*>*** Leave-one-out cross-valida-
tion was applied to each tumor cohort and confirmed by a
permutation test. External validation was conducted by
applying the gene signature to a publicly available array
database of expression profiles of advanced stage subopti-
mally debulked tumors. Data showing survivin expression in
different peritoneal tissues were obtained from GTExPortal
and modified to include only the peritoneal tissues of
relevance to experiments described herein. Expression val-
ues are shown in RPKM (reads per kilobase of transcript per
million mapped reads), calculated from a gene model with
1soforms collapsed to a single gene. No other normalization
steps have been applied. The mRNA expression scores for
putative CRAd-Survivin-pk”7 wviral entry receptors were
obtained from The Cancer Genome Atlas serous ovarian
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cancer project™*° and modified to include only the 100
patients of 311 total patients who exhibited amplified sur-
vVIVINg exXpression.

Human Tissue Procurement and Processing

[0083] Fresh tumors, non-malignant tissues, and ascites
were obtained from patients who gave institutional review
board (IRB)-approved informed consent (City of Hope
[COH] IRB 15280) before tissue collection at the COH
Medical Center. The fresh tumors and non-malignant tissues
were etther preserved as untreated controls or cut into about
S-mm pieces that were then incubated 1n 24-well dishes with
cach well containing 0.5 mL of complete media and either
5x10° VP of free CRAd-Survivin-pk7 or 5x10° NSC.CRAd-
Survivin-pk7. After a 6-hour incubation, NSCs had plated
and the tissue was floating, so Boyden chamber inserts were
used to maintain contact between the NSCs and the tissue to
facilitate viral transfer. Tissues were collected on days 1 and
3 when NSC lysis was observed. Tissues were washed,
fixed, and processed for immunological staining or qPCR
analysis of viral load. The fresh ascites was heat nactivated
at 56° C. for 60 minutes to eliminate complement proteins,
but leave neutralizing antibodies intact as previously
described.*” It was then frozen until used for western blot
analysis and the viral neutralization assay.

Detection of CRAdS Neutralizing Antibodies in Patient
Ascites

[0084] Neutralizing antibodies against CRAd-Survivin-
pk7 were recognized 1n ascites samples by western blotting
as previously described.*® In brief, CRAd-Survivin-pk7 was

diluted 1n PBS to concentrations of 125, 250, 500, and 1,000
ng protein/ml, then subjected to SDS-PAGE (10%
NuPAGE Bis-Tris Gel; Thermo Fisher). Following electro-
phoresis, proteins were transierred by semi-dry electroblot-
ting onto a nitrocellulose membrane (Bio-Rad), which was
blocked with 5% nonfat dried milk/0.1% Tween in PBS
(PBST) for 90 min at room temperature. Ascetic fluid diluted
1:1,000 1n PBST was added to the membranes and incubated
for 90 min at room temperature. Membranes were washed
3x10 min 1n PBST. Membranes were then incubated 1n a
1:10,000 solution of anti-human Ig (H+L), HRP conjugate
(Promega) for 90 min at room temperature. After washing,
membranes were developed with 3,3',5,5 -tetramethylbenzi-
dine (TMB) stabilized substrate for horseradish peroxidase
(Promega) and imaged.

Viral Neutralization Assay

[0085] A luminescent assay using the OVCARS.EGFP.
tfiluc cell line was used to quantify viral neutralization after
a 30-min exposure to heat-inactivated patient ascites fluid. A
cell suspension was made of 10° OVCARS8.EGFP.flluc cells/
ml., and 100 mL was added to each well of a 96-well plate.
The next day, heat-mnactivated ascites was diluted using
S-serial doublings. Serum-negative controls were also
included. To each dilution, 5 mL of free CRAd-Survivin-pk’7/
virus (2.5x10'° VP/mL) or 5x10° NSC.CRAd-Survivin-pk7
cells were incubated for 30 min at 37° C. The ascites was
then aliquoted into the 96-well plate containing OVCARS.
EGFP.flluc tumor cells. After 8 hours, the NSCs had adhered
and media were replaced. Plates were incubated for another
4 days to allow oncolysis. On day 5, media were removed
and replaced with media containing 100 mg/mlL D-luciferin
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substrate. After 10 min, the resulting luciferase signal was
read using a SpectraMax M3 microplate reader (Molecular

Devices, CA, USA).

Cell Culture

[0086] NSC lines including the human, v-myc immortal-
1zed, HB1.F3.CD NSC line were obtained from Seung Kim
(University of British Columbia, Canada).*” These were
turther modified by Dr. Maciej Lesniak (Northwestern Uni-
versity) to produce CRAd-Survivin-pk”7 as previously
described.® NSC lines were cultured in DMEM (Invitrogen)
supplemented with 10% fetal bovine serum (Gemim Bio),
1% L-glutamine (Invitrogen), and 1% penicillin-streptomy-
cin (Invitrogen) and maintained at 37° C. m a humidified
incubator (Thermo Flectron Corporation) containing 6%
CO,. Ovanan cancer cell lines were cultured in RPMI basal
media with the same supplements. For all cell lines, when
cells reached 80% contluency, they were passaged using a
0.25% trypsin and EDTA solution (Invitrogen); media were
changed every 2-3 days. Ovarian cancer cell lines, Firefly

luciferase-expressing OVCARS8 (OVCARS.EGFPlluc),
SKOV-3 (SKOV-3.1lluc), Kuramochi, OVCAR3, and
CAOV3 cell lines, were provided by Dr. Carlotta Glackin.
The ID8 murine glioma line was obtained from Dr. Kath-
erine Roby (University of Kansas). A2780 and U87 human
glioma cell lines were obtained from American Type Culture
Collection. All tumor lines were used to generate tumor-
conditioned media by replacing culture media with serum-
free media when cells were 80%-100% confluent followed
by a 48-h incubation period.

