wo 2017/152008 A1 |1 I} 00T OO0 O 0 A

(43) International Publication Date
8 September 2017 (08.09.2017)

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2017/152008 A1

(51

eay)

(22)

(25)
(26)
(30)

1

International Patent Classification:

A61K 39/00 (2006.01) CI2N 5/0784 (2010.01)
A61K 39/395 (2006.01) CO7K 16/30 (2006.01)
A61P 35/00 (2006.01)

International Application Number:
PCT/US2017/020589

International Filing Date:
3 March 2017 (03.03.2017)

English
English

Filing Language:
Publication Language:

Priority Data:
62/303,965 4 March 2016 (04.03.2016)

Applicant (for all designated States except US): THE
TRUSTEES OF COLUMBIA UNIVERSITY IN THE
CITY OF NEW YORK [US/US]; 412 Low Memorial
Library, 535 West 116th Street, New York, New York
10027 (US).

Us

(84)

(74

(8D

(72) Inventors; and
(71

Applicants (for US only): KALANTAROV, Gavreel
[US/US]; 2185 Lemoine Ave., Apt. 8M, Fort Lee, New
Jersey 07024 (US). TRAKHT, Ilya [US/US]; 3555 Ox-
ford Ave., Unit #4J, Bronx, New York 10463 (US).

Agents: MOLINELLI, Eugene J. et al.; P.O. Box 231,
Manassas, Virginia 20108 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, 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, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, S@G, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZIM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

[Continued on next page]

(54) Title: DEVELOPMENT OF DUAL WHOLE CELL-BASED VACCINE AGAINST PANCREATIC CANCER

FIG. 6

Kaplan-Meier analysis of the survival of mice with
grafted pancreatic cancer cells after vaccination with
DC/CC only or (DC+MPh)/CC cells

110.00

100.00 -

90.00 i

80.00

70.00 -

60.00

Y W= Therapeutic Group DC only

50.00 : wasenss Control Group

40.00 :

Therapeutic group DC+MPh

Percent survival

30.00 A

20.00 4
| termination

10.00 J/
0.00 - Y.

=)

Days

Arrows indicate injection of a vaccine:
1- day3

2 —day 10

3—day 17

4 —day 24

Mouse strain: C57BI/B6

Sex: female

Age: 6-8 weeks _

Graft: MMC13* mouse PaCa cells, 5x10°/mouse, s.c, right flank

Vaccine: autologous Dendritic cells, BM-derived, pulsed w/MMC13, 2)\]07, left flank, i.d. or
DC/MPh cells pulsed with MMC13 cancer cells, 4XH)7, left flank, i.d.

(57) Abstract: Disclosed herein is a different and novel ap-
proach to cancer vaccines using a subject's own dendritic
cells (DCs) and macrophages (Mphs) in combination to
present cancer antigens to the immune system. Further dis-
closed are methods of producing monocyte-derived auto-
logous DCs and Mphs loaded ex vivo with particular whole
irradiated cancer cells which generates optimally activated
immunostimulatory antigen-presenting cells (APCs) as a
superior method for stimulating robust and long-lasting im-
munity to a particular cancer in vivo as compared with
more traditional vaccination methods. Compositions, meth-
ods of use and methods for preparation of these DCs and
Mphs with cancer cells are also disclosed herein.



WO 2017/152008 A1 WAL 00T 00 0 0 A

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, Declarations under Rule 4.17:
TZ, UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ,RU, __ as to applicant’s entitlement to apply for and be granted
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, a patent (Rule 4.17(ii)

DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, ’

LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, — as to the applicant’s entitlement to claim the priority of
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, the earlier application (Rule 4.17(iii))

GN, GQ, GW,KM, ML, MR, NE, SN, TD, TG). Published:

—  with international search report (Art. 21(3))



WO 2017/152008 PCT/US2017/020589

DEVELOPMENT OF DUAL WHOLE CELL-BASED VACCINE
AGAINST PANCREATIC CANCER

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims benefit of Provisional Appln. 62/303,965, filed March 4,
2016, the entire contents of which are hereby incorporated by reference as if fully set forth
herein, under 35 U.S.C. §119¢e).

BACKGROUND

[0002] One cancer vaccine approach that is gaining increasing popularity is the immunization
of cancer patients with autologous, patient-derived dendritic cells (DCs) loaded with tumor
antigens ex vivo. The underlying premise of this approach is that the efficiency and control
provided by ex vivo manipulation of the DCs generates optimally activated antigen presenting
cells (APC) and a superior method for stimulating immunity in vivo as compared with more
traditional vaccination methods. Such methods include administering inactivated cancer cells,
tumor cell lysates or tumor-specific antigens alone. However, DC-based vaccines face certain
challenges. Namely, they have to be isolated in large quantities and manipulated into full
maturation through several stages. They have to be loaded effectively with tumor antigens
and conditioned towards populating germinal centers and engaging T cells in activation
mode. An important role in all these stages is played by the inflammatory response. Unlike
infectious pathogens, tumors do not induce an effective inflammatory response conducive to
optimal activation of DCs, and as a result the ensuing immune response is weak and
ineffective. The primary purpose of vaccinating individuals with cancer cells is to overcome
this deficit by channeling tumor antigens into DCs and providing the conditions for their
optimal maturation into potent immunostimulatory APCs.
[0003] Pancreatic ductal adenocarcinoma (PDA) is the fourth leading cause of death among
cancer patients in the United States. Despite significant progress in understanding the
mechanisms of this disease, PDA is still diagnosed mostly at late stage which makes the
median 5-year survival rate between 5% and 25% depending on the stage of the disease.
Surgical options are available only at very early stages of the disease and applicable to only
10-15% of newly diagnosed patients. Chemotherapy is only marginally effective as a
treatment modality while other modalities such as immunotherapy are still in their infancy.
Tumor cell-based vaccines offer a promising approach to boost the immune system and

direct it to mount a response against cancer cells.
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[0004] Given the poor prognosis of pancreatic cancer, novel therapeutic approaches are
needed to improve survival. Cancer vaccines are designed to elicit an immune response
against tumor-specific or tumor-associated antigens, encouraging the immune system to
attack cancer cells bearing these antigens. Tumor antigen identification and its translation to
immunotherapy still face many problems. Several trials of cancer cell vaccines, given alone

or with other therapies, are currently enrolling patients with pancreatic cancer.

