wo 20187232230 A1 | 00000 A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual P <
O remiation = 00T 0 00O RO
International Bureau = (10) International Publication Number
(43) International Publication Date -—-/ WO 201 8/ 232230 Al

20 December 2018 (20.12.2018) WIPO | PCT

(5D

2D

22)

(25)
(26)
(30$)

an

a2

International Patent Classification: Center, 4364 South Alston Ave., Durham, NC 27713-2220
A61K 39/00 (2006.01) CO7K 14/00 (2006.01) (US). HUBER, Brian, E.; Cato Holding Company, West-
A61K 39/395 (2006.01) park Corporate Center, 4364 South Alston Ave., Durham,

NC 27713-2220 (US). CATO, Allen; Cato Holding Com-
pany, Westpark Corporate Center, 4364 South Alston Ave.,
Durham, NC 27713-2220 (US).

(74) Agent: PERKINS, Christopher, P.; Jenkins, Wilson, Tay-
lor & Hunt, P.A., 3015 Carrington Mill Boulevard, Suite

International Application Number:
PCT/US2018/037737

International Filing Date:
15 June 2018 (15.06.2018)

Filing Language: English 550, Morrisville, NC 27560 (US).
Publication Language: English  (81) Designated States (unless otherwise indicated, for every
L. kind of national protection available). AE, AG, AL, AM,
Priority Data: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
62/520,267 15 June 2017 (15.06.2017) us CA, CH, CL, CN, CO, CR, CU, CZ. DE, DJ, DK, DM, DO,
Applicant: CANCER ADVANCES INC. [US/US]; West- DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
park Corporate Center, 4364 South Alston Ave., Durtham, HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
NC 27713-2220 (US). KR,KW,KZ, LA, LC,LK,LR,LS, LU, LY, MA, MD, ME,

. MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
Inventors: SUTTON, Lynda; Cato Holding Company, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA
Westpark Corporate Center, 4364 South Alston Ave., SC ,SD ,SE ,SG éK éL éM ,ST éV S%( Tfi TJ, TM, TN,

Durham, NC 27713-2220 (US). SMITH, Jill, P.; 129 TR TT. TZ UA. UG. US. UZ. VC. VN. ZA. ZM. ZW
North 30th St., Camphill, PA 17011 (US). OSBORNE, U T T T e e e e

Nicholas; Cato Holding Company, Westpark Corporate

(34

Title: COMPOSITIONS AND METHODS FOR INDUCING HUMORAL AND CELLULAR IMMUNITIES AGAINST TU-

MORS AND CANCER

€Y

Gastrin Vaccine {PAS) Injections
Week: -1 0 1 3

| ! !

“Inoculation

rowiniResponsa o

105108

cancer cells

Tumor

trr 1ot

Day: 0 4 8 1
PD-1 Ab Injections

FiG. 1

Abstract: Provided are methods for sensitizing gastrin-associated tumors and/or cancers in subjects to inducers of humoral and

cellular immune responses. In some embodiments, the methods relate to administering compositions that have anti-gastrin antibodies,
gastrin peptides, and/or nucleic acids that inhibit expression of gastrin gene products to subjects. Also provided are methods for pre-

venting, reducing, and/or eliminating the formation of fibroses associated with tumors and/or cancers, and methods for treating gas-
trin-associated tumors and/or cancers that include administering to subjects in need thereof a first agent that provides and/or induces

an anti-gastrin humoral or cellular immune response in the subject and a second agent that includes one or more stimulators of cellular
immune responses against the tumors and/or cancers.
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DESCRIPTION
COMPOSITIONS AND METHODS FOR INDUCING HUMORAL AND CELLULAR
IMMUNITIES AGAINST TUMORS AND CANCER

CROSS-REFERENCE TO RELATED APPLICATION

This application claims the benefit of U.S. Provisional Patent Application
Serial No. 62/520,267, filed June 15, 2017, the disclosure of which is incorporated
herein by reference in its entirety.

TECHNICAL FIELD

The presently disclosed subject matter relates to compositions and
methods for inducing both humoral and cellular immunities against tumors and
cancers. In some embodiments, the presently disclosed subject matter relates to
administering to a subject in need thereof a therapeutic inducer of a humoral or
cellular immune response against a gastrin peptide and/or in combination with an
inducer of a cellular immune response against the tumor or the cancer.

BACKGROUND

Pancreatic cancer, generally referred to as pancreatic ductal
adenocarcinoma (PDAC) is a complex disease involving the successive
accumulation of genetic mutations in several cell growth regulatory pathways.
What begins as relatively benign lesions in a pancreatic intraepithelial neoplasia
(PanIN; Hruban et al., 2008) progresses into a diversity of abnormal gene
expression patterns, genomic instability, and ultimately invasive cancer that is
resistant to treatment.

Histologically, PDAC is generally well-differentiated and is primarily defined
by acinar-ductal metaplasia, the presence of immunosuppressive inflammatory
cells, lack of cytotoxic T-cells, and the presence of a dense fibrotic stroma. These
manifestations can vary greatly in extent and can occur without overt clinical
symptoms, which makes early diagnosis of PDAC a rarity. The PDAC tumor
stroma consists of mesenchymal cells such as fibroblasts and pancreatic stellate
cells (PSCs), extracellular matrix proteins, peri-tumoral nerve fibers, endothelial
cells, and immune cells. The specific mechanisms influencing the stromal cells to
produce the abundant desmoplastic effects involve growth factor activation,

collagen and extracellular matrix synthesis and secretion (Zhang et al., 2007), as
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well as the expression of numerous regulators of vascular and cytokine-mediated
processes (Hidalgo et al., 2012).

Invasive PDAC constitutes the vast majority (>85%) of carcinomas of
ductal lineage. PDAC is characterized by uncontrolled infiltration and early
metastases. The presumed precursors of ductal adenocarcinoma are the PanIN
microscopic lesions that undergo intraductal proliferative changes and ultimately a
series of neoplastic transformations from PanIN-1A to PanIN-3 and full-blown
malignant carcinoma.

Important characteristics of PDAC are aberrant expression of the
gastrin/cholecystokinin receptor (CCK-B) on the surface of tumor cells (Smith et
al., 1994) as well as the expression of high levels of gastrin by the tumor (Prasad
et al., 2005). Both gastrin (Smith, 1995) and cholecystokinin (Smith et al., 1990;
Smith et al, 1991) proteins stimulate pancreatic tumor growth through an
autocrine mechanism (Smith et al., 1996a; Smith et al., 1998b), and inhibition of
either gastrin expression (Matters et al., 2009), or blockage of CCK-B receptor
function (Fino et al., 2012; Smith & Solomon, 2014) inhibits cancer growth.

In spite of impressive success in the treatment of many cancers over the
years, tragically there has been little to no success in the market approval of
breakthrough therapeutics for PDAC (see Hidalgo, 2010; Ryan et al., 2014), which
carries the poorest prognosis of all gastrointestinal malignancies (Siegel et al.,
2016). The current five-year survival rate for PDAC is approximately 6%, the
lowest of any cancer (Siegel et al., 2016).

The poor outcome of PDAC has not changed for the past 30 years. A
multidisciplinary diagnosis followed by surgery and chemo- and radiation therapy
is the first-line treatment approach. However, therapies based on the small
molecule chemotherapeutics gemcitabine and 5-fluorouracil do not produce
satisfying outcomes and mean survival with these regimens remain less than 1
year (Hoff et al., 2011, Conroy et al., 2011).

Contributing factors to the poor survival rates include the inability to
diagnose this disease in the early stages, the heterogeneity of cellular and
anatomical tumor cells, the high rate of metastasis, and the presence of a dense
fibrotic microenvironment that inhibits drug penetration and exposure (Neesse et

al., 2013). Inaccessibility of the tumor results in a relative resistance of PDAC to



10

15

20

25

30

WO 2018/232230 PCT/US2018/037737

standard chemotherapy and immunotherapy agents (Templeton & Brentnall,
2013) and contributes to the poor prognosis for this fatal disease.

The host immune response is another key factor contributing to the
recalcitrant and aggressive nature of PDAC. Immune cells, which are so
prominent in the microenvironment of PDAC, do not support anti-tumor immunity
(Zheng et al.,, 2013). Rather, these cells (including macrophages, T-regulatory
(Treg) cells, and neutrophils), actually promote tumor growth and invasion. In fact,
one of the hallmarks of PDAC is its ability to evade immune destruction (Hanahan
& Weinberg, 2011).

Cancers, including PDAC, employ many tools to escape and/or defeat
attack from the patient's immune system (Pardoll, 2012; Weiner & Lotze, 2012).
Components of the tumor metabolic milieu have been shown to regulate these
responses (Feig et al., 2012; Quante et al., 2013). A major breakthrough in cancer
therapeutics came with the discovery of immune checkpoint pathways that are
often regulated by tumor cells as a mechanism of immune resistance (Leach et
al., 1996). Antibodies that target proteins in the checkpoint pathways, such as
cytotoxic T lymphocyte-associated antigen 4 (CTLA-4), programmed cell death
protein 1 (PD-1), and programmed cell death ligand 1 (PD-L1), have been
developed and have been shown to be clinically effective in reversing
immunoresistance in some cancers, such as melanoma, non-small cell lung
carcinoma (NSCLC), and renal cancer (Pardoll, 2012). However, PDAC is
characterized by a tumor microenvironment that has a predominance of immune-
suppressing T regulatory (Treg) cells, lacks CD8" tumor-infiltrating effector T cells
(Feig et al., 2012; Vonderheide & Bayne, 2013; Zheng et al., 2013), and is poorly
vascularized. The fibrotic nature of the dense stromal environment as well as the
lack of accessibility through the bloodstream explains in part the observation that
PDAC responds only modestly, at best, to anti-PD-1 and anti-PD-L1 antibodies
(Brahmer et al., 2012, Zhang, 2018).

The expression level of the checkpoint ligand PD-L1 on the surface of
PDAC cells is believed to be another determinant of response to immune
checkpoint inhibitor immunotherapy (Zheng, 2017). Some studies have suggested
that a low level of PD-L1 expression correlates with the lack of response to
immune checkpoint inhibitors (Soares et al., 2015), and that stimulation of PD-1 or

PD-L1 expression can help to facilitate the effectiveness of anti-checkpoint protein
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antibodies (Lutz et al., 2014). In other studies of PDAC, PD-L1 was found to be
highly expressed in a majority of tumor cells as well as in many tumor samples (Lu
et al., 2017). Thus, the effectiveness of immune checkpoint inhibitor therapy could
potentially be enhanced by considering the status of PD-L1 in the tumor and in
seeking methods for regulating PD-L1 expression to accompany PDAC-targeted
therapy.

Currently, clinical trials for treatment of PDAC include combining antibody
immune checkpoint inhibitors with chemotherapy, radiation, chemokine
inactivation (olaptesed), cyclin dependent kinase inhibition (abemaciclib), TGF-B
Receptor | kinase inhibitors (galunisertib), focal adhesion kinase inhibitors
(defactinib), CSF1R inhibitors (Pexidartinib), vitamin D, and Poly ADP ribose
polymerase inhibitors (niraparib). These studies are aimed at combining agents
that might improve the physical penetration of and/or the immune cell presence in
the PDAC tumor microenvironment, as well as to improve the effectiveness of
immune checkpoint inhibitor treatment. In a recent report (Smith et al.,, 2018),
inhibition of CCK-B receptor function reduced PDAC fibrosis and improved the
effectiveness of antibody therapy using an anti-PD-1 antibody (Ab) and an anti-
CTLA-4 Ab.

Given the complexity of the PDAC tumor, a deeper understanding is
needed of how novel strategies can be used to modify the immune phenotype of
the PDAC microenvironment across the heterogeneity of patients and to make the
tumor more responsive to both chemo- and immune-based therapies.

Gastric cancer is another devastating cancer, and gastric adenocarcinoma
in particular has one of the poorest prognoses of all cancers, with a 5-year
survival of up to 30% (Ferlay et al., 2013). Early detection of this malignancy is
elusive and requires intentional screening practices, which are not commonly
utilized. Most diagnoses are already in advanced stage with median survival of 9-
10 months (Wagner et al., 2010; Ajani et al., 2017). The current standard of care
for gastric cancer includes surgery when appropriate, followed by radiation and/or
chemotherapy with DNA synthesis inhibitors like 5-fluorouracil and/or DNA
damaging agents such as cis-platinum.

Targeted therapies have also begun to emerge for the treatment of some
gastric cancers. Tumors that express the human epidermal growth factor receptor

2 (EGFR2) can be treated with trastuzumab (sold under the tradename
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HERCEPTIN® by Genentech, Inc., South San Francisco, California, United States
of America) in combination with chemotherapy. Some gastric cancers are also
responsive to anti-angiogenesis drugs such as ramucirumab (sold under the
tradename CYRAMZA® by Eli Lilly and Company, Indianapolis, Indiana, United
States of America). Additional targeted therapies are urgently needed to improve
the dismal prognosis for this prevalent malignancy.

Gastric adenocarcinomas typically overexpress gastrin as well as the
receptor for gastrin, called the CCK-B receptor (Smith et al., 1998a; McWilliams et
al., 1998), and gastrin-mediated proliferative effects upon binding to CCK-B lead
to an uncontrolled autocrine cycle of growth and expression in these tumors.
Blocking the function of gastrin as a means of therapy for this cancer has been a
focus of research for many years (reviewed in Rai et al.,, 2012). Among the
candidates for targeted therapy, the gastrin vaccine Polyclonal Antibody
Stimulator (PAS) has shown significant promise in improving survival in gastric
cancer in Phase 2 clinical trials and in pancreatic cancer in Phase 2 and Phase 3
clinical trials. PAS vaccination has been shown to elicit a humoral immune
response as demonstrated by the production of neutralizing antibodies to gastrin.
By eliminating gastrin, the vaccine slows tumor growth and has potential to
provide long-term tumor killing activity.

Cancer vaccines that raise an immune response against specific tumor
antigens are an attractive treatment strategy when the immune-mediated
immobilization or inactivation of the target antigen does not have deleterious
effects elsewhere in the body. Peptide vaccines have the potential advantage of
narrowing the specificity of the immune response, but they can sometimes have
the disadvantage of eliciting a weak immunogenicity. Careful selection of peptide
composition as well as incorporation of adjuvant molecules and delivery systems
can be necessary to insure a robust response as well as to initiate induction of the
desired immunity pathway. Peptides as short as 9-11 amino acids can generate a
specific CD8+ T cell-mediated response, though a change of even one amino acid
in the epitope can prevent the response (Gershoni et al., 2007).

The choice of epitopes to be included on the peptide requires the
consideration of type of immune response desired, including MHC class I
epitopes to induce CD4+ helper T cells and MHC class | CD8 epitopes to induce
helper T cells and CD8+ cytotoxic T lymphocytes (Li et al., 2014).

-5-
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The combination of a gastrin peptide vaccine, such as PAS, combined with
an immune checkpoint inhibitor represents a novel approach to improving
outcome in cancers that are subject to growth stimulation by the gastrin peptide
hormone.

SUMMARY

This Summary lists several embodiments of the presently disclosed subject
matter, and in many cases, lists variations and permutations of these
embodiments. This Summary is merely exemplary of the numerous and varied
embodiments. Mention of one or more representative features of a given
embodiment is likewise exemplary. Such an embodiment can typically exist with
or without the feature(s) mentioned; likewise, those features can be applied to
other embodiments of the presently disclosed subject matter, whether listed in this
Summary or not. To avoid excessive repetition, this Summary does not list or
suggest all possible combinations of such features.

In some embodiments, the presently disclosed subject matter provides
pharmaceutical compositions comprising a first agent that induces and/or provides
an active and/or a passive humoral immune response against a gastrin peptide
and/or a CCK-B receptor and an immune checkpoint inhibitor. In some
embodiments, the first agent is selected from the group consisting of a gastrin
peptide, an anti-gastrin antibody, and an anti-CCK-R antibody. In some
embodiments, the first agent comprises a gastrin peptide, optionally a gastrin
peptide comprising, consisting essentially of, or consisting of an amino acid
sequence selected from the group consisting of EGPWLEEEEE (SEQ ID NO: 1),
EGPWLEEEE (SEQ ID NO: 2), EGPWLEEEEEAY (SEQ ID NO: 3), and
EGPWLEEEEEAYGWMDF (SEQ ID NO: 4). In some embodiments, the glutamic
acid residue at amino acid 1 of any of SEQ ID NOs: 14 is a pyroglutamate
residue.

In some embodiments, the gastrin peptide is conjugated to an
immunogenic carrier, optionally via a linker. In some embodiments, the
immunogenic carrier is selected from the group consisting of diphtheria toxoid,
tetanus toxoid, keyhole limpet hemocyanin, and bovine serum albumin. In some
embodiments, the linker comprises a e-maleimido caproic acid N-

hydroxysuccinamide ester.
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In some embodiments, the linker and the gastrin peptide are separated by
an amino acid spacer, optionally wherein the amino acid spacer is between 1 and
10 amino acids in length, further optionally wherein the amino acid spacer is 7
amino acids in length.

In some embodiments, the presently disclosed pharmaceutical
compositions further comprise an adjuvant, optionally an oil-based adjuvant.

In some embodiments, the immune checkpoint inhibitor inhibits a biological
activity of a target polypeptide selected from the group consisting of cytotoxic T-
lymphocyte antigen 4 (CTLA4), programmed cell death-1 receptor (PD-1), and
programmed cell death 1 receptor ligand (PD-L1). In some embodiments, the
immune checkpoint inhibitor is selected from the group consisting of Ipilimumab,
Tremelimumab, Nivolumab, Pidilizumab, Pembrolizumab, AMP514, AUNP12,
BMS-936559/MDX-1105, Atezolizumab, MPDL3280A, RG7446, R05541267,
MEDI4736, Avelumab and Durvalumab.

In some embodiments, the gastrin-associated tumor and/or cancer is
pancreatic cancer.

In some embodiments of the presently disclosed pharmaceutical
compositions, the first agent comprises an amount of a gastrin peptide
comprising, consisting essentially of, or consisting of an amino acid sequence
selected from the group consisting of EGPWLEEEEE (SEQ ID NO: 1),
EGPWLEEEE (SEQ ID NO: 2), EGPWLEEEEEAY (SEQ ID NO: 3), and
EGPWLEEEEEAYGWMDF (SEQ ID NO: 4) effective to induce an anti-gastrin
humoral response and the second agent comprises an amount of an immune
checkpoint inhibitor that is effective to induce or enhance a cellular immune
response against a gastrin-associated tumor or cancer when administered to a
subject who has gastrin-associated tumor or cancer. In some embodiments, the
glutamic acid residue at amino acid 1 of any of SEQ ID NOs: 1-4 is a
pyroglutamate residue.

In some embodiments of the presently disclosed pharmaceutical
compositions, the first agent comprises one or more anti-CCK-B receptor
antibodies and is present in the pharmaceutical composition in an amount
sufficient to reduce or inhibit gastrin signaling via CCK-B receptors present on a
gastrin-associated tumor or cancer when administered to a subject that has a

gastrin-associated tumor or cancer.
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In some embodiments, the presently disclosed subject matter also provides
methods for treating a gastrin-associated tumor or cancer in a subject. In some
embodiments, the methods comprise administering to the subject an effective
amount of a composition that comprises a first agent that induces and/or provides
an active and/or a passive humoral immune response against a gastrin peptide
and/or a CCK-B receptor; and a second agent that induces and/or provides a
cellular immune response against the gastrin-associated tumor or cancer. In some
embodiments, the first agent is selected from the group consisting of a gastrin
peptide, an anti-gastrin antibody, and an anti-CCK-R antibody. In some
embodiments, the first agent comprises a gastrin peptide, optionally a gastrin
peptide comprising, consisting essentially of, or consisting of an amino acid
sequence selected from the group consisting of EGPWLEEEEE (SEQ ID NO: 1),
EGPWLEEEE (SEQ ID NO: 2), EGPWLEEEEEAY (SEQ ID NO: 3), and
EGPWLEEEEEAYGWMDF (SEQ ID NO: 4). In some embodiments, the glutamic
acid residue at amino acid 1 of any of SEQ ID NOs: 14 is a pyroglutamate
residue. In some embodiments, the gastrin peptide is conjugated to an
immunogenic carrier, optionally via a linker, which in some embodiments can be
selected from the group consisting of diphtheria toxoid, tetanus toxoid, keyhole
limpet hemocyanin, and bovine serum albumin. In some embodiments, the linker
comprises a e-maleimido caproic acid N-hydroxysuccinamide ester. In some
embodiments, the linker and the gastrin peptide are separated by an amino acid
spacer, optionally wherein the amino acid spacer is between 1 and 10 amino
acids in length, further optionally wherein the amino acid spacer is 7 amino acids
in length. In some embodiments, the composition further comprises an adjuvant,
optionally an oil-based adjuvant. In some embodiments, the inducer of the cellular
immune response against the gastrin-associated tumor or cancer comprises an
immune checkpoint inhibitor. In some embodiments, the immune checkpoint
inhibitor inhibits a biological activity of a target polypeptide selected from the
group consisting of cytotoxic T-lymphocyte antigen 4 (CTLA4), programmed cell
death-1 receptor (PD-1), and programmed cell death 1 receptor ligand (PD-L1). In
some embodiments, the immune checkpoint inhibitor is selected from the group
consisting of Ipilimumab, Tremelimumab, Nivolumab, Pidilizumab,
Pembrolizumab, AMP514, AUNP12, BMS-936559/MDX-1105, Atezolizumab,
MPDL3280A, RG7446, RO5541267, MEDI4736, Avelumab and Durvalumab.

-8-
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In some embodiments of the presently disclosed methods, the gastrin-
associated tumor and/or cancer is pancreatic cancer. In some embodiments, the
composition induces a reduction in and/or prevents the development of fibrosis
associated with the pancreatic cancer. In some embodiments, the composition is
administered in a dose selected from the group consisting of about 50 ug to about
1000 ug, about 50 ug to about 500 ug, about 100 ug to about 1000 pg, about 200
Mg to about 1000 pg, and about 250 ug to about 500 g, and optionally wherein
the dose is repeated once, twice, or three times, optionally wherein the second
dose is administered 1 week after the first dose and the third dose, if
administered, is administered 1 or 2 weeks after the second dose.

In some embodiments, the presently disclosed subject matter also provides
methods for treating gastrin-associated tumors and/or cancers. In some
embodiments, the methods comprise administering to a subject in need thereof a
first agent that directly or indirectly inhibits one or more biological activities of
gastrin in the tumor and/or cancer and a second agent comprising a stimulator of
a cellular immune response against the tumor and/or the cancer. In some
embodiments, the first agent directly or indirectly inhibits one or more biological
activities of gastrin in the tumor and/or cancer by providing and/or inducing a
humoral immune response against a gastrin peptide, optionally wherein the agent
is selected from the group consisting of an anti-gastrin antibody and a gastrin
peptide that induces production of neutralizing anti-gastrin antibodies in the
subject; and/or comprises a nucleic acid that inhibits expression of a gastrin gene
product. In some embodiments, the anti-gastrin antibody is an antibody directed
against an epitope present within gastrin-17 (G17). In some embodiments, the
epitope is present within the amino acid sequence EGPWLEEEEE (SEQ ID NO:
1), EGPWLEEEE (SEQ ID NO: 2), EGPWLEEEEEAY (SEQ ID NO: 3), or
EGPWLEEEEEAYGWMDF (SEQ ID NO: 4). In some embodiments, the gastrin
peptide comprises an amino acid sequence selected from the group consisting of
EGPWLEEEEE (SEQ ID NO: 1), EGPWLEEEE (SEQ ID NO: 2),
EGPWLEEEEEAY (SEQ ID NO: 3), and EGPWLEEEEEAYGWMDF (SEQ ID NO:
4). In some embodiments, the glutamic acid residue at amino acid 1 of any of
SEQ ID NOs: 1-4 is a pyroglutamate residue. In some embodiments, the first
agent comprises the gastrin peptide conjugated to an immunogenic carrier,

optionally an immunogenic carrier selected from the group consisting of diphtheria
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toxoid, tetanus toxoid, keyhole limpet hemocyanin, and bovine serum albumin. In
some embodiments, the gastrin peptide is conjugated to the immunogenic carrier
via a linker, optionally a linker that comprises a e-maleimido caproic acid N-
hydroxysuccinamide ester. In some embodiments, the linker and the gastrin
peptide are separated by an amino acid spacer, optionally wherein the amino acid
spacer is between 1 and 10 amino acids in length, further optionally wherein the
amino acid spacer is 7 amino acids in length. In some embodiments, the first
agent further comprises an adjuvant, optionally an oil-based adjuvant. In some
embodiments, the second agent is an immune checkpoint inhibitor. In some
embodiments, the immune checkpoint inhibitor inhibits a biological activity of a
target polypeptide selected from the group consisting of cytotoxic T-lymphocyte
antigen 4 (CTLA4), programmed cell death-1 receptor (PD-1), and programmed
cell death 1 receptor ligand (PD-L1). In some embodiments, the immune
checkpoint inhibitor is selected from the group consisting of Ipilimumab,
Tremelimumab, Nivolumab, Pidilizumab, Pembrolizumab, AMP514, AUNP12,
BMS-936559/MDX-1105, Atezolizumab, MPDL3280A, RG7446, R05541267,
MEDI4736, and Avelumab.