In Vitro Eflicacy Co-Culture Assay

[0087] Tumor cells were plated at 5x10° cells per well in
6-well plates. Select wells also received NSC.CRAd-Sur-

vivin-pk7 at a 1:1, 1:10, 1:100, or 1:1,000 ratio. At select
time points, wells were washed with PBS and stained with
crystal violet or assessed for total DNA content (PicoGreen
DNA quantification kit; Invitrogen). Wells were imaged
using bright-ficld microscopy to obtain a visual representa-
tion of live cells per well. DNA content was quantified using
a SpectraMax M3 microplate reader (Molecular Devices,

CA, USA).

In Vitro Synergy Experiment: Chou-Talalay Analysis

[0088] OVCARS.EGFPlluc cytotoxicity resulting from

NSC.CRAd-Survivin-pk’/ cells, cisplatin chemotherapy, or
both agents in combination was studied by quantitying filuc
expression remaining in culture after 3 days. Tumor cells
were plated at 3x10° cells per well in 96-well plates. Select
wells also recetved NSC.CRAd-Survivin-pk7 at etther a 1:1,
1:10, or 1:100 ratio. After overnight incubation, cisplatin
was added 1n select wells at the indicated concentration.
Serial dilutions of cisplatin were tested starting at a concen-
tration of 1 mM. Cultures were incubated for 3 more days.
Upon collection, media were replaced with that containing
D-luciferin (200 mg/mlL), and after a 10-min incubation, the
resulting luminescent signal was quantified using a Spec-
traMax M3 microplate reader (Molecular Devices, CA,
USA). Results are expressed as the percentage of surviving,
cells determined by comparing the luciferase signal of each
sample relative to untreated control samples considered
100% wviable. The interactions between the NSC.CRAd-

Survivin-pk’/ viruses and cisplatin were evaluated by cal-
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culating Chou-Talalay combination indices (CI) using Com-
puSyn software (ComboSyn). Each condition was replicated
in quadruplet, and the experiment was conducted twice.

In Vivo Subcutaneous Xenograit Ovarian Cancer Model

[0089] Female athymic nude mice 6-8 weeks of age
(Charles River) were maintained under specific pathogen-
free conditions at the COH Animal Resource Center, and all
procedures were reviewed and approved by the COH Ani-
mal Care Commuittee. A subcutaneous flank xenograft model
in nude mice was established using an EGFP and firetly
luciferase-expressing ovarian cancer cell line, 2x10°
OVCARS.EGFPilluc. Approximately 2 weeks following
tumor injections, when the tumors were on average 0.5 cm
in diameter, the mice were divided into the four treatment
groups: (1) PBS: 100 mLL administered 1.p. days 1-5; (2)
cisplatin (4 mg/kg): 100 mL administered 1.p. days 1 and 3;
(3) NSC.CRAd-Survivin-pk7 (1x10°): 100 mL administered
1.p. days 1-5; and (4) combination: NSC.CRAd-Survivin-
pk7 (1x10°) administered i.p. days 1-5 and cisplatin (4
mg/kg) administered 1.p. days 1 and 3. The mice were treated
for three weekly cycles with 1 week ofl 1n between each
cycle. The amimals were observed for daily consumption of
food and water, appearance, and body conditions. Tumor
burden was evaluated via caliper measurements twice
weekly over a 5-week period.

In Vitro Boyden Migration Assay

[0090] A classic Boyden chamber assay was used to
evaluate cell migration. In a 24-well tissue culture plate, 500
ml. of target media (either containing only BSA as a
negative control or dernived from the culture of ovarian
cancer cells) was added to each well. At a density of 1x10°
cells/well, unmodified NSCs or NSC.CRAd-Survivin-pk7 1n
DMEM and 5% w/v BSA were placed 1n transwell polycar-
bonate membrane cell culture 1nserts (Fisher) and incubated
at 37° C. for 4 hours. After the incubation period, the
transwell inserts were placed 1n a new 24-well tissue culture
plate containing Accutase and incubated 10 min at 37° C.
Detached cells were then transferred to a 96-well V-bottom
plate, centrifuged at 1,500 rpm for 5 min, and resuspended
in 1:1 PBS to Guava ViaCount Reagent (EMD Millipore).
NSC muigration to tumor-conditioned media was assessed
using a Guava FasyCyte tlow cytometer (EMD Millipore).

In Vivo NSC-CRAd-Survivin-pk7 Tropism 1n Orthotopic
Ovarian Cancer Model

[0091] Female NOD-SCID mice (Jackson Labs) that were
6-8 weeks old were moculated with 2 million OVCARS.
c¢GFP.illuc cells via 1.p. injection. After 3 weeks, mice (n=3)
were administered 1.p. 2x10° Dil-labeled NSC-CRAd-Sur-
vivin-pk7. Two days after NSC 1injection, tumors were
harvested. Three tumors per mouse were digested using
protemnase K, DNA was extracted (DNA Extraction from
fixed tissues kit, Puragene), quantified using a nanodrop,
then amplified by PCR using primers for v-Myc and hexon
to test for the presence of NSCs and viral particles respec-
tively. GAPDH was used as a loading control (331 bp).
Primer sequences are listed in Table 2. DNA purified from
unmodified NSCs and NSC-CRAd-Survivin-pk”7 was used
as a positive control for PCR amplification of the v-Myc
gene (replicon size 170 bp), and hexon (179 bp) respectively.
Pure water was used as a negative control. PCR products
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were analyzed by agarose gel electrophoresis and staining of
DNA bands with ethidium bromide. An additional 3 tumors

per mouse were frozen 1n Tissue Tek OCT (Sakura Finetek
USA) and sectioned on a Leica CM1310 S cryostat (Leica
Biosystems). Sections (10 um thick) were collected on
positively charged slides (Thermo Fisher Scientific), immu-
nostained for hexon (Goat Anti-Adenovirus FITC Conju-
gated Polyclonal Antibody, AB1036F, Millipore), counter-
stained with DAPI (1 ug/mL, Sigma), then imaged using the
Zei1ss Axi1o0 Observer Z1 fluorescence microscope (ZEISS
Microscopy).