SUMMARY OF THE INVENTION
[0005] A different and novel approach to cancer vaccines using a subject’s own dendritic
cells (DCs) and macrophages (Mphs) in combination as a dual vaccine to present cancer
antigens or fragments to the immune system has been discovered. It has now been found that
monocyte-derived autologous DCs and Mphs loaded ex vivo with particular whole irradiated
cancer cells administered to the subject generates optimally activated immunostimulatory
antigen-presenting cells (APCs) as a superior method for stimulating robust and long-lasting
immunity to the particular cancer in vivo as compared with more traditional vaccination
methods. Compositions, methods of use and methods for preparation of these DCs and Mphs
with cancer cells are also disclosed herein.
[0006] In one embodiment, the particular cancer cell is defined further as being a pancreatic
cancer cell. One option for the antigen source for loading APCs includes whole attenuated or
killed cancer cells, or a fragment, lysate or fraction thereof, preferably irradiated whole
cancer cells. The whole cancer cells may be attenuated or killed by any of a variety of known
methods. One method is the direct killing of the cell by chemical, mechanical and irradiation
methods (e.g., gamma rays and ultraviolet radiation). Yet another embodiment includes the
use or programmed cell death or apoptosis, which may also be used with embodiments of the
present invention after irradiating the cells to increase their antigenicity.
[0007] Certain embodiments include a vaccine composition comprising both dendritic cells
and macrophages loaded with attenuated or killed, whole cell cancer cells. The cancer cells
can be autologous cells isolated from the subject if surgically removal of cells or tumor tissue
is an available option, or they can come from other sources such as continuous human cell
cultures that are of the same cancer type as the cancer in the intended recipient. Generally, the
method and the composition will be formulated for administration of the isolated, loaded
antigen-presenting cells to a patient.
[0008] Another embodiment includes a method of delivering whole cancer cells or a

fragment, lysate or fraction thereof containing cancer antigen(s) to DCs and Mphs in vitro by
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contacting the DCs and Mphs with the whole cells or a fragment, lysate or fraction thereof for
a time sufficient to allow the cancer cells or a fragment, lysate or fraction thereof to be
internalized and processed for presentation on the DC/Mph cell surface. The DCs and Mphs
may be human and the cancer cells may be human cells, e.g., cell lines, cells transformed to
express a foreign cancer antigen, tumor cell lines, xenogeneic cells, or tumor cells, preferably
autologous cells from the intended recipient of the vaccine. In a specific embodiment, the
whole cancer cells are selected from the group consisting of the cell lines listed in Table 1,
infra, and combinations thereof that have been attenuated or killed, for example, by chemical
treatment, radiation, heat, cold, osmotic shock, pressure, grinding, shearing, ultrasound,
drying, freeze spraying, puncturing, starving and combinations thereof. Any of the killed or
attenuated cancer cells or cell fragments may be contacted with the DCs and Mphs for
internalization. While the skilled artisan may have to adjust the exact ratios, one example of a
common ratio of whole cancer cells to DC or Mphs is about 1:1, but can be 1:2 1:4, 1:6, 1: 8,
up to 1:10.

[0009] In further embodiment, provided is a cancer vaccine that includes cancer antigen-
loaded dendritic cells and cancer antigen-loaded macrophages each autologous to a subject
that has or is at risk of developing an identified cancer, wherein the cancer antigen-loaded
dendritic cells and cancer antigen-loaded macrophages have internalized a whole cancer cell
of the identified cancer or a fragment, lysate or fraction thereof in vitro. The cancer antigen-
loaded dendritic cells or cancer antigen-loaded macrophages, or both, are, in certain
embodiments, loaded with a full set of antigens for the identified cancer.

[0010] The whole cancer cell may be isolated from the identified cancer in the subject or
obtained from a cancer cell line of the identified cancer. The cancer antigen-loaded dendritic
cells and macrophages may be combined in a single formulation or separated into individual
formulations. Examples of an identified cancer include, but are not limited to, melanoma,
colon cancer, duodenal cancer, prostate cancer, breast cancer, ovarian cancer, ductal cancer,
hepatic cancer, pancreatic cancer, renal cancer, liver cancer, sarcoma, endometrial cancer,
testicular cancer, stomach cancer, dysplastic oral mucosa, polyposis, thyroid cancer, cervical
cancer, head and neck cancer, invasive oral cancer, non-small cell lung carcinoma, small-
cell lung cancer, mesothelioma, transitional and squamous cell urinary carcinoma, brain
cancer, neuroblastoma, or glioma.

[0011] In a specific embodiment, the cancer vaccine is administered intradermally. The
cancer antigen-loaded dendritic cells and cancer antigen-loaded macrophages may be

combined in a single formulation or provided in separate formulations. The single
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formulation may be disposed in a containment device or separate formulations are disposed
in two or more containment devices, which may optionally be used for administration.