In some embodiments of the presently disclosed method, the gastrin-
associated tumor and/or cancer is pancreatic cancer. In some embodiments, the
first agent induces a reduction in and/or prevents the development of fibrosis
associated with the pancreatic cancer.

In some embodiments, the presently disclosed subject matter provides
methods for inhibiting growth of a gastrin-associated tumor and/or cancer in a
subject. In some embodiments, the methods comprise administering to the
subject a composition that comprises a first agent comprising a gastrin
immunogen, one or more anti-gastrin antibodies, one or more anti-CCK-B
receptor antibodies, or any combination thereof, and a second agent comprising
an immune checkpoint inhibitor. In some embodiments, the first agent is selected
from the group consisting of a gastrin peptide, an anti-gastrin antibody, and an
anti-CCK-R antibody. In some embodiments, the first agent comprises a gastrin
peptide, optionally a gastrin peptide comprising, consisting essentially of, or
consisting of an amino acid sequence selected from the group consisting of
EGPWLEEEEE (SEQ ID NO: 1), EGPWLEEEE (SEQ ID NO: 2),
EGPWLEEEEEAY (SEQ ID NO: 3), and EGPWLEEEEEAYGWMDF (SEQ ID NO:

-10 -
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4). In some embodiments, the glutamic acid residue at amino acid 1 of any of
SEQ ID NOs: 1-4 is a pyroglutamate residue. In some embodiments, the gastrin
peptide is conjugated to an immunogenic carrier, optionally wherein the
immunogenic carrier is selected from the group consisting of diphtheria toxoid,
tetanus toxoid, keyhole limpet hemocyanin, and bovine serum albumin. In some
embodiments, the gastrin peptide is conjugated to an immunogenic carrier via a
linker, optionally wherein the linker comprises a &-maleimido caproic acid N-
hydroxysuccinamide ester. In some embodiments, the linker and the gastrin
peptide are separated by an amino acid spacer, optionally wherein the amino acid
spacer is between 1 and 10 amino acids in length, further optionally wherein the
amino acid spacer is 7 amino acids in length. In some embodiments, methods
employ a composition that further comprises an adjuvant, optionally an oil-based
adjuvant. In some embodiments, the inducer of the cellular immune response
against the gastrin-associated tumor or cancer comprises an immune checkpoint
inhibitor. In some embodiments, the immune checkpoint inhibitor inhibits a
biological activity of a target polypeptide selected from the group consisting of
cytotoxic T-lymphocyte antigen 4 (CTLA4), programmed cell death-1 receptor
(PD-1), and programmed cell death 1 receptor ligand (PD-L1). In some
embodiments, the immune checkpoint inhibitor is selected from the group
consisting of Ipilimumab, Tremelimumab, Nivolumab, Pidilizumab,
Pembrolizumab, AMP514, AUNP12, BMS-936559/MDX-1105, Atezolizumab,
MPDL3280A, RG7446, RO5541267, MEDI4736, Avelumab and Durvalumab.

In some embodiments of the presently disclosed methods, the gastrin-
associated tumor and/or cancer is pancreatic cancer. In some embodiments, the
composition employed in the presently disclosed methods induces a reduction in
and/or prevents the development of fibrosis associated with the pancreatic cancer.
In some embodiments, the composition is administered in a dose selected from
the group consisting of about 50 ug to about 1000 ug, about 50 ug to about 500
Mg, about 100 pg to about 1000 pg, about 200 ug to about 1000 pg, and about
250 g to about 500 g, and optionally wherein the dose is repeated once, twice,
or three times, optionally wherein the second dose is administered 1 week after
the first dose and the third dose, if administered, is administered 1 or 2 weeks

after the second dose.
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The presently disclosed subject matter also provides in some embodiments
methods for inducing and/or enhancing cellular immune responses against
gastrin-associated tumors and/or cancers in subjects. In some embodiments, the
methods comprise administering to a subject that has a gastrin-associated tumor
or cancer an effective amount of a composition comprising an agent that reduces
or inhibits gastrin signaling via CCK-B receptors present on a gastrin-associated
tumor or cancer. In some embodiments, the agent comprises a gastrin peptide, an
anti-gastrin antibody, an anti-CCK-B receptor antibody, or any combination
thereof. In some embodiments, the gastrin peptide comprises a gastrin-17 (G17)
peptide or an immunogenic fragment thereof. In some embodiments, the gastrin
peptide or the immunogenic fragment thereof comprises, consists essentially of,
or consists of an amino acid sequence selected from the group consisting of
EGPWLEEEEE (SEQ ID NO: 1), EGPWLEEEE (SEQ ID NO: 2),
EGPWLEEEEEAY (SEQ ID NO: 3), and EGPWLEEEEEAYGWMDF (SEQ ID NO:
4). In some embodiments, the glutamic acid residue at amino acid 1 of any of
SEQ ID NOs: 1-4 is a pyroglutamate residue. In some embodiments, the agent
comprises a gastrin peptide conjugated to an immunogenic carrier, optionally
wherein the immunogenic carrier is selected from the group consisting of
diphtheria toxoid, tetanus toxoid, keyhole limpet hemocyanin, and bovine serum
albumin. In some embodiments, the gastrin peptide is conjugated to the
immunogenic carrier via a linker, optionally a linker comprising a e-maleimido
caproic acid N-hydroxysuccinamide ester. In some embodiments, the linker and
the gastrin peptide are separated by an amino acid spacer, optionally wherein the
amino acid spacer is between 1 and 10 amino acids in length, further optionally
wherein the amino acid spacer is 7 amino acids in length. In some embodiments,
the composition employed in the presently disclosed methods further comprises
an adjuvant, optionally an oil-based adjuvant.

In some embodiments, the presently disclosed subject matter also provides
methods for sensitizing tumors and/or cancers associated with gastrin and/or
CCK-B receptor signaling in subject to inducers of cellular immune responses
directed against the tumors and/or cancers. In some embodiments, the methods
comprise administering to the subject a composition comprising a first agent that
induces and/or provides an active and/or a passive humoral immune response

against a gastrin peptide, and a second agent that induces and/or provides a
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cellular immune response against the tumor and/or the cancer, or a combination
thereof, optionally wherein the first agent and the second agent are individually
selected from the group consisting of a gastrin peptide and/or a fragment and/or a
derivative thereof that induces a cellular immune response or production of
neutralizing anti-gastrin antibodies in the subject and a neutralizing anti-gastrin
antibody and/or a fragment and/or derivative thereof and; and/or a composition
comprising a nucleic acid that inhibits expression of a gastrin gene product; and/or
a composition comprising an agent that blocks the biological function of gastrin at
the CCK-B receptor. In some embodiments, the anti-gastrin antibody is an
antibody directed against an epitope present within gastrin-17 (G17). In some
embodiments, the epitope is present within the amino acid sequence
EGPWLEEEEE (SEQ ID NO: 1) or EGPWLEEEE (SEQ ID NO: 2) or
EGPWLEEEEEAY (SEQ ID NO: 3) OR EGPWLEEEEEAYGWMDF (SEQ ID NO:
4). In some embodiments, the glutamic acid residue at amino acid 1 of any of
SEQ ID NOs: 1-4 is a pyroglutamate residue. In some embodiments, the
composition comprises the gastrin peptide conjugated to an immunogenic carrier.
In some embodiments, the gastrin peptide comprises an amino acid sequence
selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO:
3 and SEQ ID NO: 4. In some embodiments, the immunogenic carrier is selected
from the group consisting of diphtheria toxoid, tetanus toxoid, keyhole limpet
hemocyanin, and bovine serum albumin. In some embodiments, the gastrin
peptide is conjugated to the immunogenic carrier via a linker. In some
embodiments, the linker comprises a e-maleimido caproic acid N-
hydroxysuccinamide ester. In some embodiments, the linker and the gastrin
peptide are separated by an amino acid spacer, optionally wherein the amino acid
spacer is between 1 and 10 amino acids in length, further optionally wherein the
amino acid spacer is 7 amino acids in length. In some embodiments, the
composition employed in the presently disclosed methods further comprises an
adjuvant, optionally an oil-based adjuvant. In some embodiments, the inducer of
the cellular immune response against the gastrin-associated tumor and/or cancer
comprises an immune checkpoint inhibitor. In some embodiments, the immune
checkpoint inhibitor inhibits a biological activity of a target polypeptide selected
from the group consisting of cytotoxic T-lymphocyte antigen 4 (CTLA4),

programmed cell death-1 receptor (PD-1), and programmed cell death 1 receptor
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ligand (PD-L1). In some embodiments, the immune checkpoint inhibitor is
selected from the group consisting of Ipilimumab, Tremelimumab, Nivolumab,
Pidilizumab, Pembrolizumab, AMP514, AUNP12, BMS-936559/MDX-1105,
Atezolizumab, MPDL3280A, RG7446, R0O5541267, MEDI4736, Avelumab and
Durvalumab.

In some embodiments of the presently disclosed methods, the gastrin-
associated tumor and/or cancer is pancreatic cancer. In some embodiments, the
composition induces a reduction in and/or prevents the development of fibrosis
associated with the pancreatic cancer. In some embodiments, the composition is
administered in a dose selected from the group consisting of about 50 ug to about
1000 ug, about 50 ug to about 500 ug, about 100 ug to about 1000 pg, about 200
Mg to about 1000 pg, and about 250 ug to about 500 g, and optionally wherein
the dose is repeated once, twice, or three times, optionally wherein the second
dose is administered 1 week after the first dose and the third dose, if
administered, is administered 1 or 2 weeks after the second dose.

The presently disclosed subject matter also provides in some embodiments
methods for preventing, reducing, and/or eliminating formation of fibrosis
associated with tumors and/or cancers. In some embodiments, the methods
comprise contacting cells of tumors and/or cancers with an agent that directly or
indirectly inhibits one or more biological activities of gastrin in the tumor and/or
cancer. In some embodiments, the agent provides and/or induces a humoral
immune response against a gastrin peptide, optionally wherein the agent is
selected from the group consisting of an anti-gastrin antibody, and/or a fragment
and/or derivative thereof, and a gastrin peptide that induces production of
neutralizing anti-gastrin antibodies in the subject; and/or comprises a nucleic acid
that inhibits expression of a gastrin gene product; and/or comprises a small
molecule compound that blocks the function of the gastrin hormone. In some
embodiments, the anti-gastrin antibody is an antibody directed against an epitope
present within gastrin-17 (G17). In some embodiments, the epitope is present
within the amino acid sequence EGPWLEEEEE (SEQ ID NO: 1), EGPWLEEEE
(SEQ ID NO: 2), EGPWLEEEEEAY (SEQ ID NO: 3), or
EGPWLEEEEEAYGWMDF (SEQ ID NO: 4). In some embodiments, the glutamic
acid residue at amino acid 1 of any of SEQ ID NOs: 14 is a pyroglutamate

residue. In some embodiments, the agent comprises the gastrin peptide that
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induces production of neutralizing anti-gastrin antibodies conjugated to an
immunogenic carrier. In some embodiments, the gastrin peptide comprises an
amino acid sequence selected from the group consisting of EGPWLEEEEE (SEQ
ID NO: 1), EGPWLEEEE (SEQ ID NO: 2), EGPWLEEEEEAY (SEQ ID NO: 3),
and EGPWLEEEEEAYGWMDF (SEQ ID NO: 4). In some embodiments, the
glutamic acid residue at amino acid 1 of any of SEQ ID NOs: 1-4 is a
pyroglutamate residue. In some embodiments, the immunogenic carrier is
selected from the group consisting of diphtheria toxoid, tetanus toxoid, keyhole
limpet hemocyanin, and bovine serum albumin. In some embodiments, the gastrin
peptide is conjugated to the immunogenic carrier via a linker, optionally a linker
comprising a e-maleimido caproic acid N-hydroxysuccinamide ester. In some
embodiments, the linker and the gastrin peptide are separated by an amino acid
spacer, optionally wherein the amino acid spacer is between 1 and 10 amino
acids in length, further optionally wherein the amino acid spacer is 7 amino acids
in length. In some embodiments, the agent further comprises an adjuvant,
optionally an oil-based adjuvant. In some embodiments, the presently disclosed
methods further comprise contacting the tumor and/or the cancer with a second
agent comprising a stimulator of a cellular immune response against the tumor
and/or the cancer. In some embodiments, the second agent is an immune
checkpoint inhibitor. Isae, the immune checkpoint inhibitor inhibits a biological
activity of a target polypeptide selected from the group consisting of cytotoxic T-
lymphocyte antigen 4 (CTLA4), programmed cell death-1 receptor (PD-1), and
programmed cell death 1 receptor ligand (PD-L1). In some embodiments, the
immune checkpoint inhibitor is selected from the group consisting of Ipilimumab,
Tremelimumab, Nivolumab, Pidilizumab, Pembrolizumab, AMP514, AUNP12,
BMS-936559/MDX-1105, Atezolizumab, MPDL3280A, RG7446, R05541267,
MEDI4736, and Avelumab. In some embodiments of the presently disclosed
methods, the tumor and/or cancer is pancreatic cancer.

The presently disclosed subject matter also provides in some embodiments
uses of the pharmaceutical compositions disclosed herein for producing a
medicament for treating a gastrin-associated tumor or cancer.

The presently disclosed subject matter also provides in some embodiments
uses of the presently disclosed pharmaceutical compositions for treating a gastrin-

associated tumors and/or cancer.
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The presently disclosed subject matter also provides in some embodiments
uses of the presently disclosed pharmaceutical compositions for preventing,
reducing, and/or eliminating metastasis of a gastrin-associated tumor or cancer by
administering to a subject having a gastrin-associated tumor or cancer an amount
of a pharmaceutical composition as disclosed herein sufficient to enhance the
number of CD47/CD8™ Temra cells in the subject that respond to the gastrin-
associated tumor or cancer.

The presently disclosed subject matter also provides in some embodiments
uses of the presently disclosed pharmaceutical compositions for increasing the
number of Tgura cells in a subject that respond to a gastrin-associated tumor or
cancer.

The presently disclosed subject matter also provides in some embodiments
uses of compositions comprising an immune checkpoint inhibitor and a gastrin
immunogen to treat a gastrin-associated tumor or cancer.

The presently disclosed subject matter also provides in some embodiments
uses of compositions comprising an immune checkpoint inhibitor and a gastrin
immunogen for the preparation of a medicament to treat a gastrin-associated
tumor or cancer.

The presently disclosed subject matter also provides in some embodiments
uses of the presently disclosed pharmaceutical compositions for preventing,
reducing, and/or eliminating metastasis of a gastrin-associated tumor or cancer.
In some embodiments, the presently disclosed subject matter relates to
administering to a subject having a gastrin-associated tumor or cancer an amount
of a pharmaceutical composition as disclosed herein sufficient to enhance the
number of CD8" tumor infiltrating lymphocytes. In some embodiments, the use
results in improved survival, reduction of tumor growth, and/or enhanced efficacy
of chemotherapy and/or immune checkpoint therapy as compared to that seen in
subjects that do not receive a pharmaceutical composition as disclosed herein.

Use of the pharmaceutical composition of any one of claims 1-13 for
preventing, reducing, and/or eliminating metastasis of a gastrin-associated tumor
or cancer by administering to a subject having a gastrin-associated tumor or
cancer an amount of the pharmaceutical composition of any one of claims 1-13

sufficient to reduce the number of FoxP3" inhibitory T-regulatory cells.
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Thus, it is an object of the presently disclosed subject matter to provide a
method for treating gastrin-associated or CCK-B receptor-containing tumors
and/or cancers.

An object of the presently disclosed subject matter having been stated
hereinabove, and which is achieved in whole or in part by the compositions and
methods disclosed herein, other objects will become evident as the description
proceeds when taken in connection with the accompanying Figures as best
described herein below.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic of an exemplary experimental strategy for testing
the ability of patent applications with or without an immune checkpoint inhibitor to
influence growth of a pancreatic cell tumor in mice. In a particular embodiment,
subcutaneous tumors were produced by injecting C57BL/6 mice with 5 x 10°
murine mT3 pancreatic cancer cells (C57BL/6 is syngeneic with mT3 cells) at -1
week before treatment. Groups of 10 mice (40 total) were treated with PAS at t =
0, 1, and 3 weeks and/or an anti-PD-1 antibody (PD1-1 Ab; Bio X cell, West
Lebanon, New Hampshire, United States of America) att = 0, 4, 8, 15, and 21
days. Between treatments, tumor volumes were measured. The study was ended
and PBMC were collected from spleens and tumors were excised from the mice
and analyzed.

Figure 2 is a bar graph showing mean tumor weights in grams in mT3-
bearing mice following treatment with control (phosphate-buffered saline only;
PBS), PAS alone (100 ug per administration; PAS100), PD-1 Ab alone (150 ug
per administration; PD-1), or the combination of PAS (100 ug per administration)
and PD-1 Ab (150 ug per administration; PAS100 + PD-1). NS: p = 0.05 (i.e., not
significant); * p < 0.05 compared to PBS and compared to PAS100; * p = 0.0017
as compared to PD-1. Error bars are + SEM.

Figures 3A and 3B are a series of plots of CD47/CD8  and CD47/CD8”
Temra Cells present in CD3 terminally differentiated T cells after treatment with
PBS, PD-1 Ab alone (150 ug per administration; PD1), PAS alone (100 ug per
administration; PAS), or the combination of PAS (100 ug per administration) and
PD-1 Ab (150 ug per administration; PAS/PD1). Figure 3A shows the percentages
of CD3/CD47/CD8™ and CD3"/CD47/CD8/CD447/CD62L" (i.e. Temra) cells in

mice that underwent various treatments. Figure 3B shows the portion of
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CD3*/CD47/CD8™ cells that were CD3*/CD47/CD87/CD447/CD62L™ Temra cells.
The portion of cells was calculated by taking the percentage of CD3"/CD47/CD8"
lymphocytes multiplied by the percentage of CD3"/CD47/CD8/CD447/CD62L~
Temra cells in the CD47/CD8” lymphocytes /10000 to calculate the portion of CD4~
/CD87/CD447/CD62L" Temra cells in the CD3™ T cell fraction (see Figure 3B). * p <
0.05; ** p < 0.01. Error bars are £ 1 standard deviation.

Figures 4A and 4B are a series of bar graphs summarizing a cytokine
activation assay with respect to TNFa, Granzyme B, Perforin, and INFy in various
T cell subpopulations without (Figure 4A) and with (Figure 4B) re-stimulation with
gastrin after treatment with PAS100. Figure 4A shows that the T cells isolated
from the spleens of mice treated with PAS100 were indeed activated. When these
same cells were re-stimulated with gastrin in culture for 6 hours (Figure 4B), they
were re-stimulated and released even more of each cytokine. Black bars: INFy.
Light gray bars: Granzyme B. Dark gray bars: Perforin. Hatched gray bars: TNFa.

Figures 5A and 5B are a series of bar graphs comparing cytokine release
with respect to TNFa, Granzyme B, Perforin, and INFy in CD47/CD8"™ (left group in
each Figure), CD8" (middle group in each Figure), and CD4" (right group in each
Figure) T cell subpopulations treated with PAS100 monotherapy (Figure 5A) or
PAS100 + PD-1 combination therapy (Figure 5B). Activated T lymphocytes
released increased cytokines compared to lymphocytes from PBS treated mice.
The lymphocytes from the combination treated mice released markedly higher
levels of cytokines, suggesting that the combination therapy was better at
stimulating activated T cells. TNFa in particular was increased greater than 2-fold
with the PAS + PD-1 Ab combination therapy. Black bars: INFy. Light gray bars:
Granzyme B. Dark gray bars: Perforin. Hatched gray bars: TNFa.

Figures 6A and 6B show the results of PBS control, PD-1 monotherapy,
PAS100 monotherapy, and PAS100 & PD-1 combination therapy on the
development of fibrosis in mT3 pancreatic cancer cell tumors in mice. Figure 6A
depicts mT3 tumors stained with Masson’s Trichrome Stain, which stains collagen
blue and provides an indicator of fibrosis. Figure 6B is a bar graph summarizing
the results of the staining depicted in Figure 6A. Of note is that whereas the
integrated density of the tumors treated with PD-1 monotherapy and PAS100
monotherapy were insignificantly different the negative control PBS treatment, the

PAS + PD-1 Ab combination therapy resulted in a decrease in density (and hence
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fibrosis) that was statistically significant as compared to PBS alone (p < 0.005)
and also PAS100 alone (p < 0.001). *** p < 0.005 compared to PBS and p < 0.001
as compared to PAS100. Black bar: PBS. Light gray bar: PD-1 alone. White bar:
PAS100 alone. Hatched gray bar: PAS100 + PD-1.

Figures 7A and 7B show the results of PBS control, PD-1 monotherapy,
PAS100 monotherapy, and PAS100 & PD-1 combination therapy on infiltration of
CD8" cells into mT3 pancreatic cancer cell tumors in mice. Figure 7A depicts
exemplary mT3 tumors stained with an antibody that binds to the CD8 after
treatment with PBS, PD-1 Ab (PD-1) monotherapy, PAS100 monotherapy (patent
applications), and PAS100 & PD-1 combination therapy on infiltration of CD8"
cells into mT3 pancreatic cancer cell tumors in mice. Figure 7B is a bar graph
summarizing the data exemplified by Figure 7A. Treatment with PD-1 (PD-1 Ab)
monotherapy or PAS100 alone resulted in significantly higher levels of CD8" cells
in tumors (p = 0.0019 and p = 0.0026, respectively) as compared to the negative
control PBS treatment. The PAS + PD-1 Ab combination therapy resulted in even
greater levels of CD8" cells in tumors when compared to PBS alone (p = 4.7 x 10°
%) as well as when compared to PD-1 alone (p = 0.042) and when compared to
PAS100 alone (p = 0.039). PD-1 alone compared to PAS100 alone was not
significantly different (p > 0.05). **p = 0.0026; ***p = 0.0019; ****p = 4.7 x 10™ as
compared to PBS. Error bars are £+ SEM.

Figures 8A and 8B depict analyses of Foxp3™ cells in mT3 tumors. Figure
8A depicts exemplary mT3 tumors stained with an antibody that binds to the
Foxp3 protein, a marker for T,g. Comparison of the fields shows that as
compared to PBS (upper left panel), PD-1 monotherapy (upper right panel), or
PAS100 monotherapy (lower left panel), PAS100 & PD-1 combination therapy
resulted in a decrease in the presence of intratumoral Trgs, suggesting that
PAS100 + PD-1 combination therapy might modify the intratumoral environment
to an extent where the intratumoral microenvironment might be characterized by a
lower degree of Teg-based immunosuppression as compared to either
monotherapy alone. Figure 8B is a bar graph summarizing the data exemplified by
Figure 8A. As compared to PBS, the number of Foxp3* cells in tumors treated
with PD-1 monotherapy or PAS100 monotherapy was not significantly different.
Tumors treated with PAS100 + PD-1 Ab combination therapy had significantly
fewer Foxp3™ cells than the negative control. * p = 0.038. Black bar: PBS. Light
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gray bar: PD-1 Ab alone. White bar: PAS100 alone. Hatched gray bar: PAS100 +
PD-1 Ab. Error bars are + SEM.
DETAILED DESCRIPTION
Headings are included herein for reference and to aid in locating certain
sections. These headings are not intended to limit the scope of the concepts
described therein under, and these concepts can have applicability in other

sections throughout the entire description.