TABLE 2

PCR Primers
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Ing: seizures, tremors, labored or diflicult breathing, weight
loss (>20% body wt.), hypo- or hyperthermia, impaired
ambulation, obvious illness, or 1nability to remain upright.
Any anmimal 1n distress was euthanized consistent with the
recommendations of the Panel on Euthanasia of the Ameri-
can Veterinary Medical Association. Analysis of clinical
observations was performed on symptoms following the
start of treatment on study Day 7 and continued through
study Day 60, when all mice were harvested. Least squares
analysis was used to compare the maximum score achieved
by each mouse between each of the control and treatment

Gene Forward Primer

V-mycC Marli v-mycC

Reverge Primer

v-myc Inter R2:

rxn 1 F: 5/ -CCTTTGTTGATTTCGCCAAT -3 5/ -GCGAGCTTCTCCGACACCACC-37
(SEQ ID NO: 1) (SEQ ID NO: 2)

Nested GAG 1306F: v-myc Rl:

V-mycC 5/ -TCACAGCCAGATATCCAGCAGCTT-31 5/ -AGQTTCTCCTCCTCCTCCTCG-231
(SEQ ID NO: 3) (SEQ ID NO: 4)

Hexon Hex3F: Hex3R:
5/ -TTCCGCTTCACTGGACTCTT-23" 5/ -TGGACAGCGCAGGAGAGALAG-3
(SEQ ID NO: 5) (SEQ ID NO: 6)

GAPDH Fwd: Re-vr:

5/ -ATGTTCGTCATGGGTGTGAACCA-3
(SEQ ID NO: 7)

5/ -TGGCAGGTTTTTCTAGACGGCAG-3
(SEQ ID NO:

8)

DNA purlified from unmodified NSCs and NSC.CRAd-Survivin-pk7 was used as a pogltive control
for PCR amplification of the v-myc gene (replicon size 170 bp) and hexon (179 bpj,
regpectively. Pure water was used as a negative control. PCR products were analyzed by agarose
gel electrophoregls and staining of DNA bands with ethidium bromide.

Assessment of In Vivo Efficacy Study 1n Orthotopic Ovarian
Cancer Model

[0092] Female NOD-SCID mice (Jackson Labs) that were
6-8 weeks old were moculated with 2 million OVCARS.
cGFP.flluc cells via 1.p. injection. After 1 week, mice (n=11/
group) were divided into four treatment groups: (1) PBS:
100 ul. administered 1.p. days 1-5; (2) Cisplatin (4 mg/kg):
100 uL. administered 1.p. days 1, 3; (3) NSC-CRAd-Sur-
vivin-pk7 (1x10°): 100 puL administered i.p. days 1-5; and
(4) Combination: NSC-CRAd-Survivin-pk7 (1x10°) admin-
istered 1.p. days 1-5 and cisplatin (4 mg/kg) administered 1.p.
days 1, 3. Both before and after treatment, tumor burden was
cvaluated weekly via bioluminescence using the SPEC-
TRAL Ami X imaging system over a 5 week period. Firetly
luciferase expressing tumor cells were imaged 1n mice using
a charge-coupled device camera (the SPECTRAL Ami X)
coupled to the Ami1X Image acquisition and analysis soit-
ware. Mice received an intraperitoneal injection of D-lu-
ciferin substrate suspended 1n PBS at 4.29 mg/mouse.
Images were captured while the mice were anesthetized by
isoflurane (1.5 L/oxygen, 4% 1soflurane) and kept in an
induction chamber. Light emission was measured over an
integration time of 30 s at 9 min after injection of luciferin.

Clinical Observations

[0093] Treated mice were weighed weekly and scored
daily Monday through Friday for general good health, 1.e.
good/water intake, urine and feces production, no signs of
scrully hair coat, emaciation, or hunched posture; any debili-
tating terminal criteria secondary to tumor growth, includ-

groups. Mice were mdividually weighed on study Days 1,
18, 24,30,35,37,39,42,46,49, 51, 33, 36, 58, and 60. Mice
weights were normalized with respect to their pre-treatment
weight then averaged for each timepoint.

Statistical Analysis

[0094] Data are presented as mean+SEM unless otherwise
stated. Statistical signmificance for percent change 1n tumor
flux at each time point between two groups was examined
using a two-sample t-test with a two-sided alternative (*p<0.
05 deemed to be significant). The average max daily clinical
observation score and early max score were also tested using
a two-sample t-test.