[0012] Another embodiment pertains to a method of stimulating an immune response against
a cancer cell-specific antigen in an identified cancer in a subject at risk of having or having
the identified cancer, comprising co-administering an immunologically effective amount of
cancer antigen-loaded dendritic cells and cancer antigen-loaded macrophages, each
autologous to the subject, that have internalized a whole cancer cell of the identified cancer or
a fragment, lysate or fraction thereof in vitro.

[0013] A further embodiment pertains to a method of treating cancer in a subject that has an
identifiable cancer that involves co-administering a therapeutically effective amount of
cancer antigen-loaded dendritic cells and cancer antigen-loaded macrophages, each
autologous to the subject, that have internalized a whole cancer cell of the identified cancer or
a fragment, lysate or fraction thereof in vitro.

[0014] In another embodiment, provided is a method of inducing an immune response against
a cancer cell-specific antigen in an identified cancer in a subject having or at risk of having

the identified cancer. The method involves the following steps:

(1) culturing a first population of white blood cells isolated from the subject under a
first set of culture conditions that promote white blood cell differentiation into autologous
dendritic cells and a second population of white blood cells isolated from the subject under a

second set of conditions that promote differentiation into autologous macrophages;

(ii) isolating or obtaining cancer cells from the subject or from a cell culture of the

identified cancer type, and attenuating or killing the isolated or obtained cancer cells;

(iii) contacting the attenuated or killed cancer cells with the autologous dendritic cells
and macrophages, separately, in culture under conditions that permit the internalization of the
cancer cells thereby producing cancer antigen-loaded dendritic cells and cancer antigen-

loaded macrophages; and

(iv) co-administering the cancer antigen-loaded dendritic cells and cancer antigen-
loaded macrophages to the subject in an immunologically effective amount. The cancer
antigen-loaded dendritic cells are typically matured with one or more maturation factors prior
to administering to the patient. Maturation factors useful for this purpose include, but are not
limited to, monocyte conditioned medium, [IFNa, IL-1f, IL-6 and TNFa.

[0015] The vaccine may be administered with one or more inflammatory and/or homing
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factors. Examples of inflammatory and/or homing factors includes LPS and polyl:C, for

example.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] The following figures form part of the present specification and are included to
further demonstrate certain embodiments of the present invention. The invention may be
better understood by reference to one or more of these drawings in combination with the
detailed description of specific embodiments presented herein.
[0017] FIG. 1 is a schematic representation of a DC and whole cancer cell-based vaccine
for pancreatic cancer, according to an embodiment;
[0018] FIG. 2 is a graph illustrating prevention of pancreatic tumor grafting in vivo via
prophylactic administration of DC pulsed with irradiated MMC13 mouse pancreatic cancer
(PaCa) cells derived from metastatic lesions of pancreatic cancer in genetically engineered
mice (Kp16 mice carrying mutations in Kras oncogene and p16 protein), according to an
embodiment;
[0019] FIG. 3 is a graph illustrating elimination of pancreatic tumor grafting in vivo via
post-administration of DC pulsed with irradiated MMC13 mouse PaCa cells, according to
an embodiment;
[0020] FIG. 4A-FIG. 4D are photographs illustrating ELISPOT analysis of IFN-y producing
splenic T cells from ectopic PaCa mice where FIG. 4A represents tumor-grafted, non-
vaccinated, pulsed; FIG. 4B represents tumor-grafted, vaccinated, non-pulsed; FIG. 4C
represents tumor-grafted, non-vaccinated, non-pulsed; and FIG. 4D represents a non-
grafted control, according to an embodiment;
[0021] FIG. 5 is a graph illustrating survival of mice vaccinated with DC pulsed with
MMC13 cancer cells only or DC+Mph pulsed with MMC13 cancer cells prior to
engraftment with pancreatic tumor cells, according to an embodiment; and
[0022] FIG. 6 is a graph illustrating survival of mice with grafted pancreatic cancer cells
after vaccination with DC pulsed with MMC13 cancer cells only or DC +Mph pulsed with

MMC13 cancer cells, according to an embodiment.

DETAILED DESCRIPTION
[0023] It has now been discovered that the combination of both monocyte-derived autologous
DCs and Mphs loaded ex vivo with attenuated or killed whole cancer cells or fragment(s),
lysate or fraction thereof of an identified cancer to be targeted generates a powerful dual

vaccine that optimally activates these immunostimulatory APCs against the targeted cancer.
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For convenience, when the term “whole cancer cells” is used, it includes cancer cell
fragments, lysates or fractions; it is sometimes also expressed as whole cancer
cells/fragments. This dual vaccine provides superior delivery of a full set of the cancer
antigens for stimulating a robust and long-lasting humoral B cell and cellular T cell immune
response in vivo as compared with more traditional vaccination methods that use far fewer
antigens. Compositions, methods of use and methods for preparation of these DCs and Mphs
with whole cancer cells/fragments are disclosed herein.

[0024] The present invention differs in several respects from similar approaches to treating
cancer in general and pancreatic cancer in particular with vaccines that use DC pulsed with
one or more individual tumor-associated antigens or peptides. By contrast, loading both DCs
and Mphs with whole cancer cells provides a major advantage in that it allows for
presentation of a broad spectrum of cancer antigens via internalization of the attenuated or
killed cancer cells/fragments thereby activating the immune system against a wide range of
tumor associated antigens from the particular cancer used for inoculation. Moreover, by
engaging two major types of APCs, dendritic cells and macrophages, it is possible to cover a
wider variety of antigen-presenting functions that occur both in germinal centers and in the
peripheral capillary bed and interstitial areas to initiate a robust immune response to an
identified cancer. Targeting the entire repertoire of tumor cell antigens by loading the APC
with whole cancer cells/fragments dramatically reduces any possibility for the targeted cancer
cells to evade the immune system.