L General Considerations

The presently disclosed subject matter relates in some embodiments to
methods and systems for treating human and animal cancers using combinations
of treatments that together generate both a humoral immune anti-tumor effect plus
a cellular immune anti-tumor effect. More particularly, the presently disclosed
subject matter relates in some embodiments to using particular combinations of
drugs that: (1) induce immunologic humoral B cell responses that generate
antibodies against the tumor and/or circulating tumor growth factor(s); and (2)
induce or otherwise enhance immunologic cellular T cell responses directed
against the tumor to elicit cytotoxic T lymphocyte responses. More particularly, the
presently disclosed subject matter relates in some embodiments to methods and
systems for treating human cancers using an anti-gastrin cancer vaccine in
combination with a second drug that causes immune checkpoint blockade. Even
more particularly, the presently disclosed subject matter relates in some
embodiments to treating specific human cancers with one or more cancer
vaccines designed to elicit a B cell antibody response to the active form of the
growth factor gastrin. As disclosed herein for the first time, in some embodiments
anti-gastrin vaccines can result in a human tumor becoming responsive to
treatment with an immune checkpoint inhibitor, thus creating an unexpected
additive or even synergistic combination therapy effect that enhances overall anti-
tumor efficacy.

The presently disclosed subject matter also relates in some embodiments
to methods for the treatment of tumors and/or cancers using a combination of
methods, which generate both a humoral antibody immune response (a gastrin
cancer vaccine) and a cellular T cell immune response (immune checkpoint
blockade). In some embodiments, the presently disclosed subject matter relates to

compositions and methods that produce novel, unexpected, additive, and/or
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synergistic efficacy in treating human and animal gastrointestinal tumors using a
novel and unique combination of drug classes which generate both a humoral
immune anti-tumor effect plus a cellular immune anti-tumor effect. In some
embodiments, the presently disclosed subject matter relates to using specific
combinations of drugs that: (1) induce immunologic humoral B cell responses to
tumor growth factors and/or circulating tumor growth factors; and (2) cause and/or
enhance immunologic cellular T cell responses directed against tumors to elicit
cytotoxic T lymphocyte responses. In some embodiments, the presently disclosed
subject matter relates to methods and systems for treating human and animal
cancers using the presently disclosed combinations of gastrin cancer vaccines
and one or more second drugs that causes immune checkpoint blockade. In some
embodiments, the presently disclosed subject matter relates to treating specific
human cancers with one or more cancer vaccines designed to elicit B cell
antibody responses to the active form of the growth factor gastrin, which as
disclosed herein unexpectedly also results in the human tumor becoming more
responsive to the treatment with an immune checkpoint inhibitor, thus creating an
unexpected, additive, or even synergistic combination therapy effect that
enhances anti-tumor efficacy. In some embodiments, the presently disclosed
subject matter thus relates to using PAS with immune checkpoint inhibitors. In
some embodiments, the presently disclosed subject matter relates to using PAS
as a cancer vaccine to induce both a humoral and a cellular immune response.

1. Definitions

The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the presently disclosed
subject matter.

While the following terms are believed to be well understood by one of
ordinary skill in the art, the following definitions are set forth to facilitate
explanation of the presently disclosed subject matter.

All technical and scientific terms used herein, unless otherwise defined
below, are intended to have the same meaning as commonly understood by one
of ordinary skill in the art. References to techniques employed herein are intended
to refer to the techniques as commonly understood in the art, including variations
on those techniques or substitutions of equivalent techniques that would be

apparent to one of skill in the art. While the following terms are believed to be well
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understood by one of ordinary skill in the art, the following definitions are set forth
to facilitate explanation of the presently disclosed subject matter.

In describing the presently disclosed subject matter, it will be understood
that a number of techniques and steps are disclosed. Each of these has individual
benefit and each can also be used in conjunction with one or more, or in some
cases all, of the other disclosed techniques.

Accordingly, for the sake of clarity, this description will refrain from
repeating every possible combination of the individual steps in an unnecessary
fashion. Nevertheless, the specification and claims should be read with the
understanding that such combinations are entirely within the scope of the
presently disclosed and claimed subject matter.

[{Pe ) 13

Following long-standing patent law convention, the terms “a”, “an”, and

“‘the” refer to “one or more” when used in this application, including in the claims.
For example, the phrase “an inhibitor” refers to one or more inhibitors, including a
plurality of the same inhibitor. Similarly, the phrase “at least one”, when employed
herein to refer to an entity, refers to, for example, 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 15,
20, 25, 30, 35, 40, 45, 50, 75, 100, or more of that entity, including but not limited
to whole number values between 1 and 100 and greater than 100.

Unless otherwise indicated, all numbers expressing quantities of
ingredients, reaction conditions, and so forth used in the specification and claims
are to be understood as being modified in all instances by the term “about”. The
term “about’, as used herein when referring to a measurable value such as an
amount of mass, weight, time, volume, concentration, or percentage, is meant to
encompass variations of in some embodiments +20%, in some embodiments
+10%, In some embodiments 5%, in some embodiments *1%, in some
embodiments +0.5%, and in some embodiments £0.1 % from the specified
amount, as such variations are appropriate to perform the disclosed methods
and/or employ the disclosed compositions. Accordingly, unless indicated to the
contrary, the numerical parameters set forth in this specification and attached
claims are approximations that can vary depending upon the desired properties
sought to be obtained by the presently disclosed subject matter.

As used herein, the term “and/or” when used in the context of a list of

entities, refers to the entities being present singly or in combination. Thus, for
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example, the phrase “A, B, C, and/or D” includes A, B, C, and D individually, but
also includes any and all combinations and subcombinations of A, B, C, and D.

As used herein, the terms “antibody” and “antibodies” refer to proteins
comprising one or more polypeptides substantially encoded by immunoglobulin
genes or fragments of immunoglobulin genes. Immunoglobulin genes typically
include the kappa (k), lambda (A), alpha (a), gamma (y), delta (d), epsilon (¢), and
mu (M) constant region genes, as well as myriad immunoglobulin variable region
genes. Light chains are classified as either k or A. In mammals, heavy chains are
classified as y, W, &, 8, or €, which in turn define the immunoglobulin classes, 1gG,
IgM, IgA, IgD, and IgE, respectively. Other species have other light and heavy
chain genes (e.g., certain avians produced what is referred to as IgY, which is an
immunoglobulin type that hens deposit in the yolks of their eggs), which are
similarly encompassed by the presently disclosed subject matter. In some
embodiments, the term “antibody” refers to an antibody that binds specifically to
an epitope that is present on a gastrin gene product, including but not limited to an
epitope that is present within an amino acid sequence as set forth in SEQ ID NO:
1or SEQ ID NO: 2 or SEQ ID NO: 3 or SEQ ID NO: 4.

A typical immunoglobulin (antibody) structural unit is known to comprise a
tetramer. Each tetramer is composed of two identical pairs of polypeptide chains,
each pair having one ‘light’” chain (average molecular weight of about 25
kilodalton (kDa)) and one “heavy” chain (average molecular weight of about 50-70
kDa). The two identical pairs of polypeptide chains are held together in dimeric
form by disulfide bonds that are present within the heavy chain region. The N-
terminus of each chain defines a variable region of about 100 to 110 or more
amino acids primarily responsible for antigen recognition. The terms variable light
chain (VL) and variable heavy chain (Vy) refer to these light and heavy chains,
respectively.

Antibodies typically exist as intact immunoglobulins or as a number of well-
characterized fragments that can be produced by digestion with various
peptidases. For example, digestion of an antibody molecule with papain cleaves
the antibody at a position N-terminal to the disulfide bonds. This produces three
fragments: two identical “Fab” fragments, which have a light chain and the N-
terminus of the heavy chain, and an “Fc” fragment that includes the C-terminus of

the heavy chains held together by the disulfide bonds. Pepsin, on the other hand,
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digests an antibody C-terminal to the disulfide bond in the hinge region to produce
a fragment known as the “F(ab)’»” fragment, which is a dimer of the Fab fragments
joined by the disulfide bond. The F(ab)’, fragment can be reduced under mild
conditions to break the disulfide linkage in the hinge region, thereby converting the
F(ab’), dimer into two Fab’ monomers. The Fab’ monomer is essentially an Fab
fragment with part of the hinge region (see e.g., Paul, 1993 for a more detailed
description of other antibody fragments). With respect to these various fragments,
Fab, F(ab’),, and Fab’ fragments include at least one intact antigen binding
domain, and thus are capable of binding to antigens.

While various antibody fragments are defined in terms of the digestion of
an intact antibody, one of skill will appreciate that various of these fragments
(including, but not limited to Fab’ fragments) can be synthesized de novo either
chemically or by utilizing recombinant DNA methodology. Thus, the term
“antibody” as used herein also includes antibody fragments either produced by the
modification of whole antibodies or synthesized de novo using recombinant DNA
methodologies. In some embodiments, the term “antibody” comprises a fragment
that has at least one antigen binding domain.

Antibodies can be polyclonal or monoclonal. As used herein, the term
“polyclonal” refers to antibodies that are derived from different antibody-producing
cells (e.g., B cells) that are present together in a given collection of antibodies.
Exemplary polyclonal antibodies include but are not limited to those antibodies
that bind to a particular antigen and that are found in the blood of an animal after
that animal has produced an immune response against the antigen. However, it is
understood that a polyclonal preparation of antibodies can also be prepared
artificially by mixing at least non-identical two antibodies. Thus, polyclonal
antibodies typically include different antibodies that are directed against (i.e.,
binds to) different epitopes (sometimes referred to as an “antigenic determinant”
or just “determinant”) of any given antigen.

As used herein, the term “monoclonal’ refers to a single antibody species
and/or a substantially homogeneous population of a single antibody species.
Stated another way, “monoclonal” refers to individual antibodies or populations of
individual antibodies in which the antibodies are identical in specificity and affinity
except for possible naturally occurring mutations, or post-translational

modifications that can be present in minor amounts. Typically, a monoclonal
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antibody (mAb) is generated by a single B cell or a progeny cell thereof (although
the presently disclosed subject matter also encompasses “monoclonal’ antibodies
that are produced by molecular biological techniques as described herein).
Monoclonal antibodies (mAbs) are highly specific, typically being directed against
a single antigenic site. Furthermore, in contrast to polyclonal antibody
preparations, a given mAb is typically directed against a single epitope on the
antigen.

In addition to their specificity, mAbs can be advantageous for some
purposes in that they can be synthesized uncontaminated by other antibodies.
The modifier “monoclonal” is not to be construed as requiring production of the
antibody by any particular method, however. For example, in some embodiments,
the mAbs of the presently disclosed subject matter are prepared using the
hybridoma methodology first described by Kohler et al.,, 1975, and in some
embodiments, are made using recombinant DNA methods Iin bacterial or
eukaryotic animal or plant cells (see e.g., U.S. Patent No. 4,816,567, the entire
contents of which are incorporated herein by reference). mAbs can also be
isolated from phage antibody libraries using the techniques described in Clackson
et al.,, 1991 and Marks et al., 1991, for example.

The antibodies, fragments, and derivatives of the presently disclosed
subject matter can also include chimeric antibodies. As used herein in the context
of antibodies, the term “chimeric’, and grammatical variants thereof, refers to
antibody derivatives that have constant regions derived substantially or
exclusively from antibody constant regions from one species and variable regions
derived substantially or exclusively from the sequence of the variable region from
another species. A particular kind of chimeric antibody is a *humanized” antibody,
in which the antibodies are produced by substituting the complementarity
determining regions (CDRs) of, for example, a mouse antibody, for the CDRs of a
human antibody (see e.g., PCT International Patent Application Publication No.
WO 1992/22653). Thus, in some embodiments, a humanized antibody has
constant regions and variable regions other than the CDRs that are derived
substantially or exclusively from the corresponding human antibody regions, and
CDRs that are derived substantially or exclusively from a mammal other than a

human.
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The antibodies, fragments, and derivatives of the presently disclosed
subject matter can also be single chain antibodies and single chain antibody
fragments. Single-chain antibody fragments contain amino acid sequences having
at least one of the variable regions and/or CDRs of the whole antibodies
described herein but are lacking some or all of the constant domains of those
antibodies. These constant domains are not necessary for antigen binding but
constitute a major portion of the structure of whole antibodies.

Single-chain antibody fragments can overcome some of the problems
associated with the use of antibodies containing a part or all of a constant domain.
For example, single-chain antibody fragments tend to be free of undesired
interactions between biological molecules and the heavy-chain constant region, or
other unwanted biological activity. Additionally, single-chain antibody fragments
are considerably smaller than whole antibodies and can therefore have greater
capillary permeability than whole antibodies, allowing single-chain antibody
fragments to localize and bind to target antigen-binding sites more efficiently.
Also, antibody fragments can be produced on a relatively large scale in
prokaryotic cells, thus facilitating their production. Furthermore, the relatively small
size of single-chain antibody fragments makes them less likely to provoke an
immune response in a recipient than whole antibodies. The single-chain antibody
fragments of the presently disclosed subject matter include but are not limited to
single chain fragment variable (scFv) antibodies and derivatives thereof such as,
but not limited to tandem di-scFv, tandem tri-scFv, diabodies, and triabodies,
tetrabodies, miniantibodies, and minibodies.

Fv fragments correspond to the variable fragments at the N-termini of
immunoglobulin heavy and light chains. Fv fragments appear to have lower
interaction energy of their two chains than Fab fragments. To stabilize the
association of the Vy and V| domains, they have been linked with peptides (see
Bird et al., 1988; Huston et al., 1988), disulfide bridges (Glockshuber et al., 1990),
and “knob in hole” mutations (Zhu et al., 1997). ScFv fragments can be produced
by methods well known to those skilled in the art (see e.g., Whitlow et al., 1991
and Huston et al., 1993.

scFv can be produced in bacterial cells such as E. coli or in eukaryotic
cells. One potential disadvantage of scFv is the monovalency of the product,

which can preclude an increased avidity due to polyvalent binding, and their short
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half-life. Attempts to overcome these problems include bivalent (scFv’), produced
from scFv containing an additional C-terminal cysteine by chemical coupling
(Adams et al., 1993; McCartney et al., 1995) or by spontaneous site-specific
dimerization of scFv containing an unpaired C-terminal cysteine residue (see
Kipriyanov et al., 1995).

Alternatively, scFv can be forced to form multimers by shortening the
peptide linker to 3 to 12 residues to form “diabodies” (see Holliger et al., 1993).
Reducing the linker still further can result in scFv trimers (“triabodies”; see Kortt et
al., 1997) and tetramers (“tetrabodies”; see Le Gall et al., 1999). Construction of
bivalent scFv molecules can also be achieved by genetic fusion with protein
dimerizing motifs to form “miniantibodies” (see Pack et al., 1992) and “minibodies”
(see Hu et al., 1996). scFv-scFv tandems ((scFv)2) can be produced by linking two
scFv units by a third peptide linker (see Kurucz et al., 1995).

Bispecific diabodies can be produced through the non-covalent association
of two single chain fusion products consisting of Vy domain from one antibody
connected by a short linker to the V| domain of another antibody (see Kipriyanov
et al., 1998). The stability of such bispecific diabodies can be enhanced by the
introduction of disulfide bridges or “knob in hole” mutations as described
hereinabove or by the formation of single chain diabodies (scDb) wherein two
hybrid scFv fragments are connected through a peptide linker (see Kontermann et
al., 1999).

Tetravalent bispecific molecules can be produced, for example, by fusing
an scFv fragment to the CH3 domain of an IgG molecule or to a Fab fragment
through the hinge region (see Coloma et al.,, 1997). Alternatively, tetravalent
bispecific molecules have been created by the fusion of bispecific single chain
diabodies (see Alt et al., 1999). Smaller tetravalent bispecific molecules can also
be formed by the dimerization of either scFv-scFv tandems with a linker containing
a helix-loop-helix motif (DiBi miniantibodies; see Muller et al., 1998) or a single
chain molecule comprising four antibody variable domains (Vy and VL) in an
orientation preventing intramolecular pairing (tandem diabody; see Kipriyanov et
al., 1999).

Bispecific F(ab’), fragments can be created by chemical coupling of Fab’

fragments or by heterodimerization through leucine zippers (see Shalaby et al.,
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1992; Kostelny et al., 1992). Also available are isolated Vy and V| domains (see
U.S. Patent Nos. 6,172,197, 6,248,516; and 6,291,158).

The presently disclosed subject matter also includes functional equivalents
of anti-gastrin antibodies. As used herein, the phrase “functional equivalent” as it
refers to an antibody refers to a molecule that has binding characteristics that are
comparable to those of a given antibody. In some embodiments, chimerized,
humanized, and single chain antibodies, as well as fragments thereof, are
considered functional equivalents of the corresponding antibodies upon which
they are based.

Functional equivalents also include polypeptides with amino acid
sequences substantially the same as the amino acid sequence of the variable or
hypervariable regions of the antibodies of the presently disclosed subject matter.
As used herein with respect to amino acid sequences, the phrase “substantially
the same” refers to a sequence with, in some embodiments at least 80%, in some
embodiments at least 85%, in some embodiments at least about 90%, in some
embodiments at least 91%, in some embodiments at least 92%, in some
embodiments at least 93%, in some embodiments at least 94%, in some
embodiments at least 95%, in some embodiments at least 96%, in some
embodiments at least 97%, in some embodiments at least 98%, and in some
embodiments at least about 99% sequence identity to another amino acid
sequence, as determined by the FASTA search method in accordance with
Pearson & Lipman, 1988. In some embodiments, the percent identity calculation is
performed over the full length of the amino acid sequence of an antibody of the
presently disclosed subject matter.

Functional equivalents further include fragments of antibodies that have the
same or comparable binding characteristics to those of a whole antibody of the
presently disclosed subject matter. Such fragments can contain one or both Fab
fragments, the F(ab'), fragment, the F(ab’) fragment, an Fv fragment, or any other
fragment that includes at least one antigen binding domain. In some
embodiments, the antibody fragments contain all six CDRs of a whole antibody of
the presently disclosed subject matter, although fragments containing fewer than
all of such regions, such as three, four, or five CDRs, can also be functional
equivalents as defined herein. Further, functional equivalents can be or can

combine members of any one of the following immunoglobulin classes: IgG, IgM,
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IgA, IgD, and IgE, and the subclasses thereof, as well as other subclasses as
might be appropriate for non-mammalian subjects (e.g., IgY for chickens and
other avian species).

Functional equivalents further include peptides that have the same or
comparable characteristics to those of a whole protein of the presently disclosed
subject matter. Such peptides can contain one or more antigens of the whole
protein, which can elicit an immune response in the treated subject.

Functional equivalents also include aptamers and other non-antibody
molecules, provided that such molecules have the same or comparable binding
characteristics to those of a whole antibody of the presently disclosed subject
matter.

” o

The term “comprising”, which is synonymous with “including” “containing”,
or “characterized by”, is inclusive or open-ended and does not exclude additional,
unrecited elements and/or method steps. “Comprising” is a term of art that means
that the named elements and/or steps are present, but that other elements and/or
steps can be added and still fall within the scope of the relevant subject matter.

As used herein, the phrase “consisting of’ excludes any element, step, or
ingredient not specifically recited. It is noted that, when the phrase “consists of”
appears in a clause of the body of a claim, rather than immediately following the
preamble, it limits only the element set forth in that clause; other elements are not
excluded from the claim as a whole.

As used herein, the phrase “consisting essentially of” limits the scope of the
related disclosure or claim to the specified materials and/or steps, plus those that
do not materially affect the basic and novel characteristic(s) of the disclosed
and/or claimed subject matter. For example, a pharmaceutical composition can
‘consist essentially of’ a pharmaceutically active agent or a plurality of
pharmaceutically active agents, which means that the recited pharmaceutically
active agent(s) is/are the only pharmaceutically active agent(s) present in the
pharmaceutical composition. It is noted, however, that carriers, excipients, and/or
other inactive agents can and likely would be present in such a pharmaceutical
composition and are encompassed within the nature of the phrase “consisting
essentially of”.

With respect to the terms “comprising’, “consisting of’, and “consisting

essentially of’, where one of these three terms is used herein, the presently
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disclosed and claimed subject matter can include the use of either of the other two
terms. For example, in some embodiments, the presently disclosed subject matter
relates to compositions comprising antibodies. It would be understood by one of
ordinary skill in the art after review of the instant disclosure that the presently
disclosed subject matter thus encompasses compositions that consist essentially
of the antibodies of the presently disclosed subject matter, as well as
compositions that consist of the antibodies of the presently disclosed subject
matter.

As used herein, the phrase “immune cell’ refers to the cells of a
mammalian immune system including but not limited to antigen presenting cells, B
cells, basophils, cytotoxic T cells, dendritic cells, eosinophils, granulocytes, helper
T cells, leukocytes, lymphocytes, macrophages, mast cells, memory cells,
monocytes, natural killer cells, neutrophils, phagocytes, plasma cells and T cells.

As used herein, the phrase “immune response”’ refers to immunities
including but not limited to innate immunity, humoral immunity, cellular immunity,
immunity, inflammatory response, acquired (adaptive) immunity, autoimmunity,
and/or overactive immunity.

As used herein, the phrase “gastrin-associated cancer” is a tumor or cancer
or a cell therefrom in which a gastrin gene product acts as a trophic hormone to
stimulate tumor and/or cancer cell growth both when exogenously applied to
tumor and/or cancer cells and also in vivo through autocrine and paracrine
mechanisms. Exemplary gastrin-associated cancers include pancreatic cancer,
gastric cancer, gastroesophageal cancer, and colorectal cancer.

The term “polynucleotide” as used herein includes but is not limited to DNA,
RNA, complementary DNA (cDNA), messenger RNA (mRNA), ribosomal RNA
(rRNA), small hairpin RNA (shRNA), small nuclear RNA (snRNA), short nucleolar
RNA (snoRNA), microRNA (miRNA), genomic DNA, synthetic DNA, synthetic
RNA, and/or tRNA.

As used herein, the phrases “single chain variable fragment”, “single-chain
antibody variable fragments”, and “scFv’ antibodies refer to forms of antibodies
comprising the variable regions of only the heavy and light chains, connected by a
linker peptide.

The term “subject” as used herein refers to a member of any invertebrate or

vertebrate species. Accordingly, the term “subject” is intended to encompass in
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some embodiments any member of the Kingdom Animalia including, but not
limited to the phylum Chordata (e.g., members of Classes Osteichythyes (bony
fish), Amphibia (amphibians), Reptilia (reptiles), Aves (birds), and Mammalia
(mammals), and all Orders and Families encompassed therein.

The compositions and methods of the presently disclosed subject matter
are particularly useful for warm-blooded vertebrates. Thus, in some embodiments
the presently disclosed subject matter concerns mammals and birds. More
particularly provided are compositions and methods derived from and/or for use in
mammals such as humans and other primates, as well as those mammals of
importance due to being endangered (such as Siberian tigers), of economic
importance (animals raised on farms for consumption by humans) and/or social
importance (animals kept as pets or in zoos) to humans, for instance, carnivores
other than humans (such as cats and dogs), swine (pigs, hogs, and wild boars),
ruminants (such as cattle, oxen, sheep, giraffes, deer, goats, bison, and camels),
rodents (such as mice, rats, and rabbits), marsupials, and horses. Also provided is
the use of the disclosed methods and compositions on birds, including those kinds
of birds that are endangered, kept in zoos, as well as fowl, and more particularly
domesticated fowl, e.g., poultry, such as turkeys, chickens, ducks, geese, guinea
fowl, and the like, as they are also of economic importance to humans. Thus, also
provided is the use of the disclosed methods and compositions on livestock,
including but not limited to domesticated swine (pigs and hogs), ruminants,
horses, poultry, and the like.