Example 6

Survivin Expression in Ovarian Cancer

[0095] Belore the use of the CRAd-Survivin-pk/ virus, for
which replication 1s under the control of the survivin pro-
moter, the frequency at which survivin expression 1s upregu-
lated 1n ovarian cancers was first assessed as compared to
normal tissues to ensure that the approach would be of
practical utility for ovarian cancer. To do this, survivin gene
expression within the publicly available Gene Expression
Omnibus Aflymetrix human U133A microarray data set
(GSE26712) was analyzed. This query dataset includes gene
expression data for an extensive set of 185 samples from (90
optimally debulked/95 suboptimally debulked) primary
ovarian tumors and 10 samples representing normal ovarian

surface epithelium.®** It was found that 93.5% (173/185) of
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ovarian cancer patients represented 1n this data set exhibited
survivin gene expression levels that exceeded those 1n
normal ovarian surface epithelium (FIG. 6 A). Furthermore,
because the ultimate intention was to deliver the NSC-
CRAd-Survivin-pk7 therapy intraperitoneally (1.p.), 1t was
necessary to ensure that survivin expression 1s low, and viral
replication thereby avoided, 1n healthy peritoneal organs. To
do this, survivin (BIRCS gencode ID=ENSG00000089685.
10) transcription expression levels within the GTExPortal
data set were analyzed; which revealed that although sur-
vivin 15 highly expressed i tumors, 1t 1s not highly
expressed 1 normal adult organs within the peritoneal
cavity (FIG. 6B) or in organs outside the peritoneal cavity
(FIG. 7). It 1s noted, that adult mesenchymal and intestinal
progenitor cells express survivin®>>', and so utilizing the
NSCs to distribute this virus solely to tumor locations should
mimmize any unintended ofl-target distribution.

Example 7

CRAd-Survivin-pk’/ Transduction 1n Ovarian
Cancer

[0096] Based on the previous experience 1n the context of
glioma, it was expected that once CRAd-Survivin-pk7-
expressing NSCs localize to ovarian tumors, they will pro-
duce virus at the tumor site(s) for up to 5 days belore
achieving release of viral agent’”. Following this release,
cllicient infection of surrounding tumor cells will rely on
rapid viral uptake by tumor cells expressing cell-surface
receptors permissive for adenoviral entry. The poly-lysine
modification to the fiber knob protein (pk7) contained within
CRAd-Survivin-pk7 permits the virus to bind to and enter
tumor cells that express heparin sulfate proteoglycan family
members such as perlecan (HSPG2), glypican-1 (GPCI1),
and syndecan-1 (SDC1),>>~*. To measure expression of
these putative adenovirus entry receptors 1n ovarian cancer
patients, Cbioportal Oncoprint analysis of samples from 100
patients with survivin amplification who were included in
the Cancer Genome Atlas serous ovarian cancer project was
conducted.*>>*° This analysis revealed variability in expres-
sion of these surface receptors, but 86% ofovarian cancer
patients who overexpressed survivin also expressed at least
one of these viral entry receptors (FIG. 6C). This result
implies that there 1s strong potential for enhanced viral
infection to occur within patients, given the multiple routes
available for viral entry.

Example 8

CRAd-Survivin-pk7 NSC Characterization

[0097] The use of an mmmortalized cell line as the cell
carrier enables the possibility of predictable, reproducible
viral loading and release kinetics. Consistent with previous
reports,”> very efficient infection of NSCs by CRAd-Sur-
vivin-pk7 was observed with 99.76%+0.20% of NSCs posi-
tive for the viral capsid protein, hexon, 1 day after trans-
duction (FIGS. 8A and 8B). gPCR was used to confirm that
the viral load per NSC (average=644 viral particle [VP]/cell)
was similar to the magnitude we previously reported>> (FIG.
8C). Primer sequences are listed in Table 2. It was previ-
ously described how the intracellular titer peaks 3 days after
transduction, at which point the 1imitial viral load amplifies by
over a factor of 1x10.>>> As expected, the CRAD-Survivin-
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pk7-infected NSCs began to undergo virus-induced cell lysis
alter 2-3 days 1n culture (FIGS. 8D and 8E).

Example 9

NSC.CRAd-Survivin-pk7 Tropism to Orthotopic
Ovarian Cancer

[0098] To confirm that the viral agent did not interfere
with the tumor-tropic properties of the NSCs toward ovarian
cancer-derived cytokines, an 1n vitro Boyden chamber
migration assay was conducted. The NSC.CRAd-Survivin-
pk7 effectively migrated to conditioned media from a range
of ovarian cancer cell lines (FIG. 9C) including the
OVCARS and IDS8 cell lines used for the xenograft and
syngeneic mouse models (FIG. 10A). In fact, NSC.CRAd-
Survivin-pk’/ showed greater tropism to tumor-conditioned
media than did the untransduced parental HB1.F3.CD
NSCs.

[0099] It was previously demonstrated that NSCs home to
ovarian tumors after 1.p. administration mto mice bearing
either SKOV3 or OVCARS i.p. xenografts.”® The OVCARS
cell line was used for the xenograft model given 1ts ability
to consistently engrait combined with 1ts moderate genetic
similarity to high-grade serous ovarian cancer tumor
samples.”” To confirm that NSC.CRAd-Survivin-pk7 could
deliver the oncolytic viral agent to peritoneal metastases,
EGFP-expressing OVCARS and ID8 disseminated perito-
neal tumors were established 1n NOD scid gamma (NSG) or
B6 mice, respectively (FIGS. 10B and 10D). Two weeks
later, the mice were administered 1,1'-dioctadecyl-3,3,3",3'-
tetramethylindocarbocyanine  perchlorate  (Dil)-labeled
NSC.CRAd-Survivin-pk’/s. All peritoneal tissues were har-
vested 2 days after administration. To visualize NSC-medi-
ated viral secretion, anti-hexon viral staining was performed
on sectioned tumors to confirm viral distribution outside of
the Dil-labeled NSCs but within the tumor (FIGS. 10C and
10E). Within both xenograit and syngeneic models, the
yellow anti-hexon viral stain not only co-localized with the
red Dil-labeled NSC.CRAd-Survivin-pk’/s, but also spread
throughout the EGFP-positive tumor tissue (FIGS. 10C and
10E). This result suggests that at 2 days after administration,
some of the virus i1s being released, whereas some 1s still
contained within the NSCs, consistent with our 1n vitro viral
burst kinetics. Although the yellow anti-hexon viral stain
never extended beyond the green EGEFP-positive tumor
nodules 1nto adjacent normal tissue, 1t cannot yet be deter-
mined whether the combined use of NSC carriers and
survivin-driven viral replication eflectively avoid ofl-target
tissue distribution given that human adenoviruses do not
replicate well within mouse tissue.