[0025] In certain embodiments, compositions and methods for inducing immunity to cancer
in a patient are provided by using isolated and purified autologous APCs (e.g., DCs and
Mphs) primed by exposure to and internalization of whole cancer cells/fragments thereof.
The APCs are preferably autologous APCs, e.g., DCs, and Mphs. Generally, the APCs are
loaded with whole cancer cells that are isolated from the patient (autologous cells) who is the
intended recipient of the vaccine, or another patient with the same type of cancer (allogeneic
cells) and/or from a cancer cell line. In certain embodiments, loading APCs typically involves
incubating either DC or DC+Mph isolated from the patient with the whole cancer cells to
form “loaded APCs;” and then maturing the isolated, loaded APCs under suitable conditions.
The APCs may be matured as described above or further with one or more maturation factors
prior to administering to the patient. The skilled artisan will recognize that the APCs may be
DCs and Mphs in various stages of maturation and the cancer cells may be internalized by the
APCs as the APCs undergo maturation in the presence of one or more cytokines.

[0026] Several stages of manipulation of the APCs occur: (i) differentiation from monocytes

6
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into DC stimulated by such factors as GM-CSF and 1L4 and into Mphs stimulated by factors
such as macrophage colony-stimulating factor (M-CSF), lipopolysaccharide (LPS) and tumor
necrosis factor alpha (TNF-a); (ii) maturation, of DC stimulated by a cocktail including for
example TNF-q, [L-1p, IL-6, [FNa and PGE; for DC; and (iii) homing for DC stimulated by
LPS and poly I:C, for example. In one embodiment, after exposure to whole cancer cells, or a
fragment, lysate or fraction thereof for a duration of time that permits their internalization by
the differentiated DCs, the cancer antigen-loaded DCs may be further matured, e.g., by
exposure to one or more maturation factors for a sufficient time to induce the maturation of
the DCs. The maturation step may include incubating DCs with at least one maturation factor
that causes DCs to mature. Maturation factors useful for this purpose include, but are not
limited to, TNFa., IL-1B, IL-6, PGE,, and IFNq.

1. Overview

[0027] Tumor cell-based vaccines offer a promising approach to boost the immune system
and direct it against cancer cells. The activation of the adaptive immune response against a
specific target remains one of the most complex and sought-after goals in immunology.
Dendritic cells and macrophages are involved in immune activation by processing and
presenting antigens on both Major Histocompatibility Complex (MHC) class I and II
molecules on their surface. A number of factors, genetic and environmental, affect the
ability of the immune response to recognize and respond to processed antigens presented by
APCs such as DCs and Mphs.

[0028] Pilot clinical trials involving DC vaccines administered to patients with non-
Hodgkin’s lymphoma or melanoma elicited some encouraging anti-tumor immune
responses and tumor regression (Timmerman and Levy, Annu Rev Med, 50:507-529,

1999). Other clinical trials of DC-based vaccinations with autologous DCs pulsed with
certain individual melanoma tumor-associated antigens have been conducted to assess the
ability of these DC vaccines to induce clinical responses in melanoma cancer patients. As
discussed in a review by Engell-Noerregaard et al. (Cancer Immunol Immunother, 58:1-14,
2009), 57 of 626 malignant melanoma patients (9%) showed an objective response when
treated with DC-based vaccinations, but no significant correlations were noted between
those objective responses and the tested parameters. Though DC-based vaccination

therapies for cancer are viewed as having great potential to elicit a strong and broad

immune attack to lessen the chance of tumor escape, this potential has not yet been

realized, and so far has been shown to provide only a weak antitumor effect (Steven et al.,

Nature Medicine 10:909-915, 2004).
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[0029] One of the problems typically associated with DC vaccines is that the administered
DCs fail to migrate to lymphoid tissue (De Vries et al., Cancer Res, 63:12-17, 2003).
Another problem with treating cancers by vaccine or immunotherapy is that the cancer
often eludes the immune response. Accordingly, proper selection, delivery and processing
of immunogenic, tumor-specific antigen targets by DCs are still key hurdles in developing
any effective DC cancer vaccine.

[0030] Efforts have been made to develop DC-based cancer vaccines that involve DCs
which have been loaded with tumor antigens in the form of peptides, proteins, tumor
lysates, and mRNAs known to be expressed by the intended target cancer. Alternatively,
DCs have been fused with target tumor cells or infected with viral vectors encoding the
targeted tumor-associated antigens. Here we describe a novel new approach to making a
dual cancer vaccine wherein (i) two different types of APCs, DCs and Mphs, are
implemented in concert, and (ii) these APCs loaded with either killed or attenuated whole
cancer cells/fragments to treat existing cancer in a subject by eliciting a strong immune
response against the identified cancer in the subject, or are used as a dual vaccine to elicita
strong immune response to vaccinate against an identified cancer. To make the new dual
vaccine, experiments were conducted targeting pancreatic cancer in a mouse model wherein
DCs and Mphs cultured separately were loaded with whole killed or attenuated pancreatic
cancer cells that provide for antigen presentation the full set of targeted tumor cell antigens
thereby optimizing the subject’s immune response to pancreatic cancer and minimizing the
possibility that pancreatic cancer cells will evade the immune system response.

[0031] The rationale behind using both DC and Mph populations as APCs is based, at least
partially, on the ground that they possess different mechanisms for invoking an immune
response such that using both cell types in a dual approach provides a complementary effect
that elicits a broader and more effective immune response that vaccination or treatment
with either DC or Mph alone.

[0032] To facilitate the understanding of this invention, a number of terms are defined
below. Terms defined herein have meanings as commonly understood by a person of
ordinary skill in the areas relevant to the present invention.