As used herein, the terms “T cell” and “T lymphocyte” are interchangeable
and used synonymously. Examples include, but are not limited to, naive T cells,
central memory T cells, effector memory T cells, cytotoxic T cells, T regulatory
cells, helper T cells and combinations thereof.

As used herein, the phrase “therapeutic agent” refers to an agent that is
used to, for example, treat, inhibit, prevent, mitigate the effects of, reduce the
severity of, reduce the likelihood of developing, slow the progression of, and/or
cure, a disease or disorder such as but not limited to a gastrin-associated tumor
and/or cancer.

The terms “treatment” and “treating” as used herein refer to both
therapeutic treatment and prophylactic or preventative measures, wherein the

object is to prevent or slow down (lessen) the targeted pathologic condition,
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prevent the pathologic condition, pursue or obtain beneficial results, and/or lower
the chances of the individual developing a condition, disease, or disorder, even if
the treatment is ultimately unsuccessful. Those in need of treatment include those
already with the condition as well as those prone to have or predisposed to having
a condition, disease, or disorder, or those in whom the condition is to be
prevented.

As used herein, the term “tumor” refers to any neoplastic cell growth and/or
proliferation, whether malignant or benign, and all pre-cancerous and cancerous
cells and tissues the initiation, progression, growth, maintenance, of metastasis of
which is directly or indirectly influenced by autocrine and/or paracrine action of
gastrin. The terms “cancer’ and “tumor” are used interchangeably herein and can
refer to both primary and metastasized solid tumors and carcinomas of any tissue
in a subject, including but not limited to pancreatic cancer, gastric cancer,
gastroesophageal cancer, and colorectal cancer (referred to herein collectively as
“‘gastrin-associated” tumors and/or cancers). As used herein, the terms “cancer
and “tumor” are also intended to refer to multicellular tumors as well as individual
neoplastic or pre-neoplastic cells. In some embodiments, a cancer or a tumor
comprises a cancer or tumor of an epithelial tissue such as, but not limited to a
carcinoma. In some embodiments, a tumor is an adenocarcinoma, which in some
embodiments is an adenocarcinoma of the pancreas, liver, stomach, esophagus,
colon, or rectum, and/or a metastatic cell derived therefrom. In some
embodiments, a tumor and/or a cancer is associated with fibrosis, meaning that as
a direct or indirect consequence of the development of the tumor and/or the
cancer, one or more regions of fibrosis typically develop in the area of the tumor
and/or the cancer.

All genes, gene names, and gene products disclosed herein are intended
to correspond to homologs and/or orthologs from any species for which the
compositions and methods disclosed herein are applicable. Thus, the terms
include, but are not limited to genes and gene products from humans and mice. It
is understood that when a gene or gene product from a particular species is
disclosed, this disclosure is intended to be exemplary only, and is not to be
interpreted as a limitation unless the context in which it appears clearly indicates.
Thus, for example, for the gastrin gene products presented in GENBANK®

biosequence database Accession No: NP_000796.1, the human amino acid
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sequence disclosed is intended to encompass homologous and orthologous
gastrin genes and gene products from other animals including, but not limited to
other mammals, fish, amphibians, reptiles, and birds. Also encompassed are any
and all nucleotide sequences that encode the disclosed amino acid sequences,
including but not limited to those disclosed in the corresponding GENBANK®
entries (i.e., NP_000796.1 and NM_000805.4, respectively).

. Development of an Anti-Gastrin Vaccine

A unique approach to tumor-associated antigen-based vaccines has been
undertaken by exploiting the involvement of gastrin as a key autocrine and
paracrine growth factor for PC and other gastrointestinal cancers. This approach
involves neutralizing gastrin’s trophic effects through an active humoral immunity
against gastrin-17 (G17) with a compound called “Polyclonal Antibody Stimulator”
or PAS. PAS comprises a 9-amino acid gastrin epitope derived from the N-
terminal sequence of G17 that is identical in mice and humans and conjugated the
same to diphtheria toxoid (DT) through a linker molecule. This compound has
been formulated in an oil-based adjuvant to create PAS. PAS stimulates the
production of specific and high-affinity polyclonal anti-G17 antibodies, whereas DT
alone had no effect (Watson et al., 1996). Preclinical studies were performed in
several animal models with gastrointestinal (GI) cancer that are gastrin
responsive, including colon cancer (Singh et al., 1986; Smith & Solomon, 1988;
Upp et al., 1989; Smith et al., 1996b), gastric cancer (Smith et al., 1998a; Watson
et al., 1989), lung cancer (Rehfeld et al., 1989), and pancreatic cancer (Smith et
al., 1990; Smith et al., 1991; Smith et al., 1995; Segal et al., 2014).

In animals, PAS-generated anti-G17 antibodies have been shown to
reduce the growth and metastasis of gastrointestinal tumors (Watson et al., 1995;
Watson et al., 1996; Watson et al., 1999). Both active immunizations with PAS
and passive immunization with PAS-generated anti-G17 antibodies (Watson et al.,
1999) have been shown to inhibit tumor growth in animal models of Gl cancers
(Watson et al., 1998; Watson et al., 1999).

A prospective, randomized, double-blind, placebo controlled group
sequential trial of PAS for the treatment of advanced pancreatic cancer was
conducted in human subjects with advanced pancreatic cancer. The primary
objective of this study was to compare the effect of monotherapy PAS to placebo

on patient survival. Overall, 65% of patients generated an antibody response to
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PAS. Subjects in the PAS treated group survived longer that the placebo group
(average 150 days vs. 84 days, respectively; p = 0.016). However, when patients
were stratified based upon whether they generated an immune response to PAS
(i.e., PAS responders) or did not generate an immune response (i.e., PAS non-
responders), survival was significantly increased (p = 0.003) in the responders.

To date, 469 patients with PDAC have been treated with PAS in clinical
trials. Approximately 90% of these subjects elicited a protective antibody titer.
Pooled data from four of the studies (PC1, PC2, PC3, and PC6; Brett et al., 2002;
Gilliam et al., 2012) showed that responder patients had a significant increase in
median survival days (191 days) compared with non-responder patients (106
days; p = 0.0003). Importantly, none of these patients exhibited any evidence of
an autoimmune-type reaction that negatively influenced the normal level and
function of gastrin.

PAS is known to elicit a B cell response with generation of neutralizing
antibodies to gastrin. However, clinical studies demonstrated that there were also
long-term survivors, which suggested that additional mechanisms of anti-tumor
immunity could also have been responsible.

IV.  PAS + Check Point Inhibitor Combination Therapies

IV.A. Generally

PAS administration generates a humoral antibody response and a cellular

immune response to the onco-fetal protein gastrin, which is inappropriately
expressed (i.e., overexpressed) in PDAC. This inappropriate gastrin expression in
PDAC causes an autocrine and paracrine growth-promoting effect. PAS
administration with its subsequent generation of humoral antibodies to gastrin, will
help eliminate this pathological growth-promoting effect. In addition, a PAS-
mediated humoral immune response to gastrin will also help reverse the
promotion of angiogenesis, circumvention of apoptosis, increase in cell migration,
and increase in invasive enzyme expression that are associated with
inappropriate gastrin expression (Watson et al., 2006).

PAS comprises 3 subunits. The first subunit is a gastrin epitope, which in
some embodiments is a peptide that comprises amino-terminal amino acid
residues 1-9 of human G17 with a carboxy-terminal seven (7) amino acid spacer
sequence that terminates in a cysteine residue. An exemplary sequence for this
first subunit is EGPWLEEEE (SEQ ID NO: 2).
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The second subunit of PAS is a linker that covalently links the first subunit
to the third subunit. In some embodiments, the linker is a e-maleimido caproic acid
N-hydroxysuccinamide ester (eMCS), although any linker, including non-peptide
linkers such as but not limited to polyethylene glycol linkers, could be used for this
purpose.

The third subunit of PAS is a diphtheria toxoid, which is used as a carrier
protein to enhance a humoral response directed against the first subunit (in
particular, a humoral response directed against the gastric epitope). It is noted,
however, that in some embodiments carrier proteins other than diphtheria toxoid
could be employed such as but not limited to tetanus toxoid or bovine serum
albumin.

In some embodiments, the three subunits are formulated for intramuscular
(i.m.) injection, and the formulation has excellent physical, chemical, and
pharmaceutical properties. PAS also elicits a B cell response with generation of
neutralizing antibodies to gastrin. This is relevant in PDAC, since gastrin
increases cellular proliferation, promotes angiogenesis, facilitates circumvention of
apoptosis, increases cell migration, increases invasive enzyme expression, and is
associated with fibrosis on the PDAC microenvironment. In accordance with some
aspects of the presently disclosed subject matter, if the actions of gastrin are
blocked, CD8" lymphocytes influx into PDAC, rendering it more likely to respond
to immune checkpoint therapy (e.g., a T-cell mediated response). As disclosed
herein. PAS also elicits a T cell response and CD8+ cells that produce cytokines
in response to gastrin stimulation.

PAS can be designed as a therapeutic vaccine or immunotherapeutic.
PAS-induced humoral antibodies are highly specific and typically characterized by
high affinity to G17 and Gly-G17.

PAS consistently induced therapeutically efficacious levels of antibodies
that are directed against the hormone G17 and its precursor G17-Gly. Twenty-two
clinical studies have been completed with a total of 1,542 patients. Importantly,
treatment with PAS demonstrated an excellent safety and tolerability profile, and
further resulted in a survival benefit in colorectal, gastric, and pancreatic cancer
patients. Used as a monotherapy, an exemplary dose and schedule were
identified to be 250 ug/0.2 ml dosed at 0, 1, and 3 weeks.
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Taken collectively, the conclusions that can be made from the 22 studies
and >1,500 patients treated with PAS are as follows:

(a) Nonclinical data demonstrated both in vitro and in vivo anti-tumor
efficacy of anti-G17 antibodies, with a wide therapeutic index in
various cancer models, including human pancreatic cancer models;

(b) PAS can be administered at very safe and well tolerated doses, and
effectively causes a B cell antibody response to gastrin with no
adverse reactions and no induction of negative autoimmune effects;
and

(c) Numerous clinical studies have demonstrated a survival benefit
across gastrointestinal tumors, including pancreatic cancer, and a
correlation between generation of anti-G17 antibody response and
improved survival.

However, clinical studies have also demonstrated that there were long term
survivors, which suggested that additional therapeutic benefits also resulted from
PAS administration. While not wishing to be bound by any particular theory of
operation, it is possible that PAS treatment might have also induced a T cell
immune response characterized by activation of cytotoxic T cells and memory
cells in these subjects.

The use of check point inhibitors in PDAC has been limited, and only
modest results have been demonstrated. CTLA-4, PD-1, and PD-L1 inhibitors
have been investigated in patients with locally advanced or metastatic PDAC in a
number of clinical trials (Royal et al., 2010; Brahmer et al., 2012; Segal et al.,
2014). Durvalumab (MEDI 4736) has generated a partial response rate of 8% in a
preliminary analysis that was presented at the American Society of Clinical
Oncology in 2014 (Segal et al., 2014).

It is not known why pancreatic tumors have proven to be relatively resistant
to monoclonal antibody (mAb)-based immunotherapeutics that target check point
inhibitors. The failure of anti-immune checkpoint inhibitor immunotherapeutics
might be related to massive infiltration of immunosuppressive leukocytes, which
could actually suppress an anti-tumor immune response. This might be related to
expression of the RAS oncogene, which drives an inflammatory program that
helps establish immune privilege in the pancreatic tumor microenvironment
(Zheng et al., 2013).
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IV.B. Check-Point Inhibitors Generate a Cellular Cytotoxic T Cell

Response
The immune system has the key central role in differentiating between self

(i.e., “normal” cells) and “non-self” or “foreign” cells, whether this be bacteria found
in infections or altered and/or transformed cells that are typically found in tumors
and cancers. With respect to this process, the immune system requires exquisite
regulation to “turn off’ when it recognizes “self’ so it does not mount an
autoimmune reaction to normal body cells while also needing to “turn on” when it
recognizes foreign and/or transformed cells. In fact, cell transformation is a
relatively common event, but the immune system keeps efficient and effective
surveillance on this to effectively and efficiently eliminate foreign and/or
transformed cells. Tumor formation and cancer are relatively rare events, since it
is only on rare occasions that transformed cells develop mechanisms where they
can subvert normal immune system checkpoints, resulting in the immune system
not recognizing them as transformed, thus avoiding immune attack by, for
example, cytotoxic T lymphocyte attachment to the transformed tumor cells.

Programmed cell Death protein 1 (PD-1; also known as CD279) is a cell
surface receptor that serves as a checkpoint that is found on the surface of T
cells. PD-1 appears to function as an “off switch” so that T cells do not mount a
cytotoxic T lymphocyte attack against normal cells in the body. Human PD-1 is
produced as a 288 amino acid precursor protein, an exemplary amino acid
sequence for which is provided as Accession No. NP_005009.2 of the
GENBANK® biosequence database (encoded by GENBANK® Accession No.
NM_005018.2). The 288 amino acid precursor includes a signal peptide as amino
acids 1-20 of GENBANK® Accession No. NP_005009.2, which is removed to
produce the mature peptide (i.e., amino acids 21-288 of GENBANK® Accession
No. NP_005009.2). The amino acid sequences of orthologs of human PD-1 from
other species that are present in the GENBANK® biosequence database include,
but are not limited to Accession Nos. NP_032824.1 (Mus musculus),
NP_001100397.1 (Rattus norvegicus), NP_001301026.1 (Canis lupus familiaris),
NP_001138982.1 (Felis catus), NP_001076975.1 (Bos taurus), XP_004033550.1
(Gorilla gorilla gorilla), NP_001107830.1 (Macaca mulatta), NP_001271065.1
(Macaca fascicularis), and XP_003776178.1 (Pongo abelii).
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The ligand for the PD-1 receptor is referred to as the Programmed death-
ligand 1 (PD-L1). It is also known as CD274 or the B7 homolog 1 (B7-H1). In
humans, there are several isoforms of the PD-L1 protein, the largest of which
(isoform a) is produced as a 290 amino acid precursor. An exemplary amino acid
sequence for a human PD-L1 precursor a protein is provided as Accession No.
NP_054862.1 of the GENBANK® biosequence database (encoded by
GENBANK® Accession No. NM_014143.3). The 290 amino acid precursor
includes a signal peptide as amino acids 1-18 of GENBANK® Accession No.
NP_054862.1, which is removed to produce the mature peptide (i.e., amino acids
19-290 of GENBANK® Accession No. NP_054862.1). The amino acid sequences
of orthologs of human PD-L1 from other species that are present in the
GENBANK® biosequence database include, but are not limited to Accession Nos.
NP_068693.1 (Mus musculus), NP_001178883.1 (Rattus norvegicus),
NP_001278901.1 (Canis Ilupus familiaris), XP_006939101.1 (Felis catus),
NP_001156884.1 (Bos taurus), XP_018889139.1 (Gorilla gorilla gorilla),
NP_001077358.1 (Macaca mulatta), XP_015292694.1 (Macaca fascicularis), and
XP_009454557.1 (Pongo troglodytes).

PD-L1 is found mainly on normal cells, and when a PD-1 expressing T cell
binds to a normal cell with PD-L1, it signals to the T cell that this is a normal cell
(Le., “self’) and a cytotoxic T cell response against the (normal) cell is
suppressed. Most transformed cells are routinely eliminated since they typically do
not express PD-L1, meaning that a PD-1 expressing T cell would not be “shut
down” but rather “activated” when encountering such a cell, thereby eliminating
that transformed cell. However, on rare occasions, the transformed cell does
expresses the PD-L1 ligand, resulting in a shutdown of a T cell response to the
transformed cell. Hence, transformed cells that express PD-L1 can evade
cytotoxic T cell responses. When this occurs, the unrecognized transformed cell
can expand, acquire additional mutations, and grow into a malignant, metastatic
tumor.

Inhibition of the PD-1/PD-L1 checkpoint (referred to as “immune checkpoint
inhibitors”) can interfere with PD-1/PD-L1 binding, thereby allowing T lymphocytes
to recognize tumor and/or cancer cells as non-self, resulting in cytotoxic T
lymphocyte response against the tumor and/or cancer cells. This can be

accomplished by drugs that either target PD-1 on T cells or PD-L1 on tumor
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and/or cancer cells to effectively block PD-1/PD-L1 interactions. Critical to this
process are at least two requirements. First, the immune checkpoint inhibitors
must get to the site of the tumor and/or cancer to block any interaction between
PD-1 and PD-L1. Second, the tumor and/or cancer itself must be accessible to
cytotoxic T cells.

Another checkpoint protein is the cytotoxic T-lymphocyte antigen 4 (CTLA-
4; also known as CD152) protein. Like PD-1, CTLA-4 is a cell surface receptor
that can downregulate immune responses. Tegs €xpress CTLA-4, as do activated
T cells. When the CTLA-4 receptor binds to CD80 or CD86 present on the surface
of antigen-presenting cells (APCs), like PD-1 it functions as an “off switch” with
respect to immune responses.

The human CTLA4-TM isoform is a 223 amino acid precursor protein that
has the amino acid sequence set forth in GENBANK® Accession No.
NP_005205.2 (encoded by GENBANK® Accession No. NM_005214.4). This
protein includes a 35 amino acid signal peptide, that when removed generates the
188 amino acid mature peptide. The amino acid sequences of orthologs of human
CTLA-4 from other species that are present in the GENBANK® biosequence
database include, but are not limited to Accession Nos. NP_033973.2 (Mus
musculus), NP_113862.1 (Rattus norvegicus), NP_001003106.1 (Canis lupus
familiaris), NP_001009236.1 (Felis catus), NP_776722.1 (Bos taurus),
XP_004033133.1 (Gorilla gorilla gorilla), XP_009181095.2 (Macaca mulatta),
XP_005574073.1 (Macaca fascicularis), and XP_526000.1 (Pan troglodytes).

As such, in some embodiments the presently disclosed subject matter
pertains to the administration of PAS with one or more immune check point
inhibitors. More particularly, in some embodiments the presently disclosed subject
matter relates to use of immune checkpoint inhibitors that target CTLA-4, PD-1,
and/or PD-L1. Exemplary compounds that inhibit these immune checkpoint
inhibitors include the following. For CTLA-4: Ipilimumab (YERVOY® brand;
Bristol-Myers Squibb, New York, New York) and Tremelimumab (formerly
Ticilimumab; Medimmune, LLC, Gaithersburg, Maryland. For PD-1: Nivolumab
(OPDIVO® brand; Bristol-Myers Squibb, New York, New York), Pidilizumab
(Medivation, San Francisco, California), Pembrolizumab (KEYTRUDA® brand;
Merck & Co., Inc., Kenilworth, New Jersey), MEDIO680 (AMP514; Medimmune,
LLC, Gaithersburg, Maryland), and AUNP-12 (Aurigene Discovery Technologies
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Limited/Laboratoires Pierre Fabre SA). For PD-L1: BMS-936559/MDX-1105
(Bristol Myers Squibb, New York, New York), Atezolizumab (TECENTRIQ® brand;
Genentech/Roche, South San Francisco, California), Durvalumab (MEDI4736;
Medimmune, LLC, Gaithersburg, Maryland), and Avelumab (BAVENCIO® brand;
EMD Serono, Inc., Rockland, Maryland, and Pfizer Inc., New York, New York).

Evidence strongly suggests there is more commonality rather than
divergence related to efficacy and toxicity when one compares the PD-1 and PD-
L1 inhibitors. In fact, in cross-trial meta-type analyses, Nivolumab,
Pembrolizumab, Avelumab, Atezolizumab, and MDX1105 have been shown to
have very similar (but not identical) profiles with respect to toxicity and efficacy.
Although affinities and current dosing regimens might differ for the various PD-1
and PD-L1 inhibitors, there is generally a very wide therapeutic window for all.
Associated with this broad therapeutic window is the observation that most of
these check point inhibitors do not fail in Phase | and many clinical development
plans are moving to flat dosing regiments rather than metered dosing.

Although the drugs that target PD-1 and PD-L1 have similar modes of
action, efficacy profiles, and toxicity profiles, in general there are some subtle
differences between them. Avelumab might have some advantage over other PD-
L1 targeted drugs due to capability to complement patent applications-derived B
cell responses with an antibody-dependent cell-mediated cytotoxicity (ADDC)
response. Avelumab also has a native Fc receptor and therefore can elicit a
‘normal” ADCC response, whereas Atezolizumab has modifications in the Fc
region that might be expected to reduce the ADCC response (at least in humans).

Another difference to note in comparing different PD-1 and PD-L1 targeted
drugs is the fact that some are humanized mAbs while others are fully human
mAbs. Humanized mAbs might be expected to be characterized by an increased
likelihood of inducing “allergic” type reactions compared to fully human mAbs
when the humanized mAbs are administered to humans.

V. Compositions

V.A. Pharmaceutical Compositions

In some embodiments, the presently disclosed subject matter provides
pharmaceutical compositions that in some embodiments can be employed in the

methods of the presently disclosed subject matter.
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As used herein, a “pharmaceutical composition” refers to a composition
that is to be employed as part of a treatment or other method wherein the
pharmaceutical composition will be administered to a subject in need thereof. In
some embodiments, a subject in need thereof is a subject with a tumor and/or a
cancer at least one symptom, characteristic, or consequence of which is expected
to be ameliorated at least in part due to a biological activity of the pharmaceutical
composition acting directly and/or indirectly on the tumor and/or the cancer and/or
a cell associated therewith.

Techniques for preparing pharmaceutical compositions are known in the
art, and in some embodiments pharmaceutical compositions are formulated based
on the subject to which the pharmaceutical compositions are to be administered.
For example, in some embodiments a pharmaceutical composition is formulated
for use in a human subject. Thus, in some embodiments a pharmaceutical
composition is pharmaceutically acceptable for use in a human.

The pharmaceutical compositions of the presently disclosed subject matter
in some embodiments comprise a first agent that induces and/or provides an
active and/or a passive humoral immune response against a gastrin peptide
and/or a CCK-B receptor; and an immune checkpoint inhibitor. In some
embodiments, the first agent is selected from the group consisting of a gastrin
peptide, an anti-gastrin antibody, and an anti-CCK-R antibody. In some
embodiments, the first agent comprises a gastrin peptide, optionally a gastrin
peptide comprising, consisting essentially of, or consisting of an amino acid
sequence selected from the group consisting of EGPWLEEEEE (SEQ ID NO: 1),
EGPWLEEEE (SEQ ID NO: 2), EGPWLEEEEEAY (SEQ ID NO: 3), and
EGPWLEEEEEAYGWMDF (SEQ ID NO: 4). In some embodiments, the glutamic
acid residue an amino acid position 1 of any of SEQ ID NOs: 1-4 is a
pyroglutamate residue. In some embodiments, the gastrin peptide is conjugated to
an immunogenic carrier, optionally wherein the immunogenic carrier is selected
from the group consisting of diphtheria toxoid, tetanus toxoid, keyhole limpet
hemocyanin, and bovine serum albumin. In some embodiments, the gastrin
peptide is conjugated to an immunogenic carrier via a linker, optionally wherein
the linker comprises a e-maleimido caproic acid N-hydroxysuccinamide ester.

In some embodiments, the linker and the gastrin peptide are separated by

an amino acid spacer, optionally wherein the amino acid spacer is between 1 and
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10 amino acids in length, further optionally wherein the amino acid spacer is 7
amino acids in length.