Example 10

In Vitro Efficacy of NSC.CRAd-Survivin-pk’7/

[0100] The cytotoxicity of NSC.CRAd-Survivin-pk7
against established ovarian cancer cells was determined.
NSC.CRAd-Survivin-pk’/ was co-cultured with three differ-
ent human ovarian cancer cell lines (Skov3, OVCARS, and
Kuromochi using a 1:1 ratio of NSC.CRAd-Survivin-pk’/ to
ovarian cancer cells) and eflicient elimination of tumor cells
from all three lines was observed over the course of 5 days
(FIGS. 9A-9C). In contrast, no cell killing was seen 1n
co-cultures of parental NSCs and any of the three ovarian
cancer cell lines. This indicates that the CRAd-Survivin-pk’/

T
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virus could replicate within NSCs, infect neighboring tumor
cells, and continue to amplify throughout the tumor culture.

[0101] In preparation for the 1 vivo studies within both
xenograit and syngeneic models, the sensitivity of the
human ovarian cancer line (OVCARS) and a mouse ovarian
cancer line (ID8) was further explored (FIGS. 11A-11D).
NSC.CRAd-Survivin-pk’7 significantly reduced (>9-fold

less than tumor-only control) the number of OVCARS cells

by day 14 1n culture, even when seeded at an 1nitial ratio of
1:1,000 NSC.CRAd-Survivin-pk7:0OVCARS cells (FIGS.

11A and 11B). These data confirm the potent oncolytic
potential of NSC.CRAd-Survivin-pk7 to produce a consid-
erable local bystander effect against the OVCARS cancer
cell line. The virus was less potent against the faster repli-
cating mouse ID8 line. Nonetheless, NSC.CRAd-Survivin-
pk7 sigmificantly reduced (>40% less than tumor-only con-

trol) the number of IDS8 cells by day 14 in culture, when
seeded at an mitial ratio of 1:10 NSC.CRAd-Survivin-pk’/:
ID8 cells (FIGS. 11C and 11D). These data demonstrate that
the ID8 line 1s semi-permissive for CRAd-Survivin-pk?7
replication, and thus useful for 1n vivo experiments within a
B6 immunocompetent mouse model. Collectively, the 1n
vitro cytotoxicity results confirm the potential for NSC.
CRAd-Survivin-pk’/ to kill ovarian cancer cells. However,
given that metastatic ovarian cancer spreads throughout the
peritoneal cavity, whether NSC.CRAd-Survivin-pk’7 would
be eflective 1n the peritoneal setting would need to be
determined.

Example 11

NSCs Protect the CRAd-Survivin-pk7 From
Neutralizing Antibodies Present in Patient Ascites

[0102] Pre-existing anti-AdS antibodies (40%-69% of the

adult population i the United States 1s seropositive to
Ad333) present 1n ascites tluid within the peritoneal cavity
can rapidly neutralize Ad5-based vectors, and thus can
significantly hinder the clinical application of 1.p.-adminis-
tered CRAds for ovarian cancer. Whether CRAd-Survivin-
pk7 was recognized by antibodies present in ascetic tluid
was determined. To do this, cell-free ascetic fluid obtained
from ovarian cancer patients during routine peritoneal drain-
age was applied to a membrane onto which denatured,
clectrophoresed CRAd-Survivin-pk7 samples were blotted
(FIG. 12A). The ascites tluid positively recognized the viral
antigens hexon, penton base, and fiber.

[0103] To investigate the possibility that NSCs could
protect the CRAd-Survivin-pk’/ virus from pre-existing anti-
adenovirus antibodies 1n ascetic fluid, the adenovirus onco-
lytic potential of free CRAd-Survivin-pk7 and NSC-CRAd-
Survivin-pk7 both with and without exposure to human
ascites was compared. Free CRAd-Survivin-pk7 had
reduced oncolytic ability upon 24-hour exposure to ascites
fluid, as evidenced by decreased ability to kill OVCARS
tumor cells as compared with NSC.CRAd-Survivin-pk7 and
the tumor-only negative control (FIG. 12B). In addition, the
extent of viral inhibition 1increased at greater concentrations
of the ascites fluid (FIG. 12B). The NSCs seem to shield
viruses from neutralizing antibodies within ascites, suggest-
ing their potential to be eflective viral carriers for 1.p.-
administered oncolytic therapies.
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Example 12

Treatment With NSC.CRAd-Survivin-pk7 Slows
Progression 1n Orthotopic Tumor Models

[0104] Next, the orthotopic mouse models were utilized to
confirm that NSC-mediated CRAd-Survivin-pk”7 delivery
improves 1n vivo eflicacy relative to free virus administra-
tion. NSG mice (n=7 per group) and B6 mice (n=7 per
group) were admimstered 1.p. EGFP-expressing ovarian
cancer (OVCARS and IDS8, respectively). Two weeks after
tumor cell inoculation, the mice were treated with either {ree

CRAd-Survivin-pk7 (3 weeks of 5x10° plaque-forming
unmits [piu]/day), NSC.CRAd-Survivin-pk7 (3 weeks of
1x10° cells [5x10° pfu]/day), or PBS (control).