2. Definitions

[0033] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials similar or equivalent to those

described herein can be used in the practice or testing of the invention, the preferred
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methods and materials are now described. All publications mentioned herein are
incorporated herein by reference.

[0034] Generally, nomenclatures used in connection with, and techniques of, cell and tissue
culture, molecular biology, immunology, microbiology, genetics, protein, and nucleic acid
chemistry and hybridization described herein are those well-known and commonly used in
the art. The methods and techniques of the present invention are generally performed
according to conventional methods well known in the art and as described in various general
and more specific references that are cited and discussed throughout the present
specification unless otherwise indicated. See, e.g., Sambrook et al., Molecular Cloning: A
Laboratory Manual, 2d ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.
(1989); Ausubel et al., Current Protocols in Molecular Biology, Greene Publishing
Associates (1992, and Supplements to 2002); Harlow and Lan, Antibodies: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1990); Kandel,
Schwartz, and Jessell, eds., Principles of Neural Science, 4th ed., McGraw-Hill/Appleton &
Lange: New York, NY (2000). Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood by one of ordinary skill in the
art.

[0035] Terms such as “a”, “an” and “the” are not intended to refer to only a singular entity,
but include the general class of which a specific example may be used for illustration. The
terminology herein is used to describe specific embodiments of the invention, but their
usage does not delimit the invention, except as outlined in the claims.

[0036] The terms “animal,” “patient,” or “subject,” as used herein, mean any animal (e.g.,
mammals, (including, but not limited to humans, primates, dogs, cattle, cows, horses,
kangaroos, pigs, sheep, goats, cats, rabbits, rodents, and transgenic non-human animals), and
the like, which are to be the recipient of a particular treatment. Typically, the terms
“animal” “subject” and “patient” are used interchangeably herein in reference to a human
subject or a rodent. The preferred animal, patient, or subject is a human.

[0037] As used herein, the terms “antigen-presenting cells” or “APCs” are used to refer to
autologous cells that express MHC Class I and/or Class II molecules that present antigens
to T cells. Examples of APCs include, e.g., professional or non-professional antigen
processing and presenting cells. Examples of professional APCs include, e.g., B cells,
spleen cells, lymph node cells, bone-marrow derived cells, monocytes, macrophages,
dendritic cells, or non-fractionated peripheral blood mononuclear cells (PMBC). Examples

of hematopoietic APCs include dendritic cells, B cells and macrophages. One of skill in the
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art will recognize that other APCs may be useful in the invention and that the invention is
not limited to the exemplary cell types described herein.

[0038] The terms “loaded” or “loading” refer to the internalization of antigen into an APC.
The APCs may be loaded with one or more individual antigens, or more preferably
according to embodiments of the invention with whole cancer cells, and/or whole cell
lysates or fractions thereof. In one embodiment, APCs loaded with whole cancer cells are
capable of inducing an immune response that is characterized by the activation of CD4+
helper T cells, CD8+ cells, cytolytic T lymphocytes (cytolytic T cells or CTLs), and
humoral B cells that are directed against a malignancy. Of course, the skilled artisan will
recognize that other antigens may be used with the present invention and that the invention
is not limited to the exemplary, whole cancer cells, cell clones, cell lines, cell supernatants,
cell membranes, and/or antigens that are described herein.

[0039] As used herein, the terms “antigen-loaded dendritic cells” and “antigen-loaded
macrophages (Mphs) refer to DCs and Mphs that have been loaded with antigen, for
example, such as through internalization of whole cancer cells/fragments that have been
attenuated or killed (e.g., such as by irradiation with gamma rays and ultra violet rays).
Often, DCs and Mphs require a few hours, or up to a day, to process the antigen for
presentation to naive and memory T cells. In some embodiments the DCs and Mphs are
pulsed with antigen again after a day or two in order to enhance the uptake and processing
of the antigen and/or provide one or more cytokines that will change the level of maturing
of the DCs and Mphs. The antigen-loaded DCs or antigen-loaded Mphs are preferably
loaded with at least a full set of antigens (as defined below).

[0040] The term “full set” as used herein with respect to cancer antigens loaded into DCs
and Mphs refers to one or more antigens that are internalized and processed so as to present
epitope containing fragments or pieces on the antigen-loaded DCs or antigen-loaded Mphs
that are sufficient to induce a strong immune response to the target cancer cell. One of the
discoveries reported herein is that the use of whole cancer cells/fragments to load DCs and
Mphs with a full set of antigens for presentation results in an increased likelihood of
generating DCs and Mphs that induce a sufficient immune response against the target
cancer cell.

[0041] The term “an individual at risk™ or “a subject at risk,” as used herein, means one may
or may not have detectable disease, and may or may not have displayed detectable disease
prior to the treatment methods described herein. “At risk” denotes that an individual who is

determined to be more likely to develop a symptom based on conventional risk assessment
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methods or has one or more risk factors that correlate with development of cancer, such as a
genetic profile indicating presence of cancer related genes, exposure to certain
environmental hazards or lifestyle. An individual having one or more of these risk factors
has a higher probability of developing cancer than an individual without these risk factors.
Examples (i.e., categories) of risk groups are well known in the art and discussed herein.
[0042] The term “administration” as it applies to a human, mammal, mammalian subject,
animal, veterinary subject, placebo subject, research subject, experimental subject, cell,
tissue, organ, or biological fluid, refers without limitation to contact of an exogenous
ligand, reagent, placebo, small molecule, pharmaceutical agent, therapeutic agent,
diagnostic agent, or composition to the subject, cell, tissue, organ, or biological fluid, and
the like.