Pharmaceutical compositions of the presently disclosed subject matter that
are designed to elicit humoral immune responses can in some embodiments
further comprise an adjuvant, optionally an oil-based adjuvant. Exemplary
adjuvants include but are not limited to montanide ISA-51 (Seppic, Inc.); QS-21
(Aquila Pharmaceuticals, Inc.); Arlacel A; oeleic acid; tetanus helper peptides;
GM-CSF; cyclophosamide; bacillus Calmette-Guerin (BCG); corynbacterium
parvum; levamisole, azimezone; isoprinisone; dinitrochlorobenezene (DNCB);
keyhole limpet hemocyanins (KLH) including Freunds adjuvant (complete and
incomplete); mineral gels; aluminum hydroxide (Alum); lysolecithin; pluronic
polyols; polyanions; peptides; oil emulsions; nucleic acids (e.g., dsRNA)
dinitrophenol; diphtheria toxin (DT); toll-like receptor (TLR, e.g., TLR3, TLR4,
TLR7, TLR8 or TLR9) agonists (e.g, endotoxins such as lipopolysaccharide (LPS);
monophosphoryl lipid A (MPL); polyinosinic-polycytidylic  acid  (poly-
ICLC/HILTONOL®; Oncovir, Inc., Washington, DC, United States of America);
IMO-2055, glucopyranosyl lipid A (GLA), QS-21 — a saponin extracted from the
bark of the Quillaja saponaria tree, also known as the soap bark tree or Soapbark;
resiquimod (TLR7/8 agonist), CDX-1401 — a fusion protein consisting of a fully
human monoclonal antibody with specificity for the dendritic cell receptor DEC-
205 linked to the NY-ESO-1 tumor antigen; Juvaris’ Cationic Lipid-DNA Complex;
Vaxfectin; and combinations thereof.

The pharmaceutical compositions of the presently disclosed subject matter
can in some embodiments comprise an immune checkpoint inhibitor. Immune
checkpoint inhibitors are a class of compounds that inhibits a biological activity of
a target polypeptide selected from the group consisting of cytotoxic T-lymphocyte
antigen 4 (CTLA4), programmed cell death-1 receptor (PD-1), and programmed
cell death 1 receptor ligand (PD-L1). In some embodiments, the immune
checkpoint inhibitor is selected from the group consisting of Ipilimumab,
Tremelimumab, Nivolumab, Pidilizumab, Pembrolizumab, AMP514, AUNP12,
BMS-936559/MDX-1105, Atezolizumab, MPDL3280A, RG7446, R05541267,
MEDI4736, Avelumab and Durvalumab.

In some embodiments of the presently disclosed pharmaceutical

compositions, the first agent comprises an amount of a gastrin peptide
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comprising, consisting essentially of, or consisting of an amino acid sequence
selected from the group consisting of EGPWLEEEEE (SEQ ID NO: 1),
EGPWLEEEE (SEQ ID NO: 2), EGPWLEEEEEAY (SEQ ID NO: 3), and
EGPWLEEEEEAYGWMDF (SEQ ID NO: 4) effective to induce an anti-gastrin
humoral response and the second agent comprises an amount of a checkpoint
inhibitor that is effective to induce or enhance a cellular immune response against
a gastrin-associated tumor or cancer when administered to a subject who has
gastrin-associated tumor or cancer.

In some embodiments of the presently disclosed pharmaceutical
compositions, the first agent comprises one or more anti-CCK-B receptor
antibodies and is present in the pharmaceutical composition in an amount
sufficient to reduce or inhibit gastrin signaling via CCK-B receptors present on a
gastrin-associated tumor or cancer when administered to a subject that has a
gastrin-associated tumor or cancer.

The pharmaceutical compositions of the presently disclosed subject matter
are in some embodiments employed to treat a gastrin-associated tumor and/or
cancer. In some embodiments, pharmaceutical compositions of the presently
disclosed subject matter are intended to treat pancreatic cancer.

V.B. Nucleic Acids

The term “RNA” refers to a molecule comprising at least one ribonucleotide

residue. By “ribonucleotide” is meant a nucleotide with a hydroxyl group at the 2’
position of a B-D-ribofuranose moiety. The terms encompass double stranded
RNA, single stranded RNA, RNAs with both double stranded and single stranded
regions, isolated RNA such as partially purified RNA, essentially pure RNA,
synthetic RNA, recombinantly produced RNA, as well as altered RNA, or analog
RNA, that differs from naturally occurring RNA by the addition, deletion,
substitution, and/or alteration of one or more nucleotides. Such alterations can
include addition of non-nucleotide material, such as to the end(s) of an siRNA or
internally, for example at one or more nucleotides of the RNA. Nucleotides in the
RNA molecules of the presently disclosed subject matter can also comprise non-
standard nucleotides, such as non-naturally occurring nucleotides or chemically
synthesized nucleotides or deoxynucleotides. These altered RNAs can be referred

to as analogs or analogs of a naturally occurring RNA.

-43 -



10

15

20

25

30

WO 2018/232230 PCT/US2018/037737

The terms “small interfering RNA”, “short interfering RNA”, “small hairpin
RNA”, “siRNA”, and shRNA are used interchangeably and refer to any nucleic
acid molecule capable of mediating RNA interference (RNAIi) or gene silencing.
See e.g., Bass, Nature 411:428-429, 2001; Elbashir et al., Nature 411:494-498,
2001a; and PCT International Publication Nos. WO 00/44895, WO 01/36646, WO
99/32619, WO 00/01846, WO 01/29058, WO 99/07409, and WO 00/44914. In one
embodiment, the siRNA comprises a double stranded polynucleotide molecule
comprising complementary sense and antisense regions, wherein the antisense
region comprises a sequence complementary to a region of a target nucleic acid
molecule (for example, a nucleic acid molecule encoding a gastrin gene product).
In another embodiment, the siRNA comprises a single stranded polynucleotide
having self-complementary sense and antisense regions, wherein the antisense
region comprises a sequence complementary to a region of a target nucleic acid
molecule. In another embodiment, the siRNA comprises a single stranded
polynucleotide having one or more loop structures and a stem comprising self-
complementary sense and antisense regions, wherein the antisense region
comprises a sequence complementary to a region of a target nucleic acid
molecule, and wherein the polynucleotide can be processed either in vivo or in
vitro to generate an active siRNA capable of mediating RNAIi. As used herein,
siRNA molecules need not be limited to those molecules containing only RNA, but
further encompass chemically modified nucleotides and non-nucleotides.

The presently disclosed subject matter takes advantage of the ability of
short, double stranded RNA molecules to cause the down regulation of cellular
genes, a process referred to as RNA interference. As used herein, “RNA
interference” refers to a process of sequence-specific post-transcriptional gene
silencing mediated by a small interfering RNA (siRNA). See generally Fire et al,,
Nature 391:806-811, 1998. The process of post-transcriptional gene silencing is
thought to be an evolutionarily conserved cellular defense mechanism that has
evolved to prevent the expression of foreign genes (Fire, Trends Genet 15:358-
363, 1999).

RNAI might have evolved to protect cells and organisms against the
production of double stranded RNA (dsRNA) molecules resulting from infection by
certain viruses (particularly the double stranded RNA viruses or those viruses for

which the life cycle includes a double stranded RNA intermediate) or the random
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integration of transposon elements into the host genome via a mechanism that
specifically degrades single stranded RNA or viral genomic RNA homologous to
the double stranded RNA species.

The presence of long dsRNAs in cells stimulates the activity of the enzyme
Dicer, a ribonuclease Ill. Dicer catalyzes the degradation of dsRNA into short
stretches of dsRNA referred to as small interfering RNAs (siRNA; Bernstein et al.,
Nature 409:363-366, 2001). The small interfering RNAs that result from Dicer-
mediated degradation are typically about 21-23 nucleotides in length and contain
about 19 base pair duplexes. After degradation, the siRNA is incorporated into an
endonuclease complex referred to as an RNA-induced silencing complex (RISC).
The RISC is capable of mediating cleavage of single stranded RNA present within
the cell that is complementary to the antisense strand of the siRNA duplex.
According to Elbashir et al., cleavage of the target RNA occurs near the middle of
the region of the single stranded RNA that is complementary to the antisense
strand of the siRNA duplex (Elbashir et al., Genes Dev 15:188-200, 2001b).

RNAI has been described in several cell type and organisms. Fire et al.,
1998 described RNAI in C. elegans. Wianny & Zernicka-Goetz, Nature Cell Biol
2:70-75, 1999 disclose RNAI mediated by dsRNA in mouse embryos. Hammond
et al., Nature 404:293-296, 2000 were able to induce RNAI in Drosophila cells by
transfecting dsRNA into these cells. Elbashir et al. Nature 411:494-498, 2001a
demonstrated the presence of RNAI in cultured mammalian cells including human
embryonic kidney and HelLa cells by the introduction of duplexes of synthetic 21
nucleotide RNAs.

Other studies have indicated that a 5-phosphate on the target-
complementary strand of a siRNA duplex facilitate siRNA activity and that ATP is
utilized to maintain the 5-phosphate moiety on the siRNA (Nykanen et al., Cell
107:309-321, 2001). Other modifications that might be tolerated when introduced
into an siRNA molecule include modifications of the sugar-phosphate backbone or
the substitution of the nucleoside with at least one of a nitrogen or sulfur
heteroatom (PCT International Publication Nos. WO 00/44914 and WO 01/68836)
and certain nucleotide modifications that might inhibit the activation of double
stranded RNA-dependent protein kinase (PKR), specifically 2’-amino or 2’-O-
methyl nucleotides, and nucleotides containing a 2’-O or 4-C methylene bridge
(Canadian Patent Application No. 2,359,180).
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Other references disclosing the use of dsRNA and RNAi include PCT
International Publication Nos. WO 01/75164 (in vitro RNAI system using cells from
Drosophila and the use of specific sSIRNA molecules for certain functional genomic
and certain therapeutic applications); WO 01/36646 (methods for inhibiting the
expression of particular genes in mammalian cells using dsRNA molecules); WO
99/32619 (methods for introducing dsRNA molecules into cells for use in inhibiting
gene expression); WO 01/92513 (methods for mediating gene suppression by
using factors that enhance RNAI); WO 02/44321 (synthetic siRNA constructs);
WO 00/63364 and WO 01/04313 (methods and compositions for inhibiting the
function of polynucleotide sequences); and WO 02/055692 and WO 02/055693
(methods for inhibiting gene expression using RNAI).

In some embodiments, the presently disclosed subject matter utilizes RNAI
to at least partially inhibit expression of at least one gastrin gene product.
Inhibition is preferably at least about 10% of normal expression amounts. In some
embodiments, the method comprises introducing an RNA to a target cell in an
amount sufficient to inhibit expression of a gastrin gene product, wherein the RNA
comprises a ribonucleotide sequence which corresponds to a coding strand of a
gene of interest. In some embodiments, the target cell is present in a subject, and
the RNA is introduced into the subject.

The RNA can have a double-stranded region comprising a first strand
comprising a ribonucleotide sequence that corresponds to the coding strand of the
gene encoding the target protein (for example, a gastrin gene product) and a
second strand comprising a ribonucleotide sequence that is complementary to the
first strand. The first strand and the second strand hybridize to each other to form
the double-stranded molecule. The double stranded region can be at least 15
basepairs in length, and in some embodiments, between 15 and 50 basepairs in
length, and in some embodiments the double stranded region is between 15 and
30 basepairs in length.

In some embodiments, the RNA comprises one strand that forms a double-
stranded region by intramolecular self-hybridization, which is preferably
complementary over at least 19 bases. In some embodiments, the RNA
comprises two separate strands that form a double-stranded region by

intermolecular hybridization that is complementary over at least 19 bases.
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One skilled in the art will recognize that any number of suitable common
techniques can be used to introduce the RNAs into a target cell. In some
embodiments, a vector encoding the RNA is introduced to the target cell. For
example, the vector encoding the RNA can be transfected into the target cell and
the RNA is then transcribed by cellular polymerases.

In some embodiments, a recombinant virus comprising nucleic acid
encoding the RNA can be produced. Introducing the RNA into a target cell then
comprises infecting the target cell with the recombinant virus. Cellular
polymerases transcribe the RNA resulting in expression of the RNA within the
target cell. Engineering recombinant viruses is well known to those having
ordinary skill in the art. One of skill would readily appreciate the multiple factors
involved in selecting the appropriate virus and vector components needed to
optimize recombinant virus production for use with the presently disclosed subject
matter without the necessity of further detailed discussion herein. As one non-
limiting example, a recombinant adenovirus can be engineered comprising DNA
encoding an siRNA. The virus can be engineered to be replication deficient such
that cells can be infected by the recombinant adenovirus, the siRNA transcribed,
and transiently expressed in the infected target cell. Details of recombinant virus
production and use can be found in PCT International Patent Application
Publication No. WO 2003/006477, herein incorporated by reference in their
entireties. Alternatively, a commercial kit for producing recombinant viruses can
be used, such as for example, the pSILENCER ADENO 1.0-CMV SYSTEM™
brand virus production kit (Ambion, Austin, Texas, United States of America).

V.C. Gene Editing

Downregulation of gene products can also be accomplished using the
CRISPR-Cas gene editing system as described in U.S. Patent No. 8,945,839 to
Zhang and references cited therein, Al-Attar et al., 2011; Makarova et al., 2011;
Le Cong et al., 2013; Seung Woo Cho et al., 2013a, b; Carroll, 2012; Gasiunas et
al., 2012; Hale et al., 2012; and Jinek et al., 2012, all of which are incorporated

herein by reference in their entireties. In some embodiments, the methods and

compositions for use in the CRISPR-Cas gene editing system include nucleic
acids that target a gastrin gene sequence, which in some embodiments is a

gastrin gene sequence in a tumor and/or a cancer.
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V.D. Formulations

Compositions as described herein comprise in some embodiments a
composition that includes a pharmaceutically acceptable carrier. Suitable
formulations include aqueous and non-aqueous sterile injection solutions that can
contain antioxidants, buffers, bacteriostats, bactericidal antibiotics, and solutes
that render the formulation isotonic with the bodily fluids of the intended recipient;
and aqueous and non-aqueous sterile suspensions, which can include
suspending agents and thickening agents. In some embodiments, a formulation of
the presently disclosed subject matter comprises an adjuvant, optionally an oil-
based adjuvant.

The compositions used in the methods can take such forms as
suspensions, solutions, or emulsions in oily or aqueous vehicles, and can contain
formulatory agents such as suspending, stabilizing, and/or dispersing agents. The
compositions used in the methods can take forms including, but not limited to
perioral, intravenous, intraperitoneal, intramuscular, and intratumoral formulations.
Alternatively or in addition, the active ingredient can be in powder form for
constitution with a suitable vehicle (e.g., sterile pyrogen-free water) before use.

The formulations can be presented in unit-dose or multi-dose containers,
for example sealed ampules and vials, and can be stored in a frozen or freeze-
dried (lyophilized) condition requiring only the addition of sterile liquid carrier
immediately prior to use.

For oral administration, the compositions can take the form of, for example,
tablets or capsules prepared by a conventional technique with pharmaceutically
acceptable excipients such as binding agents (e.g., pregelatinized maize starch,
polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g., lactose,
microcrystalline cellulose or calcium hydrogen phosphate); lubricants (e.g.,
magnesium stearate, talc or silica); disintegrants (e.g., potato starch or sodium
starch glycollate); or wetting agents (e.g., sodium lauryl sulfate). The tablets can
be coated by methods known in the art. For example, a neuroactive steroid can be
formulated in combination with hydrochlorothiazide, and as a pH stabilized core
having an enteric or delayed-release coating which protects the neuroactive
steroid until it reaches the colon.

Liquid preparations for oral administration can take the form of, for

example, solutions, syrups or suspensions, or they can be presented as a dry
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product for constitution with water or other suitable vehicle before use. Such liquid
preparations can be prepared by conventional techniques with pharmaceutically
acceptable additives such as suspending agents (e.g., sorbitol syrup, cellulose
derivatives or hydrogenated edible fats); emulsifying agents (e.g. lecithin or
acacia); non-aqueous vehicles (e.g., almond oil, oily esters, ethyl alcohol or
fractionated vegetable oils); and preservatives (e.g., methyl or propyl-p-
hydroxybenzoates or sorbic acid). The preparations can also contain buffer salts,
flavoring, coloring, and sweetening agents as appropriate. Preparations for oral
administration can be suitably formulated to give controlled release of the active
compound. For buccal administration the compositions can take the form of
tablets or lozenges formulated in conventional manner.

The compounds can also be formulated as a preparation for implantation or
injection. Thus, for example, the compounds can be formulated with suitable
polymeric or hydrophobic materials (e.g., as an emulsion in an acceptable oil) or
ion exchange resins, or as sparingly soluble derivatives (e.g., as a sparingly
soluble salt).

The compounds can also be formulated in oils that are administered as
water-in-oil emulsions, oil-in-water emulsions, or water-in-oil-in water emulsions.

The compounds can also be formulated in rectal compositions (e.g.,
suppositories or retention enemas containing conventional suppository bases
such as cocoa butter or other glycerides), creams or lotions, or transdermal
patches.

In some embodiments, the presently disclosed subject matter employs a
composition that is pharmaceutically acceptable for use in humans. One of
ordinary skill in the art understands the nature of those components that can be
present in such a composition that is pharmaceutically acceptable for use in
humans and also what components should be excluded from compositions that
are pharmaceutically acceptable for use in humans.

V.E. Doses

As used herein, the phrases “treatment effective amount”, “therapeutically
effective amount”, “treatment amount”, and “effective amount” are used
interchangeably and refer to an amount of a therapeutic composition sufficient to
produce a measurable response (e.g., a biologically or clinically relevant response

in a subject being treated). Actual dosage levels of active ingredients in the
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pharmaceutical compositions of the presently disclosed subject matter can be
varied so as to administer an amount of the active compound(s) that is effective to
achieve the desired therapeutic response for a particular subject. The selected
dosage level can depend upon the activity of the therapeutic composition, the
route of administration, combination with other drugs or treatments, the severity of
the condition being treated, the condition and prior medical history of the subject
being treated, etc. However, it is within the skill of the art to start doses of the
compound at levels lower than required to achieve the desired therapeutic effect
and to gradually increase the dosage until the desired effect is achieved.

The potency of a therapeutic composition can vary, and therefore a
"therapeutically effective amount” can vary. However, one skilled in the art can
readily assess the potency and efficacy of a candidate modulator of the presently
disclosed subject matter and adjust the therapeutic regimen accordingly.

After review of the disclosure herein of the presently disclosed subject
matter, one of ordinary skill in the art can tailor the dosages to an individual
subject, taking into account the particular formulation, method of administration to
be used with the composition, and other factors. Further calculations of dose can
consider subject height and weight, severity and stage of symptoms, and the
presence of additional deleterious physical conditions. Such adjustments or
variations, as well as evaluation of when and how to make such adjustments or
variations, are well known to those of ordinary skill in the art of medicine.

Thus, in some embodiments the term “effective amount” is used herein to
refer to an amount of a composition comprising an agent that provides and/or
induces a humoral or cellular immune response against a gastrin peptide and or
comprising a nucleic acid that inhibits expression of a gastrin gene product, a
pharmaceutically acceptable salt thereof, a derivative thereof, or a combination
thereof sufficient to produce a measurable anti-tumor and/or anti-cancer biological
activity. Actual dosage levels of active ingredients in composition of the presently
disclosed subject matter can be varied so as to administer an amount of the active
compound(s) that is effective to achieve the desired response for a particular
subject and/or application. The selected dosage level can depend upon a variety
of factors including the activity of the composition, formulation, route of
administration, combination with other drugs or treatments, severity of the

condition being treated, and physical condition and prior medical history of the
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subject being treated. In some embodiments, a minimal dose is administered, and
dose is escalated in the absence of dose-limiting toxicity to a minimally effective
amount. Determination and adjustment of an effective dose, as well as evaluation
of when and how to make such adjustments, are known to those of ordinary skill
in the art.

For administration of a composition as disclosed herein, conventional
methods of extrapolating human dosage based on doses administered to a
murine animal model can be carried out using techniques known to one of
ordinary skill in the art. Drug doses can also be given in milligrams per square
meter of body surface area because this method rather than body weight achieves
a good correlation to certain metabolic and excretionary functions. Moreover, body
surface area can be used as a common denominator for drug dosage in adults
and children as well as in different animal species as described by Freireich et al.,
1966. Briefly, to express a mg/kg dose in any given species as the equivalent
mg/m? dose, multiply the dose by the appropriate km factor. In an adult human,
100 mg/kg is equivalent to 100 mg/kg x 37 kg/m? = 3700 mg/m?.

For additional guidance regarding formulations and doses, see U.S. Patent
Nos. 5,326,902; 5,234,933; PCT International Publication No. WO 93/25521;
Remington et al., 1975; Goodman et al., 1996; Berkow et al., 1997; Speight et al.,
1997; Ebadi, 1998; Duch et al., 1998; Katzung, 2001; Gerbino, 2005.

V.F. Routes of Administration

The presently disclosed compositions can be administered to a subject in
any form and/or by any route of administration. In some embodiments, the
formulation is a sustained release formulation, a controlled release formulation, or
a formulation designed for both sustained and controlled release. As used herein,
the term “sustained release” refers to release of an active agent such that an
approximately constant amount of an active agent becomes available to the
subject over time. The phrase “controlled release” is broader, referring to release
of an active agent over time that might or might not be at a constant level.
Particularly, “controlled release” encompasses situations and formulations where
the active ingredient is not necessarily released at a constant rate, but can include
increasing release over time, decreasing release over time, and/or constant
release with one or more periods of increased release, decreased release, or

combinations thereof. Thus, while “sustained release” is a form of “controlled
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release”, the latter also includes delivery modalities that employ changes in the
amount of an active agent that are delivered at different times.

In some embodiments, the sustained release formulation, the controlled
release formulation, or the combination thereof is selected from the group
consisting of an oral formulation, a peroral formulation, a buccal formulation, an
enteral formulation, a pulmonary formulation, a rectal formulation, a vaginal
formulation, a nasal formulation, a lingual formulation, a sublingual formulation, an
intravenous formulation, an intraarterial formulation, an intracardial formulation, an
intramuscular formulation, an intraperitoneal formulation, a transdermal
formulation, an intracranial formulation, an intracutaneous formulation, a
subcutaneous formulation, an aerosolized formulation, an ocular formulation, an
implantable formulation, a depot injection formulation, a transdermal formulation
and combinations thereof. In some embodiments, the route of administration is
selected from the group consisting of oral, peroral, buccal, enteral, pulmonary,
rectal, vaginal, nasal, lingual, sublingual, intravenous, intraarterial, intracardial,
intramuscular, intraperitoneal, transdermal, intracranial, intracutaneous,
subcutaneous, ocular, via an implant, and via a depot injection. Where applicable,
continuous infusion can enhance drug accumulation at a target site (see, e.g.,
U.S. Patent No. 6,180,082). See also U.S. Patent Nos. 3,598,122; 5,016,652;
5,935,975; 6,106,856, 6,162,459; 6,495,605, and 6,582,724; and U.S. Patent
Application Publication No. 2006/0188558 for transdermal formulations and
methods of delivery of compositions. In some embodiments, the administering is
via a route selected from the group consisting of peroral, intravenous,
intraperitoneal, inhalation, and intratumoral.

The particular mode of administration of the compositions of the presently
disclosed subject matter used in accordance with the methods disclosed herein
can depend on various factors, including but not limited to the formulation
employed, the severity of the condition to be treated, whether the active agents in
the compositions (e.g., PAS) are intended to act locally or systemically, and
mechanisms for metabolism or removal of the active agents following
administration.

VI. Methods and Uses

In some embodiments, the presently disclosed subject matter relates to

employing pharmaceutical compositions in the context of various methods and/or
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uses related to treating gastrin-associated tumors and/or cancers, producing
medicaments for treating gastrin-associated tumors and/or cancers, inhibiting
growth of gastrin-associated tumors and/or cancers, inducing and/or enhancing
humoral and/or cellular immune responses against gastrin-associated tumors
and/or cancers, sensitizing tumors and/or cancers associated with gastrin and/or
CCK-B receptor signaling in subjects to inducers of cellular immune responses
directed against the tumors and/or cancers, preventing, reducing, and/or
eliminating formation of fibrosis associated with tumors and/or cancers,
particularly in the context of pancreatic cancer; preventing, reducing, and/or
eliminating metastases of gastrin-associated tumors and/or cancers; increasing
the number of tumor-infiltrating CD8" lymphocytes in tumors and/or cancers;
reducing the number of FoxP3" inhibitory T-regulatory cells present in tumors
and/or cancers; and increasing the number of Tgura cells in subject that respond
to gastrin-associated tumors and/or cancers. Each of these methods and/or uses
is described in more detail herein below.