[0105] To assess the relative infectivity of CRAd-Sur-
vivin-pk’7 when delivered either as the free virus or using the
NSC carrier, gPCR was used to quantily E1A levels within
tumor mets harvested 1 day after the first treatment.
Increased adenoviral E1A gene copy number (22.7-fold
higher) was found in the tumors of mice treated with
NSC.CRAd-Survivin-pk’/ instead of free virus (FIG. 12C).
To determine whether NSC-mediated improvements 1n viral
load at the tumor would translate to improved treatment
ellicacy, mice were harvested 1 week after the third treat-
ment round. The omentum, which 1s the primary site of
tumor formation and growth, was collected from all mice
and weighed. Free virus administration resulted 1n a signifi-
cantly reduced omental tumor burden as compared with
mice that received only PBS injections (FIG. 12D). Even
more substantial decreases 1n omental tumor burden were
obtained from mice treated with NSC.CRAd-Survivin-pk’7/
instead of free virus (FIG. 12D). Together these data dem-
onstrate that NSC carriers can improve the delivery and
cllicacy of CRAd-Survivin-pk7 within the peritoneal setting.

Example 13

Combination Treatment With
NSC.CRAd-Survivin-pk7 and Cisplatin In Vitro

[0106] The most active chemotherapeutic agent used to
treat ovarian cancer 1s cisplatin, but even i patients initially
respond, most ultimately die with platinum-resistant disease.
>® Thus, it was important to determine whether NSC.CRAd-
Survivin-pk’/ can help eliminate ovarian cancer cells that
have become resistant to patient-tolerable doses of cisplatin.
Co-culture of OVCARS tumor cells and NSC.CRAd-Sur-
vivin-pk7 with 1ncreasing concentrations of cisplatin
showed that the virus-loaded NSCs could kill ovarian tumor
cells that were otherwise unaflected by low doses of cispla-
tin (<1 uM) (FIG. 13A). Potential synergistic interactions
between NSC.CRAd-Survivin-pk’7 and cisplatin were evalu-
ated using the Chou-Talalay methodology, for which a
combinatorial index (CI) of <0.9 1s considered synergistic, a
CI between 0.9 and 1.1 1s considered additive, and a CI >1.1
is considered antagonistic.”>” For the combination of cispla-
tin and NSC.CRAd-Survivin-pk’/, all Cis were <1 (FIG.
13B), unless the concentration of cisplatin was extremely
high (1,000 uM) or the NSC.CRAd-Survivin-pk’/:tumor
ratio was very low (1:1,000) (data not shown). These data
suggest the two agents may demonstrate synergistic etlicacy
at patient-tolerable doses.
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Example 14

Combination Treatment With
NSC.CRAd-Survivin-pk’7 and Cisplatin Slows
Progression 1 a Flank Tumor Model

[0107] To determine whether the i vitro efficacy of NSC.
CRAd-Survivin-pk7 1n combination with cisplatin also
occurred 1n vivo, a pilot study was performed in which mice
bearing subcutancous flank OVCARS.EGFP xenograits
were treated with eirther 1.p. cisplatin alone (4 mg/kg),
intratumoral NSC.CRAd-Survivin-pk7 alone (1x10° cells/
5x10° pfu), the combination of intratumoral NSC.CRAd-
Survivin-pk7 and i.p. cisplatin (1x10° cells/5x10° pfu, 4
mg/kg), or PBS (control) (n=4 mice per group). Mice began
treatments approximately 2 weeks after injection of 5 mul-
lion OVCARR.EGFP cells, when the tumors were on aver-
age 0.5 cm 1n diameter (Table 3). The mice were treated for
two cycles. Each cycle was 2 weeks long, consisting of 1
week on therapy and 1 week off. Tumor burden was evalu-
ated via caliper measurements twice weekly over a 5-week
period.

TABLE 3

18
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setting. Two weeks after tumor mnoculation, NSC mice were
administered eirther 1.p. cisplatin alone (4 mgkg), NSC.
CRAd-Survivin-pk7 alone (2x10° cells/1x10° pfu), or the
combination of NSC.CRAd-Survivin-pk7 and cisplatin
(2x10° cells/1x10” pfu, 4 mg/kg) (n=2 mice per group). Two
days later, mice were euthanized and all peritoneal tissue
harvested. To assess NSC.CRAd-Survivin-pk7 and virus
biodistribution, three tumors from each mouse were pro-
cessed for PCR analysis. NSC.CRAd-Survivin-pk7 were
able to localize virus to peritoneal tumors in the presence of
cisplatin, with hexon DNA detected 1 all six tumors
obtained from mice treated with both agents (three of six
were positive for v-myc DNA). Neither hexon nor v-myc
DNA was detected 1n tumors obtained from mice treated
with either cisplatin alone or PBS (FIG. 14A; three repre-
sentative tumors are shown per group).