[0043] As used herein, the term “autologous” is meant to refer to any material derived from
the same individual to which it is later to be re-introduced into the individual. DCs or Mphs
produced from autologous monocytes are derived from autologous cells and therefore are
considered autologous.

[0044] The term “B cell” as used herein is defined as a cell derived from peripheral blood,
lymph nodes, bone marrow and/or spleen. B cells can develop into plasma cells which
produce antibodies.

[0045] The term “cancer” as used herein is defined as a hyperproliferation of cells whose
unique trait—loss of normal control— results in unregulated growth, lack of differentiation,
local tissue invasion, and/or metastasis. Examples include but are not limited to,
melanoma, colon cancer, duodenal cancer, prostate cancer, breast cancer, ovarian cancer,
ductal cancer, hepatic cancer, pancreatic cancer, liver cancer, sarcoma, renal cancer,
endometrial cancer, testicular cancer, stomach cancer, dysplastic oral mucosa, polyposis,
thyroid cancer, cervical cancer, head and neck cancer, invasive oral cancer, non-small

cell lung carcinoma, small-cell lung cancer, mesothelioma, transitional and squamous cell
urinary carcinoma, brain cancer, neuroblastoma, and glioma.

[0046] As used herein, the term “cancer cell” refers to a cell that exhibits an abnormal
morphological or proliferative phenotype. The cancer cell may form part of a tumor, in
which case it may be defined as a tumor cell. In this context, the term “tumor” as used
herein means a malignant hypertrophy of tissues constituting certain organs or lumps and
aggregates of cancer cells growing within these tissues, organs, or body cavities (e.g., the
peritoneum or chest). In vitro, cancer cells are characterized by anchorage independent cell

growth, loss of contact inhibition and the like, as is known to the skilled artisan. As
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compared to normal cells, cancer cells may demonstrate abnormal new growth of tissue,
e.g., a solid tumor or cells that invade surrounding tissue and metastasize to other body
sites. A tumor or cancer “cell line” is generally used to describe those cells that are
immortal and that may be grown in vitro. A primary cell is often used to describe a cell that
is in primary culture, that is, it is freshly isolated from a patient, tissue or tumor. A cell
clone will generally be used to describe a cell that has been isolated or cloned from a single
cell and may or may not have been passed in in vitro culture. The term “whole cancer cell”
as used herein for internalization by DC and Mph includes fragments, lysates and fractions
of the cancer cells.

[0047] As used herein, the term “cancer antigen” refers to antigen that is presented on the
surface of cancer cells and may be specific, associated or over-expressed on such cancer
cells. APC loaded with cancer antigen process the antigen and present on their surface
pieces and/or fragments of the cancer antigen which include epitopes of the cancer antigen.
The term “tumor antigen” is used interchangeably with cancer antigen.

[0048] The term “attenuated” as used herein in relation to treatment of whole cancer cells
used for loading into APCs refers to any treatment that disrupts or weakens the treated
cells. Attenuated cells may have a halt or reduction in cell division or decrease in any
cellular metabolic processes needed to thrive.

[0049] As used herein, the terms “contacted” and “pulsed” and "exposed"”, when used in
reference to a whole cancer cell or one or more antigens and APCs, are used herein to
describe the process by which an antigen or whole cell is placed in direct contact with the
APC such that the whole cancer cell or one or more antigens is internalized into the APC.
Accordingly, the term “pulsed” is commonly used to describe the manner in which APCs
are loaded. To achieve antigen presentation by the APC, the antigen is provided in an
amount effective to "prime" the APCs to express antigen-bound MHC class I and/or class 11
molecules on the cell surface.

[0050] The term “co-administration” or “co-administering” as used herein refers to the
administration of antigen-loaded dendritic cell(s) before, concurrently, or after the
administration of antigen-loaded macrophage(s) such that the biological effects of either
overlap.

[0051] As used herein, the terms “dendritic cell” or “DC” refer to all DCs useful in the
present invention, that is, DCs in various stages of differentiation, maturation and/or
activation. DCs may be derived from the subject (mostly from the peripheral blood) for

which vaccine administration is intended. DCs may be used for either autologous or
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allogeneic application.

[0052] As used herein, the terms “macrophage” or “Mph” refer to all Mphs useful in the
present invention, that is, Mphs in various stages of differentiation, maturation and/or
activation. In one embodiment of the present invention, the Mphs are derived from the
subject intended for vaccine administration because these cells are of autologous origin.
However, in certain embodiments, the Mphs are derived from subjects intended for
therapeutic vaccine administration and from healthy individuals, who are intended for
preventive or prophylactic vaccine administration. In yet another embodiment, Mphs are
used for either autologous or allogeneic application.

[0053] As used herein, the term “effective amount™ refers to a quantity of antigen-loaded
DCs and/or antigen-loaded macrophages that is sufficient to produce an intended biological
effect.

[0054] As used herein, the term “immunologically effective amount” refers to an amount of
antigen-loaded APCs that elicit a change in the immune response of a recipient against the
antigen presented by the loaded APCs. The amount of antigen-loaded APCs inserted or
reinserted into the patient will vary between individuals depending on many factors. For
example, different doses may be required for an effective immune response in a human
with a primary tumor or a metastatic spread.

[0055] As used herein, the term ““irradiated,” in the context of irradiating cancer cells for
the present disclosure, is typically application of gamma-irradiation to the cancer cells, but
also encompasses irradiation by x-rays, electrons, neutrons, protons, electromagnetic
irradiation, visible light, ultraviolet light, and so on. In one aspect, the irradiation functions
to prevent cell division of the cancer cells. In another aspect, the irradiation prevents cell
division, but also denatures cellular proteins.