VI.A. Methods for Treating Gastrin-associated Tumors and/or Cancers

In some embodiments, the presently disclosed subject matter relates to
methods for treating gastrin-associated tumors and/or cancers. In some
embodiments, the method comprises administering to a subject in need thereof
(e.g., a subject with a gastrin-associated tumor and/or cancer) an effective amount
of a composition that comprises a first agent that induces and/or provides an
active and/or a passive humoral immune response against a gastrin peptide
and/or a CCK-B receptor; and a second agent that induces and/or provides a
cellular immune response against the gastrin-associated tumor or cancer. Thus,
the presently disclosed methods in some embodiments rely on the use of
pharmaceutical compositions that have one or more active agents that together
provide two distinct immunotherapeutic activities: providing and/or inducing an
active and/or a passive humoral immune response against a gastrin peptide
and/or a CCK-B receptor, and inducing and/or providing a cellular immune
response against the gastrin-associated tumor and/or cancer.

With respect to providing and/or inducing an active and/or a passive
humoral immune response against a gastrin peptide and/or a CCK-B receptor, the
first agent present in the pharmaceutical compositions of the presently disclosed

subject matter is selected from the group consisting of a gastrin peptide designed
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to induce an active humoral response against gastrin, and/or an anti-gastrin
antibody and/or an anti-CCK-R antibody designed to provide a passive humoral
response against gastrin and/or a CCK-B receptor, in some embodiments a CCK-
B receptor present on gastrin-associated tumor and/or cancer. While not wishing
to be bound by any particular theory of action, the active and/or a passive humoral
immune response against a gastrin peptide and/or a CCK-B receptor is designed
to inhibit, either partially or completely, gastrin signaling in the gastrin-associated
tumor and/or cancer via the CCK-B receptor by reducing gastrin binding to the
CCK-B receptor by reducing the amount of circulating gastrin present in the
subject and/or by interfering with gastrin binding to the CCK-B receptor with
neutralizing and/or blocking antibodies.

Thus, in some embodiments the first agent comprises a gastrin peptide,
optionally a gastrin peptide comprising, consisting essentially of, or consisting of
an amino acid sequence selected from the group consisting of EGPWLEEEEE
(SEQ ID NO: 1), EGPWLEEEE (SEQ ID NO: 2), EGPWLEEEEEAY (SEQ ID NO:
3), and EGPWLEEEEEAYGWMDF (SEQ ID NO: 4), wherein the glutamic acid
residue at amino acid position 1 of any of SEQ ID NOs: 1-4 is a pyroglutamate
residue. In some embodiments, the gastrin peptide is conjugated to an
immunogenic carrier, optionally via a linker, further optionally a linker comprising a
e-maleimido caproic acid N-hydroxysuccinamide ester, in the pharmaceutical
composition. Non-limiting examples of immunogenic carriers include diphtheria
toxoid, tetanus toxoid, keyhole limpet hemocyanin, and bovine serum albumin.
The structure of the first agent is described in more detail herein above, but in
some embodiments the linker and the gastrin peptide are separated by an amino
acid spacer, optionally wherein the amino acid spacer is between 1 and 10 amino
acids in length, further optionally wherein the amino acid spacer is 7 amino acids
in length.

As would be appreciated by one of ordinary skill in the art upon
consideration of this disclosure, in some embodiments the pharmaceutical
composition further comprises an adjuvant, optionally an oil-based adjuvant, to
enhance the immunogenicity of the gastrin peptide and/or the gastrin peptide
conjugate when an active anti-gastrin humoral immune response is desired.

In order to induce a cellular immune response against the gastrin-

associated tumor or cancer, the methods of the presently disclosed subject matter
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employ pharmaceutical compositions that comprise one or more checkpoint
inhibitors.  As is known, checkpoint inhibitors inhibit one or more biological
activities of target polypeptides that have immune checkpoint activities.
Exemplary such polypeptides include cytotoxic T-lymphocyte antigen 4 (CTLA4)
polypeptides, programmed cell death-1 receptor (PD-1) polypeptides, and
programmed cell death 1 receptor ligand (PD-L1) polypeptides. In some
embodiments, a checkpoint inhibitor comprises an antibody or a small molecule
that binds to and/or interferes with interactions between T cells and tumor cells by
inhibiting or preventing interactions between PD-1 polypeptides and PD-L1
polypeptides. Exemplary such antibodies and small molecules include but are not
limited to Ipilimumab, Tremelimumab, Nivolumab, Pidilizumab, Pembrolizumab,
AMP514, AUNP12, BMS-936559/MDX-1105, Atezolizumab, MPDL3280A,
RG7446, RO5541267, MEDI4736, Avelumab and Durvalumab.

The pharmaceutical compositions of the presently disclosed subject matter
can include various amounts of the first and second agents, provided that both
humoral and cellular responses are induced and/or provided in the subject, and
the amounts of the first and second agents present in the pharmaceutical
compositions can be adjusted in order to maximize the effectiveness of the
treatment and/or minimize undesirable side effects thereof. However, in some
embodiments a pharmaceutical composition of the presently disclosed subject
matter is administered in a dose selected from the group consisting of about 50 ug
to about 1000 ug, about 50 pg to about 500 pg, about 100 pg to about 1000 g,
about 200 ug to about 1000 ug, and about 250 ug to about 500 ug, and optionally
wherein the dose is repeated once, twice, or three times, optionally wherein the
second dose is administered 1 week after the first dose and the third dose, if
administered, is administered 1 or 2 weeks after the second dose.

In some embodiments, a method for treating a gastrin-associated tumor
and/or cancer of the presently disclosed subject matter comprises administering to
a subject in need thereof a first agent that directly or indirectly inhibits one or more
biological activities of gastrin in the tumor and/or cancer and a second agent
comprising a stimulator of a cellular immune response against the tumor and/or
the cancer. As such, in some embodiments the first agent  directly or indirectly
inhibits one or more biological activities of gastrin in the tumor and/or cancer by

providing and/or inducing a humoral immune response against a gastrin peptide,
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optionally wherein the agent is selected from the group consisting of an anti-
gastrin antibody and a gastrin peptide that induces production of neutralizing anti-
gastrin antibodies in the subject; and/or comprises a nucleic acid that inhibits
expression of a gastrin gene product. Nucleic acids that inhibit expression of a
gastrin gene product would be understood by one of ordinary skill in the art after
consideration of this disclosure, and examples are discussed herein above.

Anti-gastrin antibodies are known in the art and are described in U.S.
Patent Nos. 5,607,676, 5,609,870, 5,622,702, 5,785,970, 5,866,128, and
6,861,510. See also PCT International Patent Application Publication Nos. WO
2003/005955 and WO 2005/095459. The content of each of these U.S. Patents
and PCT International Patent Application Publications is incorporated herein in its
entirety. In some embodiments, an anti-gastrin antibody is an antibody directed
against an epitope present within gastrin-17 (G17). In some embodiments, the
epitope is present within one or more of the amino acid sequences
EGPWLEEEEE (SEQ ID NO: 1), EGPWLEEEE (SEQ ID NO: 2),
EGPWLEEEEEAY (SEQ ID NO: 3), and EGPWLEEEEEAYGWMDF (SEQ ID NO:
4).

In some embodiments, administration of a pharmaceutical composition of
the presently disclosed subject matter to a subject induces a reduction in and/or
prevents the development of fibrosis associated with the pancreatic cancer.

In some embodiments, the presently disclosed treatment methods are
designed to inhibit growth and/or survival of a gastrin-associated tumor and/or
cancer in a subject. In some embodiments, the presently disclosed methods thus
comprise administering to the subject a composition that comprises a first agent
comprising a gastrin immunogen, one or more anti-gastrin antibodies, one or more
anti-CCK-B receptor antibodies, or any combination thereof; and a second agent
comprising a checkpoint inhibitor.

Thus, in some embodiments the presently disclosed subject matter
provides uses of the pharmaceutical compositions disclosed herein for the
preparation of medicaments to treat gastrin-associated tumors and/or cancers as
well as uses of the pharmaceutical compositions disclosed herein to treat gastrin-
associated tumors and/or cancers.

In some embodiments, the multi-agent pharmaceutical compositions

disclosed herein provide enhanced, more efficacious, and/or more successful
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treatment of gastrin-associated tumors and/or cancers than would treating a

similar subject with the any of the agents individually.

VI.B. Methods for Inducing and/or Enhancing Cellular Inmune Responses

Against Gastrin-associated Tumors and/or Cancers

The presently disclosed subject matter also provides methods for inducing
and/or enhancing cellular immune responses against gastrin-associated tumors
and/or cancers in subject. In some embodiments, the methods comprise
administering to a subject that has a gastrin-associated tumor or cancer an
effective amount of a composition comprising an agent that reduces or inhibits
gastrin signaling via CCK-B receptors present on a gastrin-associated tumor or
cancer, thereby inducing and/or enhancing a cellular immune response against
the subject’s gastrin-associated tumor and/or cancer. As used herein, the phrase
‘inducing and/or enhancing a cellular immune response against a gastrin-
associated tumor and/or cancer’ and grammatical variants of refers to a
circumstance where as a result of administering to a subject that has a gastrin-
associated tumor or cancer an effective amount of a composition comprising an
agent that reduces or inhibits gastrin signaling via CCK-B receptors present on a
gastrin-associated tumor or cancer, a level of a T cell-based immune response is
higher in the subject at a relevant time post-administration than would have been
present in the subject in the absence of the treatment. Agents that reduce or
inhibit gastrin signaling via CCK-B receptors present on a gastrin-associated
tumor or cancer include the agents disclosed herein that can interfere with an
interaction of a gastrin peptide and a CCK-B receptor, and include but are not
limited to gastrin peptides and/or immunogens, anti-gastrin antibodies, anti-CCK-B
receptor antibodies, small molecule inhibitors of gastrin/fCCK-B signaling, and
combinations thereof.

VI.C. Methods for Sensitizing Tumors and/or Cancers to Inducers of

Cellular Immune Responses

In some embodiments, the presently disclosed subject matter also provides
methods for sensitizing tumors and/or cancers associated with gastrin and/or
CCK-B receptor signaling in a subject to inducers of cellular immune responses
directed against the tumors and/or cancers. As used herein, the phrase

“sensitizing tumors and/or cancers associated with gastrin and/or CCK-B receptor
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signaling in a subject to inducers of cellular immune responses” refers to
treatments that result in levels of cellular immune responses in subjects when one
or more inducers of a cellular immune response is administered to the subject as
compared to levels of cellular immune responses in subjects when one or more
inducers of a cellular immune response is administered to the subject in the
absence of the treatment.

In some embodiments, the methods comprise administering to a subject a
composition comprising a first agent that induces and/or provides an active and/or
a passive humoral immune response against a gastrin peptide, and a second
agent that induces and/or provides a cellular imnmune response against the tumor
and/or the cancer, or a combination thereof, optionally wherein the first agent and
the second agent are individually selected from the group consisting of a gastrin
peptide and/or a fragment and/or a derivative thereof that induces a cellular
immune response or production of neutralizing anti-gastrin antibodies in the
subject and a neutralizing anti-gastrin antibody and/or a fragment and/or
derivative thereof and; and/or a composition comprising a nucleic acid that inhibits
expression of a gastrin gene product; and/or a composition comprising an agent
that blocks the biological function of gastrin at the CCK-B receptor. In some
embodiments, the anti-gastrin antibody is an antibody directed against an epitope
present within gastrin-17 (G17).

Accordingly, in some embodiments the instant methods for sensitizing
tumors and/or cancers associated with gastrin and/or CCK-B receptor signaling in
a subject to inducers of cellular immune responses comprises administering to the
subject a pharmaceutical composition as disclosed herein in order to induce
and/or provide to the subject both an active and/or a passive humoral immune
response against a gastrin peptide in the subject as well as to induce and/or
provide a cellular immune response against the tumor and/or the cancer.

VI.D. Methods for Preventing. Reducing, and/or Eliminating Fibrosis

Associated with Tumors and/or Cancers

PC is also characterized by a dense fibrotic environment (Neesse et al.,
2011), which helps promote angiogenesis and creates a physical barrier that
could inhibit the penetration of chemotherapeutics and immunotherapeutics to the
pancreatic tumor site (Templeton & Brentnall, 2013). Disclosed herein is the

unexpected and surprising observation that that with PAS administration,
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optionally in combination with one or more immune checkpoint inhibitors, the
fibrotic nature that is a hallmark of PC fibrosis can be reduced. While not wishing
to be bound by any particular theory of operation, a reduction in fibrosis can
facilitate greater penetration of other drugs, including but not Ilimited to
macromolecules like checkpoint mAbs. This could explain why check point
inhibitors have to date been characterized by very modest efficacy, perhaps due
to lack of penetration of the checkpoint mAbs to PDAC cells. Therefore, an aspect
of the presently disclosed subject matter is that PAS plus immune checkpoint
inhibitors have anti-PDAC-tumor activity separately when given as monotherapy,
but when given as a combination therapy as disclosed herein, they have much
greater activity.

Novel and innovative drug combinations with diverse but complementary or
even synergistic mechanisms of action are provided in accordance with the
presently disclosed subject matter to address the inherently fibrotic nature of
PDAC and to be beneficial to allow greater access to the tumor environment of
large monoclonal antibodies (mAbs), such as but not limited to anti-immune
checkpoint inhibitor mAbs. While not wishing to be bound by any particular theory
of operation, PAS plus immune checkpoint inhibitors when administered together
as part of a combination therapy can provide a synergistic effect to make tumors
more accessible to chemotherapeutics and immune checkpoint inhibitor drugs by
reducing the fibrosis associated with PDAC, thereby allowing anti-tumor
therapeutics to target the interaction of PD-1 and PD-L1 in order to induce a
cellular immune response against a gastrin-associated tumor.

Treatment with PAS results in a humoral immunological response (i.e., an
antibody response) to the autocrine and paracrine tumor/cancer growth factor
gastrin. In so doing, PAS affects the tumor/cancer (e.g., PDAC) phenotype by
affecting cell proliferation, apoptosis, angiogenesis, invasion, and metastasis. As
disclosed herein, PAS is also effective in decreasing fibrosis associated with
PDAC. While not wishing to be bound by any particular theory of operation, this is
believed to enhance the ability of large molecules, such as but not limited to
immune checkpoint inhibitory mAbs, to gain greater access to the pancreatic
tumor site, which in turn would be expected to promote a much greater cellular
immune effect. PAS also results in a cellular immune response to gastrin. Thus,

disclosed herein are methods for treating tumors and/or cancers by PAS
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administration in conjunction with the administration of immune checkpoint
inhibitors such as anti-PD-1, anti-PD-L1, and/or anti-CTLA-4 mAbs to address the
inherent fibrotic as well as recalcitrant nature of PDAC in resistance to therapeutic
agents that need access to the tumor for efficacy.

Therefore, in some embodiments the presently disclosed subject matter
provides methods for preventing, reducing, and/or eliminating formation of fibrosis
associated with a tumor and/or a cancer, optionally pancreatic cancer, by
contacting cells of the tumor and/or the cancer with an agent that directly or
indirectly inhibits one or more biological activities of gastrin in the tumor and/or
cancer. Agents that directly or indirectly inhibit one or more biological activities of
gastrin are disclosed herein above, and include agents that provide and/or induce
humoral immune responses against gastrin peptides (such as but not limited to
anti-gastrin antibodies, and/or fragments and/or derivatives thereof), and gastrin
peptides that induce production of neutralizing anti-gastrin antibodies in the
subject; inhibitory nucleic acids that inhibit expression of gastrin gene products;
small molecule compounds that block the function of the gastrin hormone, and
any combination thereof. In some embodiments, the anti-gastrin antibodies
comprise an antibody directed against an epitope present within gastrin-17 (G17),
which epitope is in some embodiments present within one or more of the amino
acid sequences EGPWLEEEEE (SEQ ID NO: 1), EGPWLEEEE (SEQ ID NO: 2),
EGPWLEEEEEAY (SEQ ID NO: 3), and EGPWLEEEEEAYGWMDF (SEQ ID NO:
4).

As with other immunogenic forms of gastrin and gastrin peptides disclosed
herein, in some embodiments the gastrin peptides are conjugated to an
immunogenic carrier, optionally an immunogenic carrier selected from the group
consisting of diphtheria toxoid, tetanus toxoid, keyhole limpet hemocyanin, and
bovine serum albumin.

In some embodiments, the methods for preventing, reducing, and/or
eliminating formation of fibrosis associated with a tumor and/or a cancer,
optionally pancreatic cancer further comprise contacting the tumor and/or the
cancer with a second agent comprising a stimulator of a cellular immune response
against the tumor and/or the cancer. Exemplary stimulators of cellular immune
responses include immune checkpoint inhibitors such as those that inhibit a

biological activity of a target polypeptide selected from the group consisting of
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cytotoxic T-lymphocyte antigen 4 (CTLA4), programmed cell death-1 receptor
(PD-1), and programmed cell death 1 receptor ligand (PD-L1), including but not
limited to

Ipilimumab, Tremelimumab, Nivolumab, Pidilizumab, Pembrolizumab,
AMP514, AUNP12, BMS-936559/MDX-1105, Atezolizumab, MPDL3280A,
RG7446, RO5541267, MEDI4736, and Avelumab.

In some embodiments, the tumor and/or cancer for which preventing,
reducing, and/or eliminating the formation of fibrosis therein is pancreatic cancer.

VI.LE. Methods for Modulating T Cell Subpopulations in Subjects and

Tumors Present Therein

As disclosed herein, administration of the pharmaceutical compositions of
the presently disclosed subject matter to subjects that have gastrin-associated
tumors and/or cancers was observed to modify both the circulating T cell
subpopulations present in subjects treated with gastrin-associated tumors and/or
cancers as well as the T cell subpopulations present within the tumors and/or
cancers per se.

In some embodiments, administration of the pharmaceutical compositions
of the presently disclosed subject matter to subjects that have gastrin-associated
tumors and/or cancers results in an enhancement of the number of CD8" tumor
infiltrating lymphocytes (TILs) present in gastrin-associated tumors and/or
cancers. It is recognized in the art that that TILs have anti-tumor and anti-cancer
activity, and thus increasing the number of TILs in a tumor and/or a cancer can
result in greater anti-tumor and/or anti-cancer efficacy of various treatment
strategies with either the pharmaceutical compositions of the presently disclosed
subject matter alone or in combination with other front-line an/d or secondary
treatments.

In some embodiments, administration of the pharmaceutical compositions
of the presently disclosed subject matter to subjects that have gastrin-associated
tumors and/or cancers results in a reduction in the number of FoxP3" inhibitory T-
regulatory cells (Tregs) present in gastrin-associated tumors and/or cancers. It is
recognized in the art that that Teqs have immunosuppressive activity, particularly
tumor- and cancer-specific immunosuppressive activity, and thus reducing the
number of FoxP3" inhibitory Tregs in @ tumor and/or a cancer can result in greater

anti-tumor and/or anti-cancer efficacy of various treatment strategies with either
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the pharmaceutical compositions of the presently disclosed subject matter alone
or in combination with other front-line an/d or secondary treatments. In some
embodiments, reducing the number of FoxP3" inhibitory Tregs IN @ tumor and/or a
cancer can result in greater efficacy of front-line chemotherapeutics.

In some embodiments, administration of the pharmaceutical compositions
of the presently disclosed subject matter to subjects that have gastrin-associated
tumors and/or cancers results in an increase in anti-gastrin Tgyra cells in the
subjects. Temra cells are effector memory T cells that are found in the peripheral
circulation and tissues. Temra cells appear to have a sentinel activity in that they
might be involved in recognizing metastases. As such, increasing anti-gastrin
Temra cells in subjects could prevent, reduce, and/or eliminate metastasis
associated with gastrin-associated tumors and/or cancers. Therefore, in some
embodiments the presently disclosed subject matter relates to methods for
increasing Temra cells that recognize gastrin-associated tumor and/or cancer
antigens and cells expressing the same by treating subjects with the
pharmaceutical compositions disclosed herein.

Summarily, in some embodiments the presently disclosed subject matter
relates to uses of the presently disclosed compositions comprising immune
checkpoint inhibitors and gastrin immunogens to treat gastrin-associated tumors
and/or cancers, either alone as a front-line therapy, in combination with other
front-line therapies, or in combination with any other therapy that would be
appropriate for a subject who has a gastrin-associated tumor and/or cancer.

VIl.  Conclusion

The presently disclosed subject matter thus relates in some embodiments
to combination therapies for the treatment of cancer using a combination of
methods that individually or together generate both a humoral antibody immune
response (using, for example, the gastrin cancer vaccine PAS) and a cellular T
cell immune response (using, for example, the gastrin cancer vaccine PAS or an
immune checkpoint inhibitor). More particularly, unexpected additive and/or
synergistic efficacies in treating human and animal gastrointestinal tumors using
the instantly described combination of drug classes that generate humoral and
cellular immune anti-tumor responses in combination with cellular immune anti-

tumor effects are described.

-62 -



10

15

20

25

30

WO 2018/232230 PCT/US2018/037737

More particularly, the presently disclosed subject matter relates in some
embodiments to using specific combinations of drugs that (i) induce humoral B cell
immune responses to a tumor growth factor or circulating tumor growth factor; and
(i) induce and/or enhance cellular immune responses (i.e., anti-tumor and/or
cancer T cell responses) directed against the tumor and/or cancer to elicit a
cytotoxic T lymphocyte response.

As such, in some embodiments disclosed herein are methods for treating
human and animal tumors and cancers using a combination of a gastrin cancer
vaccine in combination with a second drug that overcomes immune checkpoint
failure. Thus, in some embodiments the presently disclosed subject matter relates
to treating specific human cancers with a cancer vaccine directed at eliciting a B
cell and/or antibody immune response and a cellular immune response to the
active form of the growth factor gastrin, with the unexpected observation that this
vaccine treatment also resulted in making the tumor more responsive to treatment
with an immune checkpoint inhibitor, thus creating an unexpected, additive, or
even synergistic combination therapeutic effect that enhanced anti-tumor efficacy.

Additionally, the pharmaceutical compositions of the presently disclosed
subject matter can be employed for preventing, reducing, and/or eliminating
metastasis of a gastrin-associated tumor or cancer by administering to a subject
having a gastrin-associated tumor or cancer an amount of the pharmaceutical
composition of any one of claims 1-13 sufficient to enhance the number of CD8+
tumor infiltrating lymphocytes.

The use of claim 104, wherein the administering results in improves
survival of the subject, reduced tumor growth, and/or enhanced efficacy of a
chemotherapeutic agent and/or an immune checkpoint therapy in the subject as
compared to that which would have occurred had the pharmaceutical composition
not been administered.

Use of the pharmaceutical composition of any one of claims 1-13 for
preventing, reducing, and/or eliminating metastasis of a gastrin-associated tumor
or cancer by administering to a subject having a gastrin-associated tumor or
cancer an amount of the pharmaceutical composition of any one of claims 1-13

sufficient to reduce the number of FoxP3+ inhibitory T-regulatory cells.
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EXAMPLES

The following EXAMPLES provide illustrative embodiments. In light of the
present disclosure and the general level of skill in the art, those of skill will
appreciate that the following EXAMPLES are intended to be exemplary only and
that numerous changes, modifications, and alterations can be employed without
departing from the scope of the presently disclosed subject matter.

Materials and Methods for the EXAMPLES

Cell Line: Murine mT3 pancreatic cancer cells were obtained from the
laboratory of Dr. David Tuveson (Cold Spring Harbor Laboratories, Cold Spring
Harbor, New York, United States of America; see also Boj et al., 2015). These
cells have been shown to express the CCK-B receptor and produce gastrin, and
were used as the tumor model. These cells produce tumors in syngeneic C57BL/6
mice (Smith et al., 2018).