[0110] To assess the therapeutic eflicacy of NSC.CRAd-
Survivin-pk7 as an adjunct to cisplatin therapy, NSG mice

(n=11 per group, combined from two independent experi-
ments) were administered 2 million 1.p. OVCARS.EGFP.

filluc. One week after tumor cell mnjection, the mice were

Flank OVCARS Tumor Model Treatment Regimen

Tx Schedule
Group Agent (Dose) @ Day 1 Day 2 Day 3 Day 4 Day 5
1 PBS @  PBS — PBS — —
@  PBS PBS PBS PBS PBS
2 cisplatin (4 mg/ke) @ cisplatin — cisplatin — —
@ NSC® NSC® NSC® NSC® NSC®
CRAA®@ pk7 CRAA®@ pk7 CRAA@ pk7 CRAI® pk7 CRAJD® pk7
3 NSC® CRAI® @  PBS — PBS — —
pk7 (® NSC®) @ NSC® NSC® NSC® NSC® NSC®
CRAA®@ pk7 CRAA®pk7 CRAA®@ pk7 CRAI®pk7 CRAI® pk7
4 cisplatin (4 mg/ke) + @ cisplatin — cisplatin — —
NSC® CRAJI®@ @ NSC@ NSC®@ NSC@ NSC@ NSC®
pk7 (@ NSC®) CRAA@ pk7 CRAA®@ pk7 CRAA®@pk7 CRAI®pk7 CRAI® pk7

@

@ indicates text missing or illegible when filed

[0108] Treatment with NSC.CRAd-Survivin-pk7 slowed

tumor progression both as a single agent and 1n combination
with cisplatin as compared with control treatment with PBS
(FIG. 13C). As a single agent, NSC.CRAd-Survivin-pk7/
delayed the tumor volume doubling time from 7 to 14 days
alter the first treatment and from 15 to 26 days after the
second treatment. When administered 1n combination with
cisplatin, the tumor volume doubling time extended slightly
to 15 days after the first treatment and 29 days after the
second treatment (FIG. 13C). In contrast, cisplatin alone
delayed the tumor volume doubling time from 7 to 13 days
after the first treatment, but appeared less eflective after the
second treatment, yielding a tumor volume doubling time
that was not significantly diflerent from that of the saline

control (FIG. 13C).

Example 15

Combined Treatment With
NSC.CRAd-Survivin-pk’7 and Cisplatin Slows

Progression in Orthotopic Tumor Models

[0109] Co-administration of cisplatin did not interfere
with NSC.CRAd-Survivin-pk7/ tropism within the peritoneal

treated with three consecutive treatment cycles (Table 4).
After each round of treatment, tumor burden was evaluated
via bioluminescence imaging using the SPECTRAL Ami X
imaging system (FIG. 14B). In addition, mice were moni-
tored daily using our clinical observation scoring system in
which mice are numerically scored from 1 to 7 depending on
the number of outward signs of toxicity they display. A
higher daily score indicates more treatment-induced toxicity.
Any mouse that received the maximum score of +7 or met
any terminal criteria was euthanized immediately.
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TABLE 4
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Orthotopic OVCAREK Tumor Model Treatment Regimen

Tx Schedule
Group Agent (Dose) @ Day 1 Day 2 Day 3 Day 4 Day 5
1 PBS @ PBS PBS PBS PBS PBS
2 cisplatin (4 mg/ke) @ cisplatin PBS cisplatin PBS PBS
3 NSC® CRAI® @ NSC® NSC®@ NSC® NSC®@ NSC®
pk7 (& NSC®) CRAA®@ pk7 CRAA®@pk7 CRAA®pk7 CRAA@Dpk7 CRAA® pk7
4 cisplatin (4 mg/ke) + @ cisplatin PBS cisplatin PBS PBS
NSC® CRAI® @ NSCc® NSC® NSC® NSC® NSC®
pk7 (® NSC®) CRAA@ pk7 CRAA®@ pk7 CRAA® pk7 CRAA® pk7 CRAA® pk7
@
@ indicates text missing or 1llegible when filed
[0111] The average percent change in tumor tlux was less TABI F 5

in all treatment groups as compared with the PBS control
group (FIG. 14C). Furthermore, NSC.CRAd-Survivin-pk’/
treatment seemed as eflective as cisplatin, because no sig-

nificant differences 1n tumor flux were seen between the two
treatment groups. In contrast with NSC.CRAd-Survivin-
pk’/, cisplatin treatments were measurably more toxic than
saline control treatments, with mice 1n this group experi-
encing accelerated weight loss (FIG. 14D) and having both
higher average maximum daily scores and earlier time to
reach the maximum daily score (FIG. 14E). These outward
signs of toxicity were not apparent in the mice treated with
NSC.CRAd-Survivin-pk’/. The combination of cisplatin and
NSC.CRAd-Survivin-pk’/ resulted 1n lower average tumor

flux compared with treating with cisplatin alone, but the

results were not statistically significant. However, adding
NSC.CRAd-Survivin-pk’7 did not significantly worsen the
observed toxicity of cisplatin treatments, as measured by

daily score (FIG. 14E). This result implies potential for
using NSC.CRAd-Survivin-pk7 as an adjuvant treatment
when administering cisplatin to achieve increased eflicacy
with no added toxicity.

Example 16

NSC.CRAd Production and Quality Control

[0112] Expansion system 1s available for GMP scale up.
The hollow-fiber bioreactor has about 11,200 fibers/biore-
actor and 2.1 m” culture surface.®® The comparisons are
shown 1n Table 5 below. FIGS. 16 A-16D shows that the
climcal-grade NSC.CRAd production and characterization
SOPs have been established. The cGMP SOPs have been
established for both flask-based production of NSC.CRAds
(up to 8 billion cells per clinical lot) and scale-up with
Terumo® bioreactor production (up to 23 billion cells per
climical lot). Freeze-thaw and cell-preparation SOPs have
been established and are used for all clinical-equivalent
research banks used in our lab. This ensures consistency of
viral release kinetics for all pre-clinical studies. This con-
trolled approach offers an advantage over viral delivery by
autologous MSCs modified ex vivo, for which transduction
elliciencies and burst times vary significantly from patient to
patient, 1solation to 1solation.