[0056] The term “kit” as used herein means any manufacture (e.g., a package or container)
comprising at least one reagent, e.g., a dual DC + Mph whole cancer cell vaccine for
treatment of cancer or a set of components to make such a vaccine. In certain embodiments,
the manufacture may be promoted, distributed, or sold as a unit for performing the methods
of the present invention.

[0057] The term “T cell” as used herein is defined as a thymus-derived cell that participates
in cell-mediated immune reactions.

[0058] As used herein, the phrase “therapeutically effective amount” refers to the amount
of antigen-loaded APCs that, when administered to an animal subject, is effective to kill,

eliminate, or reduce cancer cells within the subject. The methods and compositions of the
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present invention are suitable for killing or reducing cancer cells both in vitro and in vivo.

[0059] As used herein, the term “vaccine” refers to compositions that affect the course of

the disease by causing an effect on cells of the adaptive immune response, namely, B cells
and/or T cells. The effect of vaccines can include, for example, induction of cell-mediated
immunity or alteration of the response of the T cell to its antigen. Vaccine can be used for
therapeutic administration or prophylactic administration.

3. Summary of Experimental Results and Embodiments of the Invention

[0060] The following is a summary of results of experiments described in the Examples and
Detailed Description of Embodiments in this application.

e Pancreatic tumor grafting was prevented in vivo via administration of prophylactic
autologous DCs pulsed with irradiated pancreatic cancer cells versus a control
group;

e Pancreatic tumor grafts were eliminated in vivo post-administration of autologous
DC pulsed with irradiated pancreatic cancer cells versus a control group;

¢ Anincrease in IFN-y-secreting T-lymphocytes was seen in tumor-grafted mice that
received vaccine including autologous DCs and Mphs pulsed with irradiated
pancreatic cancer cells in comparison to non-vaccinated mice;

e Mice vaccinated with autologous DCs pulsed with irradiated pancreatic cancer cells
only or with DCs + Mphs pulsed with pancreatic cancer cells prior to pancreatic
tumor engraftment had higher survival rates compared with control; and

e Mice vaccinated with autologous DCs pulsed with irradiated pancreatic cancer cells
or with DCs + Mphs pulsed with irradiated pancreatic cancer cells, after pancreatic
tumor engraftment, had higher survival rates compared with control.

[0061] In the present specification, the invention has been described with reference to
specific embodiments thereof. It will, however, be evident that various modifications and
changes may be made thereto without departing from the broader spirit and scope of the
invention. The specification and drawings are, accordingly, to be regarded in an illustrative
rather than a restrictive sense. The contents of all references, pending patent applications
and published patents, cited throughout this application (including reference lists) are hereby
expressly incorporated by reference as if set forth herein in their entirety, except where
terminology is not consistent with the definitions herein. Although specific terms are

employed, they are used as in the art unless otherwise indicated.
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4. Detailed Description of Embodiments

Methods of Preparing Dual Whole-Cell Vaccines Comprising Mphs and DCs

[0062] According to certain preferred embodiments, (i) autologous DCs and Mphs are
extracted from a cancer patient who is the intended recipient of the vaccine, or alternatively,
DCs and Mphs are generated from an extracted cell population from the intended recipient
such as mononuclear leukocytes, (ii) each APC type (DC and Mph) is separately cultured and
loaded with a full set of target cancer antigens via internalizing attenuated or killed whole
cancer cells of the identified cancer or fragments, lysate or fraction thereof in vitro, and (iii)
DCs are then matured by administering unique activation signals to permit the DC to mature
before administration as a dual vaccine to the subject. Isolated macrophages, or macrophages
differentiated from white blood cells, do not typically require further maturation. This ex vivo
preparation ensures proper DC and Mph activation removed from the influence of the tumor
environment or the immune-compromised cancer subject. When returned to the subject, the
DCs and Mphs provide a dual vaccine that can then interact with B cells and T cells and
initiate powerful anti-tumor immunity thereby inducing an immune response in subjects at
risk of having cancer or treating existing cancer identified in the subject.

[0063] Accordingly, dual vaccine embodiments are typically autologous DCs and Mphs that
are “pulsed” with attenuated or killed whole cancer cells (e.g. whole pancreatic cancer cells)
ex vivo to permit cancer cell internalization, and, in the case of cancer antigen-loaded DCs,
matured prior to administration to the subject. A person skilled in the art would also readily
understand that an APC can be “pulsed” in a manner that exposes the APC to a whole cancer
cell or cancer cell fragment for a time and under conditions sufficient to permit
internalization of the cancer cell and presentation of the full set of cancer antigen fragments
and epitopes on the surface of the APC.

[0064] In the case where the APC are pulsed in vitro, they can be plated on a culture dish and
exposed to whole cancer cells, or fragments, lysates or fractions thereof and/or a selected
group of individual antigens to be targeted by the immune system in a sufficient amount and
for a sufficient period of time under conditions that allow the cells, cell fragments and/or
antigens to be internalized into the APC and for the cancer antigen fragments and epitopes to
be presented on its surface. The amount and time necessary to achieve internalization and
surface presentation of the antigens to the APC may be determined by using methods known
in the art or otherwise disclosed herein. Other methods known to those of skill in the art, for
example immunoassays or binding assays, may be used to detect the presence of antigen on