Study Design: All animal studies were performed in an ethical fashion

under a protocol approved by the Institutional Animal Care and Use Committee
(IACUC) of Georgetown University (Washington, D.C., United States of America).
Forty male (6 weeks old) C57BL-6 mice were injected with 500,000 cells
subcutaneously into the flank. On the 6™ day after inoculation 100% of the mice
had a palpable tumor and were allocated into one of four (4) groups of n = 10
mice each so that the baseline tumor volume was equal in all groups. The Groups
were as follows:

1. PBS Control (PBS)

2. PAS 100 pg (PAS100)

3. PD-1 Ab 150 pg (PD-1)

4, PD-1 Ab (150 ug) + PAS 100 ug (PD-1 + PAS100)

One week (7 days) after the mT3 cells were injected, non-control Groups of
mice received administration of patent applications and/or PD-1 Ab as follows: if
the mice were in a group that was to receive PAS, the PAS was injected starting
at the time of randomization (baseline time = 0) as an i.p. injection in 100 ul and
again at week 1 and at week 3. PD-1 antibody (Bio X cell, West Lebanon, New
Hampshire, United States of America) was given to appropriate mice at a dose of
150 ug i.p. five times during the study att =0, 4, 8, 15, and 21 days). Control mice
received PBS on the same days that PAS was administered. Tumor volumes were

measured weekly by calipers and calculated as L x (w)? x 0.5.
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Histology: After 31 days of growth the mice were ethically euthanized by
CO; asphyxiation and cervical dislocation. Mice were weighed, pancreatic tumors
were excised, and they were weighed. The tumors were divided and half of the
tumor was fixed in 4% paraffin in formaldehyde for histology and half was flash
frozen in liquid nitrogen. Tumor-associated fibrosis was assessed with Masson’s
trichrome staining. Analysis of Masson’s trichrome was done by a technician
blinded to the treatment using ImagedJ image processing and analysis software
(developed by Wayne Rasband of the United States National Institutes of Health
(NIH), Bethesda, Maryland, United States of America; available through the
website of the NIH).

For immunohistochemistry, tumors were sectioned from paraffin embedded
blocks (10 um) and fixed on slides. Tumor sections were stained with either anti-
CDS8 antibodies (1:75; EBIOSCIENCE™ San Diego, California, United States of
America); or anti-Foxp3 antibodies (1:30; EBIOSCIENCE™). Immunoreactive
cells were counted manually.

Spleen T-cell isolation. The spleen from each animal was removed,

weighed, and placed in a 60 mm dish containing 5 ml RPMI1640 medium. The
spleens were mechanically chopped using a razor blade. The medium containing
the spleen tissue was filtered through a 100 uM cell strainer to a 50 ml tube and
rinsed with medium a few times until the final volume was 40 ml. The spleen
tissue was then filtered again using a 40 uM cell strainer to a 50 ml tube, and
centrifuged to pellet down the cells at 1500 rpm for 5 minutes at 4°C. The
supernatant was removed and the cell pellet resuspended in 40 ml PBS before
the cells were repelleted by centrifugation at 1500 rpm for 5 minutes at 4°C. The
supernatant was discarded, the cell pellet was resuspended in 3 ml Washing
buffer (PBS with 2 mM EDTA and 0.5% bovine serum albumin), and then slowly
added on the top of 5 ml Ficoll medium in a 15 ml tube. After centrifugation at
2100 rpm for 20 minutes with deceleration set to zero, the lymphocytes were
collected from the white layer between buffer and the Ficoll. The lymphocytes
were washed an additional two times, resuspended in medium, and counted.

Flow cytometry. One million lymphocytes were added to a 5 ml clear tube
(Catalogue # 352054; BD Falcon, Bedford, Massachusetts, United States of
America), volumes were equalized with PBS, and the cells were pelleted at 1500
rem for 5 minutes. After washing with PBS, 50 ul of pre-diluted ZOMBIE NIR™
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brand fixable viability solution (BIOLEGEND®, San Diego, California, United
States of America) was added to the cells, which were then incubated at room
temperature in the dark for 20 minutes. The cells were washed and then blocked
by adding 5 ul Purified Rat Anti-Mouse CD16/CD32 (Mouse BD Fc BLOCK™
brand reagent; BD Biosciences, San Jose, California, United States of America)
and incubating for 20 minutes.

The antibodies listed in Table 1 were reacted to the lymphocytes and flow
cytometry performed using a FACSARIA™ llu brand cell sorter (BD Biosciences)
with 375 nm, 405 nm, 488 nm and 633 nm laser lines.

Table 1
Antibodies Employed for T-cell Staining for Flow Cytometry

Fluorescent Label Antigen |Supplier

PE CD4 |EBIOSCIENCE™ (San Diego,
California, United States of America)

Fitc CD3 |BIOLEGEND® (San Diego, California,
United States of America)

PE/Dazzle 594 CD62L |BIOLEGEND®

eFlour 450/BV421 CD8a |EBIOSCIENCE™

APC CD25 |BIOLEGEND®

BV 605 CD69 |BIOLEGEND®

BV 510 CD44 |BIOLEGEND®

BV 650 CD45 |BIOLEGEND®

For re-stimulation. 1 or 2 million isolated and washed lymphocytes were

added to each well of a 6-well plate for two duplicate plates, and the volume was
brought to the same for each (2 or 3 ml). Brefeldin A solution (BIOLEGEND®,
1000X Catalogue No. 420601) was added at 1 pl/ml to each well. 1 M gastrin-14
(Sigma Aldrich Catalogue No. SCP0152, having the amino acid sequence
pEGPWLEEEEEAYGW, SEQ ID NO: 5) was added to each well at 1 pl/ml for one
plate for a final gastrin concentration of 1 nM. The other duplicate plate was not
treated with gastrin-14 and served as a control. The 6-well plates were placed in
the cell culture incubator at 37°C for 6 hours. The cells were then removed,

washed, and permeabilized using an Intracellular Fixation & Permeabilization
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Buffer Set (EBIOSCIENCE™ Catalogue No. 88-8824-00). A cytokine antibody
master mix including the four (4) antibodies listed in Table 2 was added (4
antibodies for 8 samples, so 10 ul of each antibody to make the mastermix), and

incubated at 4° C overnight.

Table 2
Antibodies Employed for Re-stimulation Analyses
Fluorescent Label Target Supplier
PE/Dazzle594 TNFa EBIOSCIENCE™
APC IFNy EBIOSCIENCE™
PE Granzyme-B | EBIOSCIENCE™
FITC Perforin EBIOSCIENCE™

Flow cytometry was performed to analyze for cytokines in cells that were
re-stimulated with gastrin or with PBS. Analysis of flow cytometry data was done
using FCSExpress-6 software (De Novo Software, Glendale, California, United
States of America).

EXAMPLE 1

Producing Tumors in Mice

To determine whether PAS treatment induced both a humoral and a
cellular immune response and provided a synergistic effect on immune checkpoint
antibody therapy, tumors were generated in immune competent mice (e.g.,
C57BL/6 mice that were syngeneic with murine mT3 pancreatic cancer cells) by
introducing 5 x 10° murine mT3 pancreatic cancer cells in 0.1 ml PBS
subcutaneously into the flank. After allowing for one week for the tumors to
become established, mice were treated with PAS and one or more immune
checkpoint inhibitors as depicted in Figure 1.

Animals were treated starting one week after mT3 pancreatic cancer cell
inoculation as this timeframe ensured that all animals in the study had a palpable
subcutaneous tumor, and that treatment did not interfere with tumor initiation. The
primary end points were tumor growth and survival. Growth of tumors was

measured weekly with calipers and the volumes of the tumors were calculated as

-67 -



10

15

20

25

WO 2018/232230 PCT/US2018/037737

L x W? x 0.5 Tumors were excised and examined histologically by
immunohistochemistry for immune cells, including but not limited to tumor-
infiltrating lymphocytes (TILs), and T Regulatory cells (T,egs). Tumors were also
examined for the presence and extent of fibrosis development typically associated
with PDAC. Spleens were removed and T-cells isolated and re-stimulated with
gastrin. The cells were labeled with a panel of relevant antibodies for cytokines
and characterized by flow cytometry.

Each experiment employed 40 mice (n = 10 per group; see Figure 1),
which were implanted with 5 x 10° pancreatic murine cancer cells. Groups of
immune competent syngeneic mice bearing mT3 murine pancreatic tumors were
treated with PBS (negative control), PAS monotherapy (100 ug per administration
at0, 1, 2, and 3 weeks after tumor cell inoculation), an anti-PD-1 antibody (PD1-1
Ab; Bio X cell, West Lebanon, New Hampshire, United States of America) as an
immune checkpoint inhibitor (150 ug per administration at O, 4, 8, 15, and 21 days
after the first PAS vaccination), or a combination of both PAS vaccination (100 ug
per administration at O, 1, 2, and 3 weeks after tumor cell inoculation) and the
immune checkpoint inhibitor (150 ug per administration at O, 4, 8, 15, and 21 days
after the first PAS vaccination). The immune checkpoint blockade antibody
specific for programmed cell death protein 1 (PD1-1 Ab; Bio X cell, West Lebanon,
New Hampshire, United States of America) was administered intraperitoneally.
The data are summarized in Table 3 below and in Figure 2.

Table 3
Mean Mouse Body Weight in Each Treatment Group

Treatment Group Mean Weight (g + SEM) | p value
PBS (negative control) 27.500 + 0.563 -
PD-1 27.333 £ 0.645 NS
PAS100 alone 27.400 + 0.499 NS
PD-1 + PAS100 28.000 + 0.577 NS

NS: not significant
There were no statistical differences in final tumor weights in grams
between the PBS control mice and the weights of the tumors from mice in both the
PD-1 and PAS100-treated groups. In contrast, the mice treated with the

combination of PD-1 and PAS100 had significantly smaller tumors compared to
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PBS (p = 0.014) and PD-1 controls (p = 0.0017). Furthermore, the combination
therapy with PD-1 and PAS100 resulted in tumors that were also significantly
smaller than PAS100 monotherapy (p < 0.05).
EXAMPLE 2
Analyses of Temra CD47/CD8™ Cells in the CD3 Terminally Differentiated
T Cell Subpopulation

Tumors were induced in mice as set forth in EXAMPLE 1. T lymphocytes
were isolated from spleen peripheral blood mononuclear cells (PBMCs) that were
isolated from mice that had been treated with PBS, PD-1 Ab, PAS100, or PAS100
+ PD-1 Ab. Various subpopulations of T cells were identified by flow cytometry
using the antibodies listed in Table 1. In particular, a first T cell subpopulation
was isolated that was CD3"/CD47/CD8", and from this subpopulation a further
subpopulation representing Tewra cells that were CD3'/CD47/CD87/CD44~
/CD62L" was isolated. The percentages and proportions of these various
subpopulations present in mice that had been treated with PBS, PD-1 Ab,
PAS100, or PAS100 + PD-1 Ab were determined, and the results are presented in
Figures 3A and 3B.

Figure 3A shows the percentage of Temra cells (CD3*/CD47/CD87/CD44~
/CD62L7) in CD3™ T cells in mice treated with PBS, PD-1 Ab, PAS100, or
PAS100/PD-1. Figure 3B shows the proportion of CD3*/CD47/CD8" cells in each
treatment group that were Tgura cells.

The most significant differences among the treatment groups were that
PAS100 had lower CD47/CD8™ Temra cells than that of PBS, whereas PAS100 +
PD-1 treatment resulted in similar CD47/CD8™ Tgura cells as compared to that of
PBS. The portion of Temra cells (CD3*/CD47/CD87/CD447/CD62L7) in T cells from
mice treated with PAS100/PD1 was over 2-fold higher than that from mice treated
with PBS or PAS100 alone, suggesting that Tewra cells (CD3*/CD47/CD8/CD44"
/CD62L") were good for defending against and fighting gastrin-associated tumors
and cancers.

EXAMPLE 3
Cytokine Activation Assay with PAS100

T lymphocytes were isolated from spleen peripheral blood mononuclear

cells (PBMCs) that were isolated from mice that had been treated with PAS100.

These cells were evaluated by flow cytometry to determine if they were indeed
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activated T-cells by cytokine activation to Interferon-y (INFG), Granzyme-B
(granzyme), Perforin, and tumor necrosis factor-a(TNFa). The results are provided
in Figures 4A and 4B.

Figure 4A shows that the T cells isolated from mice treated with PAS100
were indeed activated. When these same cells were re-stimulated with gastrin in
culture for 6 hours (see Figure 4B), they were re-stimulated and released more
cytokines, confirming that vaccination with PAS100 stimulated T cells and further
that these T cells specifically reacted to gastrin.

EXAMPLE 4
Comparison of PAS100 to Combination Therapy with PAS & PD-1

T lymphocytes were isolated from spleen PBMC isolated from mice that

had been treated with PAS100 or a combination of PAS100 and PD-1. Ccells

were evaluated by flow cytometry to determine if they were indeed activated T

cells by cytokine activation to Interferon-y (INFG), Granzyme-B (granzyme),
Perforin, and tumor necrosis factor-a(TNFa). The results are provided in Figures
5A and 5B.

Activated T lymphocytes from mice treated with PAS100 alone released
increased cytokines compared to lymphocytes from PBS treated mice (see Figure
5A). The lymphocytes from the combination treated mice, however, released
markedly more cytokines (see Figure 5B), suggesting that the combination
therapy was better at stimulating activated T cells. TNFa in particular was
increased greater than 2-fold with the PAS100 + PD-1 Ab combination therapy as
compared to treatment with PAS100 alone (compare Figures 5A and 5B).

EXAMPLE 5
Analysis of the Effect of PD-1 Monotherapy, PAS100 Monotherapy,
and PD-1 + PAS100 Combination Therapy on Fibrosis
Tumors from mice treated with PBS, PD-1 alone, PAS100, or PAS100 +

PD-1 were fixed in 4% paraformaldehyde, paraffin embedded, and 8 um sections

were cut and mounted. Tissue sections were stained for fibrosis with Masson’s
trichrome.

Representative sections stained with Masson’s trichrome are shown in
Figure 6A. Fibrosis quantitative scores were analyzed by a computer program
using ImagedJ image processing and analysis software, and the results are

presented in Figure 6B. Of note is that whereas the integrated density of the
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tumors treated with PD-1 monotherapy and PAS100 monotherapy were
insignificantly different the negative control PBS treatment, the PAS + PD-1 Ab
combination therapy resulted in a decrease in density (and hence fibrosis) that
was statistically significant as compared to PBS alone (p < 0.005) and also
PAS100 alone (p < 0.001).
EXAMPLE 6
Analysis of the Effect of PD-1 Monotherapy, PAS100 Monotherapy,
and PD-1 + PAS100 Combination Therapy on CD8" T Cell Infiltration

Tumors were fixed in 4% paraformaldehyde, paraffin embedded, and 8 um

sections were cut and mounted. CD8" lymphocytes were stained in the tumor
microenvironment with CD8 antibodies (1:75 titer; EBIOSCIENCE™, San Diego,
California, U1SA) and CD8" cells were manually counted in a blinded fashion. The
results are presented in Figures 7A and 7B.

As shown in Figures 7A and 7B, CD8" tumor-infiltrating lymphocytes (TILs)
increased with PAS100 and PD-1 alone, but were markedly increased with the
combination therapy. The combination PAS100 + PD-1 CD8" cells were
significantly greater than PD-1 alone (p = 0.042) and greater than PAS100 alone
(p = 0.039).

EXAMPLE 7

Analysis of the Effect of PD-1 Monotherapy, PAS100 Monotherapy,

and PD-1 + PAS100 Combination Therapy on Foxp3™ T;eq Infiltration

Tumors were fixed in 4% paraformaldehyde, paraffin embedded, and 8 um

sections were cut and mounted. Tumors were reacted with an anti-Foxp3 antibody
(1:30; EBIOSCIENCE™) and immunoreactive cells counted manually using
ImageJ software. The results are presented in Figures 8A and 8B.

Figure 8A depicts exemplary mT3 tumors stained with an antibody that
binds to the Foxp3 protein, a marker for T,eqs. Comparison of the fields shows that
as compared to PBS (upper left panel), PD-1 monotherapy (upper right panel), or
PAS100 monotherapy (lower left panel), PAS100 & PD-1 combination therapy
resulted in a decrease in the presence of intratumoral Trgs, suggesting that
PAS100 + PD-1 combination therapy might modify the intratumoral environment
to an extent where the intratumoral microenvironment might be characterized by a
lower degree of Teg-based immunosuppression as compared to either

monotherapy alone.
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Figure 8B is a bar graph summarizing the data exemplified by Figure 8A.
As compared to PBS, the number of Foxp3™ cells in tumors treated with PD-1
monotherapy or PAS100 monotherapy was not significantly different. Tumors
treated with PAS100 + PD-1 combination therapy had significantly fewer Foxp3*
cells that the negative control.
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CLAIMS

What is claimed is:

1.

A pharmaceutical composition comprising (i) a first agent that induces
and/or provides an active and/or a passive humoral immune response
against a gastrin peptide and/or a CCK-B receptor; and (ii) an immune
checkpoint inhibitor.

The pharmaceutical composition of claim 1, wherein the first agent is
selected from the group consisting of a gastrin peptide, an anti-gastrin
antibody, and an anti-CCK-R antibody.

The pharmaceutical composition of claim 2, wherein the first agent
comprises a gastrin peptide, optionally a gastrin peptide comprising,
consisting essentially of, or consisting of an amino acid sequence selected
from the group consisting of EGPWLEEEEE (SEQ ID NO: 1),
EGPWLEEEE (SEQ ID NO: 2), EGPWLEEEEEAY (SEQ ID NO: 3), and
EGPWLEEEEEAYGWMDF (SEQ ID NO: 4).

The pharmaceutical composition of claim 3, wherein the gastrin peptide is
conjugated to an immunogenic carrier, optionally via a linker.

The pharmaceutical composition of claim 4, wherein the immunogenic
carrier is selected from the group consisting of diphtheria toxoid, tetanus
toxoid, keyhole limpet hemocyanin, and bovine serum albumin.

The pharmaceutical composition of claim 4, wherein the linker comprises a
e-maleimido caproic acid N-hydroxysuccinamide ester.

The pharmaceutical composition of claim 4 or claim 6, wherein the linker
and the gastrin peptide are separated by an amino acid spacer, optionally
wherein the amino acid spacer is between 1 and 10 amino acids in length,
further optionally wherein the amino acid spacer is 7 amino acids in length.
The pharmaceutical composition of claim 1, wherein the pharmaceutical
composition further comprises an adjuvant, optionally an oil-based
adjuvant.

The pharmaceutical composition of claim 1, wherein the immune
checkpoint inhibitor inhibits a biological activity of a target polypeptide
selected from the group consisting of cytotoxic T-lymphocyte antigen 4
(CTLA4), programmed cell death-1 receptor (PD-1), and programmed cell
death 1 receptor ligand (PD-L1).
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10.

11.

12.

13.

14.

15.

16.

The pharmaceutical composition of claim 1, wherein the immune
checkpoint inhibitor is selected from the group consisting of Ipilimumab,
Tremelimumab, Nivolumab, Pidilizumab, Pembrolizumab, AMP514,
AUNP12, BMS-936559/MDX-1105, Atezolizumab, MPDL3280A, RG7446,
R0O5541267, MEDI4736, Avelumab and Durvalumab.

The pharmaceutical composition of claim 1, wherein the gastrin-associated
tumor and/or cancer is pancreatic cancer.

The pharmaceutical composition of claim 1, wherein the first agent
comprises an amount of a gastrin peptide comprising, consisting essentially
of, or consisting of an amino acid sequence selected from the group
consisting of EGPWLEEEEE (SEQ ID NO: 1), EGPWLEEEE (SEQ ID NO:
2), EGPWLEEEEEAY (SEQ ID NO: 3), and EGPWLEEEEEAYGWMDF
(SEQ ID NO: 4) effective to induce an anti-gastrin humoral response and
the second agent comprises an amount of an immune checkpoint inhibitor
that is effective to induce or enhance a cellular iImmune response against a
gastrin-associated tumor or cancer when administered to a subject who
has gastrin-associated tumor or cancer.

The pharmaceutical composition of claim 1, wherein the first agent
comprises one or more anti-CCK-B receptor antibodies and is present in
the pharmaceutical composition in an amount sufficient to reduce or inhibit
gastrin signaling via CCK-B receptors present on a gastrin-associated
tumor or cancer when administered to a subject that has a gastrin-
associated tumor or cancer.

The pharmaceutical composition of any one of claims 1-13 for use in
producing a medicament for treating a gastrin-associated tumor or cancer.
The pharmaceutical composition of any one of claims 1-13 for use in
treating a gastrin-associated tumor or cancer.

A method for treating a gastrin-associated tumor or cancer in a subject, the
method comprising administering to the subject an effective amount of a
composition that comprises (i) a first agent that induces and/or provides an
active and/or a passive humoral immune response against a gastrin
peptide and/or a CCK-B receptor; and (ii) a second agent that induces
and/or provides a cellular immmune response against the gastrin-associated

tumor or cancer.
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17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

The method of claim 16, wherein the first agent is selected from the group
consisting of a gastrin peptide, an anti-gastrin antibody, and an anti-CCK-R
antibody

The method of claim 16, wherein the first agent comprises a gastrin
peptide, optionally a gastrin peptide comprising, consisting essentially of, or
consisting of an amino acid sequence selected from the group consisting of
EGPWLEEEEE (SEQ ID NO: 1), EGPWLEEEE (SEQ ID NO: 2),
EGPWLEEEEEAY (SEQ ID NO: 3), and EGPWLEEEEEAYGWMDF (SEQ
ID NO: 4).

The method of claim 18, wherein the gastrin peptide is conjugated to an
immunogenic carrier, optionally via a linker.

The method of claim 19, wherein the immunogenic carrier is selected from
the group consisting of diphtheria toxoid, tetanus toxoid, keyhole limpet
hemocyanin, and bovine serum albumin.

The method of claim 19, wherein the linker comprises a e-maleimido
caproic acid N-hydroxysuccinamide ester.

The method of claim 19 or claim 21, wherein the linker and the gastrin
peptide are separated by an amino acid spacer, optionally wherein the
amino acid spacer is between 1 and 10 amino acids in length, further
optionally wherein the amino acid spacer is 7 amino acids in length.

The method of claim 16, wherein the composition further comprises an
adjuvant, optionally an oil-based adjuvant.

The method of claim 16, wherein the inducer of the cellular immune
response against the gastrin-associated tumor or cancer comprises an
immune checkpoint inhibitor.

The method of claim 24, wherein the immune checkpoint inhibitor inhibits a
biological activity of a target polypeptide selected from the group consisting
of cytotoxic T-lymphocyte antigen 4 (CTLA4), programmed cell death-1
receptor (PD-1), and programmed cell death 1 receptor ligand (PD-L1).

The method of claim 25, wherein the immune checkpoint inhibitor is
selected from the group consisting of Ipilimumab, Tremelimumab,
Nivolumab, Pidilizumab, Pembrolizumab, AMP514, AUNP12, BMS-
936559/MDX-1105, Atezolizumab, MPDL3280A, RG7446, R05541267,
MEDI4736, Avelumab and Durvalumab.
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27.

28.

29.

30.

31.

32.

33.

The method of claim 16, wherein the gastrin-associated tumor and/or
cancer is pancreatic cancer.

The method of claim 27, wherein the composition induces a reduction in
and/or prevents the development of fibrosis associated with the pancreatic
cancer.

The method of claims 16, wherein the composition is administered in a
dose selected from the group consisting of about 50 ug to about 1000 g,
about 50 pg to about 500 ug, about 100 ug to about 1000 ug, about 200 ug
to about 1000 pg, and about 250 pg to about 500 ug, and optionally
wherein the dose is repeated once, twice, or three times, optionally wherein
the second dose is administered 1 week after the first dose and the third
dose, if administered, is administered 1 or 2 weeks after the second dose.
A method for treating a gastrin-associated tumor and/or cancer, the method
comprising administering to a subject in need thereof a first agent that
directly or indirectly inhibits one or more biological activities of gastrin in the
tumor and/or cancer and a second agent comprising a stimulator of a
cellular immune response against the tumor and/or the cancer.