Ideal Cell Carrier Patient Derived MSCs HB1.F3.CD21 NSCs

Loses tumor-homing
after 5-6 passages

Retain tumor-tropism
after expansion

Homogeneous population Heterogeneous v
Karyotypic normal 20% show abnormal v
karyotypes
High, reproducible ex Low, unpredictable v

vivo loading loading
v
v

“Off-the shelf” 2 wks to expand
availability
Example 17
NSC.CRAds for Glioma
[0113] NSC.CRAdJ-SPARC and NSC.CRAd-Survivin

were produced and compared 1n glioma cell lines. FIG. 17A
shows that NSCs exhibited tropism to glioma, and FIG. 17B
shows the pre- -clinical glioma model. FIGS. 18A-18C shows
the expression and distribution of SPARC and survivin.

FIGS. 19A-19B shows the comparison of 1n vitro etlicacy of

CRAd-SPARC and CRAd-Survivin. FIGS. 20A and 20B
demonstrates that NSC-facilitated viral delivery in vivo.

Example 18

NSC.CRAds for Ovarian Cancer

[0114] NSC.CRAdA-SPARC and NSC.CRAd-Survivin
were produced and compared n ovarian cancer models.
FIGS. 21A-21G shows that NSCs exhibited tropism to
ovarian cancer. FIGS. 22A-22E shows the expression and

distribution of SPARC and survivin. FIGS. 23A-23B shows
the comparison of in vitro efhicacy of CRAd-SPARC and
CRAd-Survivin. FIGS. 24A-24C demonstrates that NSC-

facilitated viral delivery 1n vivo.
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1. A method of treating cancer, comprising administering
to a subject a pharmaceutical composition comprising neural
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stem cells (NSCs) packaged with one or more 1mmuno-
modulatory viruses expressing one or more immumnity check-
point inhibitors.

2. The method of claim 1, wherein the one or more
immunity checkpoint inhibitors include adaptive immunity
checkpoint inhibitors and 1innate 1mmunity checkpoint
inhibitors.

3. The method of claim 1, wherein the immunity check-
point mhibitors are shRNAs against immunity checkpoint
proteins.

4. The method of claim 1, wherein the cancer includes
primary, recurrent, and metastatic brain cancer, breast can-
cer, head and neck cancer, bladder cancer, ovarian cancer,
uterine cancer, prostate cancer, skin cancer, lung cancer, and
colorectal cancer.

5. The method of claim 1, wherein the cancer 1s peritoneal
cancer selected from the group consisting of ovarian cancer,
pancreatic cancer, colorectal cancer, gastric cancer, and liver
cancer.

6. The method of claim 1, wherein the cancer 1s metastatic
ovarian cancer.

7. The method of claim 1, wherein the NSCs are human
NSCs packaged with an adenovirus expressing an adaptive
immunity checkpoint inhibitor and an innate immunity
checkpoint inhibitor.

8. The method of claam 7, wherein the adenovirus i1s
CRAd-Survivin-pk’7 adenovirus.

9. The method of claim 7, wherein (1) the adaptive
immunity checkpoint inhibitor 1s an shRNA against PD-L1,
(1) the innate immunity checkpoint mhibitor 1s an shRNA
against CD4°/7, or (111) both (1) and (11).

10. (canceled)

11. The method of claim 1, wherein the pharmaceutical
composition 1s administered by injection.

12. The method of claim 1, wherein the pharmaceutical
composition 1s admimstered by intraperitoneal (IP) injec-
tion.

13. A pharmaceutical composition for treating cancer
comprising a therapeutically effective amount of neural stem
cells (NSCs) packaged with one or more immunomodula-
tory viruses expressing one or more immune system check-
point inhibitors.

14. The pharmaceutical composition of claim 13, wherein
the one or more immune system checkpoint inhibitors
include adaptive immune system checkpoint inhibitors and
innate 1mmune system checkpoint inhibitors.

15. The pharmaceutical composition of claim 13, wherein
the immune system checkpoint inhibitors are shRNAs
against immune system checkpoint proteins.

16. The pharmaceutical composition of claim 13, wherein
the cancer includes primary, recurrent, and metastatic brain
cancer, breast cancer, head and neck cancer, bladder cancer,
ovarian cancer, uterine cancer, prostate cancer, skin cancer,
lung cancer, and colorectal cancer.

17. The pharmaceutical composition of claim 13, wherein
the cancer 1s peritoneal cancer selected from the group
consisting of ovarian cancer, pancreatic cancer, colorectal
cancer, gastric cancer, and liver cancer.

18. The pharmaceutical composition of claim 13, wherein
the cancer 1s metastatic ovarian cancer.

19. The pharmaceutical composition of claim 13, wherein
the NSCs are human NSCs packaged with an adenovirus
expressing an adaptive immunity checkpoint inhibitor and
an innate immunity checkpoint inhibitor.




US 2023/0137548 Al May 4, 2023
23

20. The pharmaceutical composition of claim 19, wherein
the adenovirus 1s CRAd-Survivin-pk7 adenovirus.

21. The pharmaceutical composition of claim 19, wherein
(1) the adaptive immunity checkpoint inhibitor 1s an shRNA
against PD-L 1, (11) the mnate immunity checkpoint inhibitor
1s an shRNA against CD47, or (111) both (1) and (11).

22-40. (canceled)
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