The method of claim 30, wherein the first agent:

(1) directly or indirectly inhibits one or more biological activities of
gastrin in the tumor and/or cancer by providing and/or
inducing a humoral immune response against a gastrin
peptide, optionally wherein the agent is selected from the
group consisting of an anti-gastrin antibody and a gastrin
peptide that induces production of neutralizing anti-gastrin
antibodies in the subject; and/or

(i) comprises a nucleic acid that inhibits expression of a gastrin
gene product.

The method of claim 31, wherein the anti-gastrin antibody is an antibody
directed against an epitope present within gastrin-17 (G17).

The method of claim 30, wherein the epitope is present within the amino
acid sequence EGPWLEEEEE (SEQ ID NO: 1), EGPWLEEEE (SEQ ID
NO: 2), EGPWLEEEEEAY (SEQ ID NO: 3), or EGPWLEEEEEAY GWMDF
(SEQ ID NO: 4).
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34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

The method of any one of claims 30-33, wherein the first agent comprises
the gastrin peptide conjugated to an immunogenic carrier.

The method of claim 34, wherein the gastrin peptide comprises an amino
acid sequence selected from the group consisting of EGPWLEEEEE (SEQ
ID NO: 1), EGPWLEEEE (SEQ ID NO: 2), EGPWLEEEEEAY (SEQ ID NO:
3), and EGPWLEEEEEAYGWMDF (SEQ ID NO: 4).

The method of claim 34, wherein the immunogenic carrier is selected from
the group consisting of diphtheria toxoid, tetanus toxoid, keyhole limpet
hemocyanin, and bovine serum albumin.

The method of claim 34, wherein the gastrin peptide is conjugated to the
immunogenic carrier via a linker.

The method of claim 37, wherein the linker comprises a e-maleimido
caproic acid N-hydroxysuccinamide ester.

The method of claim 37 or claim 38, wherein the linker and the gastrin
peptide are separated by an amino acid spacer, optionally wherein the
amino acid spacer is between 1 and 10 amino acids in length, further
optionally wherein the amino acid spacer is 7 amino acids in length.

The method of any of claims 30-39, wherein the first agent further
comprises an adjuvant, optionally an oil-based adjuvant.

The method of any of claims 30-40, wherein the second agent is an
immune checkpoint inhibitor.

The method of claim 41, wherein the immune checkpoint inhibitor inhibits a
biological activity of a target polypeptide selected from the group consisting
of cytotoxic T-lymphocyte antigen 4 (CTLA4), programmed cell death-1
receptor (PD-1), and programmed cell death 1 receptor ligand (PD-L1).

The method of claim 42, wherein the immune checkpoint inhibitor is
selected from the group consisting of Ipilimumab, Tremelimumab,
Nivolumab, Pidilizumab, Pembrolizumab, AMP514, AUNP12, BMS-
936559/MDX-1105, Atezolizumab, MPDL3280A, RG7446, R05541267,
MEDI4736, and Avelumab.

The method of any of claims 30-43, wherein the gastrin-associated tumor

and/or cancer is pancreatic cancer.
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45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

The method of claim 44, wherein the first agent induces a reduction in
and/or prevents the development of fibrosis associated with the pancreatic
cancer.

A method for inhibiting growth of a gastrin-associated tumor and/or cancer
in a subject, the method comprising administering to the subject a
composition that comprises a first agent comprising a gastrin immunogen,
one or more anti-gastrin antibodies, one or more anti-CCK-B receptor
antibodies, or any combination thereof, and a second agent comprising an
immune checkpoint inhibitor.

The method of claim 46, wherein the first agent is selected from the group
consisting of a gastrin peptide, an anti-gastrin antibody, and an anti-CCK-R
antibody.

The method of claim 46, wherein the first agent comprises a gastrin
peptide, optionally a gastrin peptide comprising, consisting essentially of, or
consisting of an amino acid sequence selected from the group consisting of
EGPWLEEEEE (SEQ ID NO: 1), EGPWLEEEE (SEQ ID NO: 2),
EGPWLEEEEEAY (SEQ ID NO: 3), and EGPWLEEEEEAYGWMDF (SEQ
ID NO: 4).

The method of claim 48, wherein the gastrin peptide is conjugated to an
immunogenic carrier, optionally via a linker.

The method of claim 49, wherein the immunogenic carrier is selected from
the group consisting of diphtheria toxoid, tetanus toxoid, keyhole limpet
hemocyanin, and bovine serum albumin.

The method of claim 49, wherein the linker comprises a e&-maleimido
caproic acid N-hydroxysuccinamide ester.

The method of claim 49 or claim 51, wherein the linker and the gastrin
peptide are separated by an amino acid spacer, optionally wherein the
amino acid spacer is between 1 and 10 amino acids in length, further
optionally wherein the amino acid spacer is 7 amino acids in length.

The method of claim 46, wherein the composition further comprises an
adjuvant, optionally an oil-based adjuvant.

The method of claim 46, wherein the inducer of the cellular immune
response against the gastrin-associated tumor or cancer comprises an

immune checkpoint inhibitor.
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55.

56.

57.

58.

59.

60.

61.

62.

63.

The method of claim 54, wherein the immune checkpoint inhibitor inhibits a
biological activity of a target polypeptide selected from the group consisting
of cytotoxic T-lymphocyte antigen 4 (CTLA4), programmed cell death-1
receptor (PD-1), and programmed cell death 1 receptor ligand (PD-L1).

The method of claim 55, wherein the immune checkpoint inhibitor is
selected from the group consisting of Ipilimumab, Tremelimumab,
Nivolumab, Pidilizumab, Pembrolizumab, AMP514, AUNP12, BMS-
936559/MDX-1105, Atezolizumab, MPDL3280A, RG7446, R05541267,
MEDI4736, Avelumab and Durvalumab.

The method of claim 46, wherein the gastrin-associated tumor and/or
cancer is pancreatic cancer.

The method of claim 57, wherein the composition induces a reduction in
and/or prevents the development of fibrosis associated with the pancreatic
cancer.

The method of claims 46, wherein the composition is administered in a
dose selected from the group consisting of about 50 ug to about 1000 g,
about 50 pg to about 500 ug, about 100 ug to about 1000 ug, about 200 ug
to about 1000 pg, and about 250 pg to about 500 ug, and optionally
wherein the dose is repeated once, twice, or three times, optionally wherein
the second dose is administered 1 week after the first dose and the third
dose, if administered, is administered 1 or 2 weeks after the second dose.
A method for inducing and/or enhancing a cellular immune response
against a gastrin-associated tumor or cancer in a subject, the method
comprising administering to a subject that has a gastrin-associated tumor
or cancer an effective amount of a composition comprising an agent that
reduces or inhibits gastrin signaling via CCK-B receptors present on a
gastrin-associated tumor or cancer.

The method of claim 60, wherein the agent comprises a gastrin peptide, an
anti-gastrin antibody, an anti-CCK-B receptor antibody, or any combination
thereof.

The method of claim 61, wherein the gastrin peptide comprises a gastrin-17
(G17) peptide or an immunogenic fragment thereof.

The method of claim 62, wherein the gastrin peptide or the immunogenic

fragment thereof comprises, consists essentially of, or consists of an
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64.

65.

66.

67.

68.

amino acid sequence selected from the group consisting of EGPWLEEEEE

(SEQ ID NO: 1), EGPWLEEEE (SEQ ID NO: 2), EGPWLEEEEEAY (SEQ

ID NO: 3), and EGPWLEEEEEAYGWMDF (SEQ ID NO: 4).

The method of claim 61, wherein the agent comprises a gastrin peptide

conjugated to an immunogenic carrier, optionally wherein the immunogenic

carrier is selected from the group consisting of diphtheria toxoid, tetanus
toxoid, keyhole limpet hemocyanin, and bovine serum albumin.

The method of claim 64, wherein the gastrin peptide is conjugated to the

immunogenic carrier via a linker, optionally a linker comprising a e-

maleimido caproic acid N-hydroxysuccinamide ester.

The method of claim 64, wherein the linker and the gastrin peptide are

separated by an amino acid spacer, optionally wherein the amino acid

spacer is between 1 and 10 amino acids in length, further optionally
wherein the amino acid spacer is 7 amino acids in length.

The method of claim 60, wherein the composition further comprises an

adjuvant, optionally an oil-based adjuvant.

A method for sensitizing a tumor and/or a cancer associated with gastrin

and/or CCK-B receptor signaling in a subject to an inducer of a cellular

immune response directed against the tumor and/or cancer, the method
comprising administering to the subject a composition comprising:

(a) a first agent that induces and/or provides an active and/or a passive
humoral immune response against a gastrin peptide, and a second
agent that induces and/or provides a cellular immune response
against the tumor and/or the cancer, or a combination thereof,
optionally wherein the first agent and the second agent are
individually selected from the group consisting of a gastrin peptide
and/or a fragment and/or a derivative thereof that induces a cellular
immune response or production of neutralizing anti-gastrin
antibodies in the subject and a neutralizing anti-gastrin antibody
and/or a fragment and/or derivative thereof and; and/or

(b) a composition comprising a nucleic acid that inhibits expression of a
gastrin gene product; and/or

(c) a composition comprising an agent that blocks the biological function

of gastrin at the CCK-B receptor.
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69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

The method of claim 68, wherein the anti-gastrin antibody is an antibody
directed against an epitope present within gastrin-17 (G17).

The method of claim 69, wherein the epitope is present within the amino
acid sequence EGPWLEEEEE (SEQ ID NO: 1) or EGPWLEEEE (SEQ ID
NO: 2) or EGPWLEEEEEAY (SEQ ID NO: 3) OR
EGPWLEEEEEAYGWMDF (SEQ ID NO: 4).

The method of any of claims 68-70, wherein the composition comprises the
gastrin peptide conjugated to an immunogenic carrier.

The method of claim 71, wherein the gastrin peptide comprises an amino
acid sequence selected from the group consisting of SEQ ID NO: 1, SEQ
ID NO: 2, SEQ ID NO: 3 and SEQ ID NO: 4.

The method of claim 71, wherein the immunogenic carrier is selected from
the group consisting of diphtheria toxoid, tetanus toxoid, keyhole limpet
hemocyanin, and bovine serum albumin.

The method of claim 71, wherein the gastrin peptide is conjugated to the
immunogenic carrier via a linker.

The method of claim 74, wherein the linker comprises a &-maleimido
caproic acid N-hydroxysuccinamide ester.

The method of claim 74 or claim 75, wherein the linker and the gastrin
peptide are separated by an amino acid spacer, optionally wherein the
amino acid spacer is between 1 and 10 amino acids in length, further
optionally wherein the amino acid spacer is 7 amino acids in length.

The method of any of claims 68-76, wherein the composition further
comprises an adjuvant, optionally an oil-based adjuvant.

The method of any of claims 68-77, wherein the inducer of the cellular
immune response against the gastrin-associated tumor and/or cancer
comprises an immune checkpoint inhibitor.

The method of claim 78, wherein the immune checkpoint inhibitor inhibits a
biological activity of a target polypeptide selected from the group consisting
of cytotoxic T-lymphocyte antigen 4 (CTLA4), programmed cell death-1
receptor (PD-1), and programmed cell death 1 receptor ligand (PD-L1).

The method of claim 79, wherein the immune checkpoint inhibitor is
selected from the group consisting of Ipilimumab, Tremelimumab,
Nivolumab, Pidilizumab, Pembrolizumab, AMP514, AUNP12, BMS-
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81.

82.

83.

84.

85.

86.

87.

936559/MDX-1105, Atezolizumab, MPDL3280A, RG7446, R05541267,
MEDI4736, Avelumab and Durvalumab.
The method of claim 68, wherein the gastrin-associated tumor and/or
cancer is pancreatic cancer.
The method of claim 81, wherein the composition induces a reduction in
and/or prevents the development of fibrosis associated with the pancreatic
cancer.
The method of claim 68, wherein the composition is administered in a dose
selected from the group consisting of about 50 ug to about 1000 ug, about
50 pg to about 500 pg, about 100 ug to about 1000 ug, about 200 ug to
about 1000 ug, and about 250 ug to about 500 ug, and optionally wherein
the dose is repeated once, twice, or three times, optionally wherein the
second dose is administered 1 week after the first dose and the third dose,
if administered, is administered 1 or 2 weeks after the second dose.
A method for preventing, reducing, and/or eliminating formation of fibrosis
associated with a tumor and/or a cancer, the method comprising contacting
cells of the tumor and/or the cancer with an agent that directly or indirectly
inhibits one or more biological activities of gastrin in the tumor and/or
cancer.
The method of claim 84, wherein the agent:
(1) provides and/or induces a humoral immune response against
a gastrin peptide, optionally wherein the agent is selected
from the group consisting of an anti-gastrin antibody, and/or a
fragment and/or derivative thereof, and a gastrin peptide that
induces production of neutralizing anti-gastrin antibodies in
the subject; and/or
(i) comprises a nucleic acid that inhibits expression of a gastrin
gene product; and/or
(i)  comprises a small molecule compound that blocks the
function of the gastrin hormone.
The method of claim 85, wherein the anti-gastrin antibody is an antibody
directed against an epitope present within gastrin-17 (G17).
The method of claim 86, wherein the epitope is present within the amino
acid sequence EGPWLEEEEE (SEQ ID NO: 1), EGPWLEEEE (SEQ ID
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88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

NO: 2), EGPWLEEEEEAY (SEQ ID NO: 3), or EGPWLEEEEEAY GWMDF
(SEQ ID NO: 4).

The method of any one of claims 84-87, wherein the agent comprises the
gastrin peptide that induces production of neutralizing anti-gastrin
antibodies conjugated to an immunogenic carrier.

The method of claim 88, wherein the gastrin peptide comprises an amino
acid sequence selected from the group consisting of EGPWLEEEEE (SEQ
ID NO: 1), EGPWLEEEE (SEQ ID NO: 2), EGPWLEEEEEAY (SEQ ID NO:
3), and EGPWLEEEEEAYGWMDF (SEQ ID NO: 4).

The method of claim 88, wherein the immunogenic carrier is selected from
the group consisting of diphtheria toxoid, tetanus toxoid, keyhole limpet
hemocyanin, and bovine serum albumin.

The method of claim 88, wherein the gastrin peptide is conjugated to the
immunogenic carrier via a linker.

The method of claim 91, wherein the linker comprises a e-maleimido
caproic acid N-hydroxysuccinamide ester.

The method of claim 91 or claim 92, wherein the linker and the gastrin
peptide are separated by an amino acid spacer, optionally wherein the
amino acid spacer is between 1 and 10 amino acids in length, further
optionally wherein the amino acid spacer is 7 amino acids in length.

The method of any one of claims 84-93, wherein the agent further
comprises an adjuvant, optionally an oil-based adjuvant.

The method of any one of claims 84-94, further comprising contacting the
tumor and/or the cancer with a second agent comprising a stimulator of a
cellular immune response against the tumor and/or the cancer.

The method of claim 95, wherein the second agent is an immune
checkpoint inhibitor.

The method of claim 96, wherein the immune checkpoint inhibitor inhibits a
biological activity of a target polypeptide selected from the group consisting
of cytotoxic T-lymphocyte antigen 4 (CTLA4), programmed cell death-1
receptor (PD-1), and programmed cell death 1 receptor ligand (PD-L1).

The method of claim 97, wherein the immune checkpoint inhibitor is
selected from the group consisting of Ipilimumab, Tremelimumab,
Nivolumab, Pidilizumab, Pembrolizumab, AMP514, AUNP12, BMS-
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99.

100.

101.

102.

103.

104.

105.

1086.

936559/MDX-1105, Atezolizumab, MPDL3280A, RG7446, R05541267,
MEDI4736, and Avelumab.

The method of any one of claims 84-98, wherein the tumor and/or cancer is
pancreatic cancer.

Use of the pharmaceutical composition of any one of claims 1-13 for
preventing, reducing, and/or eliminating metastasis of a gastrin-associated
tumor or cancer by administering to a subject having a gastrin-associated
tumor or cancer an amount of the pharmaceutical composition of any one
of claims 1-13 sufficient to enhance the number of CD47/CD8™ Temra cells
in the subject that respond to the gastrin-associated tumor or cancer.

Use of the pharmaceutical composition of any one of claims 1-13 for
increasing the number of Temra cells in a subject that respond to a gastrin-
associated tumor or cancer.

Use of a composition comprising an immune checkpoint inhibitor and a
gastrin immunogen to treat a gastrin-associated tumor or cancer.

Use of a composition comprising an immune checkpoint inhibitor and a
gastrin immunogen for the preparation of a medicament to treat a gastrin-
associated tumor or cancer.

Use of the pharmaceutical composition of any one of claims 1-13 for
preventing, reducing, and/or eliminating metastasis of a gastrin-associated
tumor or cancer by administering to a subject having a gastrin-associated
tumor or cancer an amount of the pharmaceutical composition of any one
of claims 1-13 sufficient to enhance the number of CD8" tumor infiltrating
lymphocytes.

The use of claim 104, wherein the administering results in improves
survival of the subject, reduced tumor growth, and/or enhanced efficacy of
a chemotherapeutic agent and/or an immune checkpoint therapy in the
subject as compared to that which would have occurred had the
pharmaceutical composition not been administered.

Use of the pharmaceutical composition of any one of claims 1-13 for
preventing, reducing, and/or eliminating metastasis of a gastrin-associated
tumor or cancer by administering to a subject having a gastrin-associated

tumor or cancer an amount of the pharmaceutical composition of any one
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of claims 1-13 sufficient to reduce the number of FoxP3" inhibitory T-

regulatory cells.
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AMENDED CLAIMS
received by the International Bureau on 14 November 2018 (14.11.2018)

What is claimed is:

1. A method for sensitizing a tumor and/or a cancer associated with
gastrin signaling in a subject to an inducer of a cellular immune response directed
against the tumor and/or cancer, the method comprising administering to the
subject a composition comprising a gastrin peptide conjugated to an immunogenic

carrier via a linker.

2. The method of claim 1, wherein the gastrin peptide comprises an
amino acid sequence selected from the group consisting of SEQ ID NO: 1, SEQ
ID NO: 2, SEQ ID NO: 3 and SEQ ID NO: 4.

3. The method of claim 1, wherein the immunogenic carrier is selected
from the group consisting of diphtheria toxoid, tetanus toxoid, keyhole limpet

hemocyanin, and bovine serum albumin.

4. The method of claim 1, wherein the linker comprises a e-maleimido

caproic acid N-hydroxysuccinamide ester.

. The method of claim 4, wherein the linker and the gastrin peptide
are separated by an amino acid spacer, optionally wherein the amino acid spacer
is between 1 and 10 amino acids in length, further optionally wherein the amino

acid spacer is 7 amino acids in length.

6. The method of claim 1, wherein the composition further comprises

an adjuvant, optionally an oil-based adjuvant.

7. The method of claim 1, wherein the inducer of the cellular immune
response against the gastrin-associated tumor and/or cancer comprises an

immune checkpoint inhibitor.

8. The method of claim 7, wherein the immune checkpoint inhibitor
inhibits a biological activity of a target polypeptide selected from the group
consisting of cytotoxic T-lymphocyte antigen 4 (CTLA4), programmed cell death-1
receptor (PD-1), and programmed cell death 1 receptor ligand (PD-L1).
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9. The method of claim 8, wherein the immune checkpoint inhibitor is
selected from the group consisting of Ipilimumab, Tremelimumab, Nivolumab,
Pidilizumab, Pembrolizumab, AMP514, AUNP12, BMS-936559/MDX-1105,
Atezolizumab, MPDL3280A, RG7446, R0O5541267, MEDI4736, Avelumab and

Durvalumab.

10.  The method of claim 1, wherein the gastrin-associated tumor and/or

cancer is pancreatic cancer.

11. The method of claim 10, wherein the composition induces a
reduction in and/or prevents the development of fibrosis associated with the

pancreatic cancer.

12. The method of claim 1, wherein the composition is administered in a
dose selected from the group consisting of about 50 ug to about 1000 ug, about
50 ug to about 500 ug, about 100 ug to about 1000 pg, about 200 ug to about
1000 ug, and about 250 ug to about 500 pg, and optionally wherein the dose is
repeated once, twice, or three times, optionally wherein the second dose is
administered 1 week after the first dose and the third dose, if administered, is

administered 1 or 2 weeks after the second dose.

13. A method for preventing, reducing, and/or eliminating formation of
fibrosis associated with a tumor and/or a cancer, the method comprising
contacting the tumor and/or the cancer with a first composition comprising a
gastrin peptide conjugated to an immunogenic carrier via a linker and a second

composition comprising an immune checkpoint inhibitor.

14. The method of claim 13, wherein the gastrin peptide comprises an
amino acid sequence selected from the group consisting of EGPWLEEEEE (SEQ
ID NO: 1), EGPWLEEEE (SEQ ID NO: 2), EGPWLEEEEEAY (SEQ ID NO: 3),
and EGPWLEEEEEAYGWMDF (SEQ ID NO: 4).

15.  The method of claim 13, wherein the immunogenic carrier is
selected from the group consisting of diphtheria toxoid, tetanus toxoid, keyhole

limpet hemocyanin, and bovine serum albumin.
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16.  The method of claim 13, wherein the linker comprises a e-maleimido

caproic acid N-hydroxysuccinamide ester.

17.  The method of claim 16, wherein the linker and the gastrin peptide
are separated by an amino acid spacer, optionally wherein the amino acid spacer
is between 1 and 10 amino acids in length, further optionally wherein the amino

acid spacer is 7 amino acids in length.

18. The method of claim 13, wherein the first composition further

comprises an adjuvant, optionally an oil-based adjuvant.

19.  The method of claim 13, wherein the immune checkpoint inhibitor
inhibits a biological activity of a target polypeptide selected from the group
consisting of cytotoxic T-lymphocyte antigen 4 (CTLA4), programmed cell death-1
receptor (PD-1), and programmed cell death 1 receptor ligand (PD-L1).

20.  The method of claim 19, wherein the immune checkpoint inhibitor is
selected from the group consisting of Ipilimumab, Tremelimumab, Nivolumab,
Pidilizumab, Pembrolizumab, AMP514, AUNP12, BMS-936559/MDX-1105,
Atezolizumab, MPDL3280A, RG7446, RO5541267, MEDI4736, and Avelumab.

21.  The method of claim 13, wherein the tumor and/or cancer is

pancreatic cancer.

22. A method for increasing the number of TEMRA cells that respond to
a gastrin-associated tumor or cancer, the method comprising administering to a
subject in need thereof an effective amount of a first composition comprising a
gastrin peptide conjugated to an immunogenic carrier via a linker and a second
composition comprising an immune checkpoint inhibitor, wherein the number of

TEMRA cells that respond to the gastrin-associated tumor or cancer is increased.

23. A method for increasing the number of CD8+ tumor infiltrating
lymphocytes that respond to the gastrin-associated tumor or cancer in a subject,
the method comprising administering to the subject an effective amount of a first
composition comprising a gastrin peptide conjugated to an immunogenic carrier

via a linker and a second composition comprising an immune checkpoint inhibitor,
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whereby the number of CD8+ tumor infiltrating lymphocytes cells that respond to

the gastrin-associated tumor or cancer present in the subject is increased.

24. The method of claim 23, wherein the administering results in
improves survival of the subject, reduced tumor growth, and/or enhanced efficacy
of a chemotherapeutic agent and/or an immune checkpoint therapy in the subject
as compared to that which would have occurred had the pharmaceutical

composition not been administered.

25. A method for preventing, reducing, and/or eliminating metastasis of
a gastrin-associated tumor or cancer in a subject, the method comprising
administering to a subject having a gastrin-associated tumor or cancer an
effective amount of a first composition comprising a gastrin peptide conjugated to
an immunogenic carrier via a linker and a second composition comprising an
immune checkpoint inhibitor, wherein the effective amount is sufficient to reduce

the number of FoxP3" inhibitory T-regulatory cells in the subject.
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