the APC following exposure to the antigen.
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[0065] In certain embodiments, whole cancer cells are killed before loading into APCs. Cells
can be killed by one of several methods, such as chemical killing using, e.g., betulinic acid,
paclitaxel, camptothecin, ellipticine, mithramycin A, etoposide, vinblastine, vincristine,
ionomycin and combinations thereof. Any of a number of methods or agents may be used to
kill the whole cancer cells that serve as the antigen of the present invention, e.g., any or a
wide variety of radiations (gamma, ultraviolet, microwaves, ultrasound, etc.), heat, cold,
osmotic shock, pressure, grinding, shearing, drying, freeze spraying, freeze-drying, vacuum
drying, puncturing, starving and combinations thereof. Another type of cell killing or death
is referred to commonly as “apoptosis,” which involves the activation of intracellular
proteases and nucleases that lead to, for example, cell nucleus involution and nuclear DNA
fragmentation. An understanding of the precise mechanisms by which various intracellular
molecules interact to achieve cell death is not necessary for practicing the present invention.
[0066] The dual vaccine design provided in certain embodiments includes a subject’s own
(i.e. autologous) DCs and Mphs generated, for example, from white blood cells (WBCs)
obtained from peripheral blood through a procedure called leukapheresis. During this
procedure, the blood is pumped through a machine which separates red blood cells (RBCs)
and WBCs. While RBCs are returned to a patient, the bulk of WBCs is collected and placed
in cell culture dishes. The procedure is harmless to a patient since the depleted WBCs are
quickly restored by the development of new WBCs in bone marrow.

[0067] WBCs in culture dishes are separated in two groups. One group is treated with
cytokines and other factors which promote WBC differentiation into DCs, while a second
group is treated with cytokines and factors promoting differentiation into Mphs. DCs and
Mphs will typically be of autologous origin, i.e. originate from a subject who is considered
for treatment or a subject who is in a high risk group for developing cancer and therefore
being a candidate for preventive administration of a dual vaccine. Pancreatic cancer cells can
be either isolated from the same patient (if surgically removed cancer cells or tumor tissue are
available) or from other sources such as continuous human cell lines. The pancreatic cancer
cells may be irradiated by gamma rays at levels in a range of from 150-200 Gy which makes
them incapable to propagate and by UV which triggers apoptosis. Following this treatment
the cancer cells are exposed to differentiated DCs and macrophages in culture.

[0068] In certain embodiments, allogeneic APCs may be used to induce the
immunocompetence in a subject’s immune cells. It is possible and may even be beneficial in
certain cases, however, the histocompatibility and HLA match between MHC-I of donor’s

APC cells and TCR of recipient’s T cells is highly desirable. Therefore, the use of autologous
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APC is a preferred embodiment. On the other hand, cancer cells may be autologous,

allogeneic or even from established cell lines.

[0069] In certain embodiments, the risk of inducing an autoimmune response because of the

presence of normal cells in an autologous sample of cancer cells used for loading is no higher

than the risk of using cancer cells where no normal cells are present. This is because cancer

cells express many antigens that are present on normal cells as well. Therefore, the risk of

autoimmunity depends more on the dosing and timelines and also on the state of Tregs in a

vaccinated person. The existing data show no indication that the significant autoimmune

response can be induced by administering normal cells, normal antigens or APCs loaded with

such. It can be explained most likely by the lack of presence of competent T cells which are

mostly eliminated through clonal selection during neonatal stage.

Table 1. Cancer Cell lines For Loading APCs

Cell Line name | Species Tissue origin Cell type Disease
CFPAC-1 Homo sapiens | Pancreas/liver Epithelial Ductal
metastases adenocarcinoma,
cystic fibrosis
Capan-2 Homo sapiens | pancreas Mixed adenocarcinoma
MIA-PaCa-2 Homo sapiens | pancreas Epithelial-like carcinoma
BxPC3 Homo sapiens | pancreas Epithelial-like adenocarcinoma
Hs766t Homo sapiens | Pancreas/lymph | Epithelial Pancreatic
node carcinoma
Panc 03.27 Homo sapiens | pancreas Epithelial adenocarcinoma
Panc 02.13 Homo sapiens | pancreas Epithelial adenocarcinoma
Panc 10.05 Homo sapiens | pancreas Epithelial adenocarcinoma
Panc 10.05- | Homo sapiens | pancreas Epithelial adenocarcinoma
GMCSF
(GVAX)
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Panc 05.04 Homo sapiens | pancreas Epithelial adenocarcinoma

HPAC Homo sapiens | pancreas Epithelial adenocarcinoma

HPAF-II Homo sapiens | pancreas Epithelial adenocarcinoma

PANC-1 Homo sapiens | Pancreas/duct Epithelial-like Epithelioid
carcinoma

PLA45 Homo sapiens | pancreas Epithelial Ductal
adenocarcinoma

UACC-462 Homo sapiens | pancreas Epithelial-like carcinoma

PANC 04.03 Homo sapiens | pancreas Epithelial adenocarcinoma

[0070] The maturation of DCs and Mphs is induced ex vivo by using appropriate growth and
maturation factors in appropriate cell culture conditions or irn vivo in conjunction with
adjuvants that have been used to pretreat the cite of introduction into the subject.
Theoretically, DCs and Mphs can be matured in vivo, but as mentioned above, DC
maturation is only one of three important stages which are differentiation, maturation and
homing. In vivo differentiation may be induced by injecting GM-CSF alone with the vaccine
(not necessarily DC-based vaccine, but rather cancer cells alone, cancer cells lysates, proteins
or peptides). Embodiments disclosed herein involve differentiation and maturation in vitro
and homing of endogenous and administered DC in vivo. In a specific alternative
embodiment, mature antigen-loaded APCs are administered in vivo and optionally
administered in the presence of ligands for homing receptors, such as LPS and poly [:C. DCs
and Mphs are able to recruit and interact with CD4+ T cells locally and activate both humoral
(B cell) and cellular (CD8+ T cell) immune response against full set of target cancer antigens
presented on their surface thereby targeting the cells.

Mouse pancreatic cancer model

[0071] A mouse model of metastatic pancreatic cancer has been developed which can be
easily monitored using serological assay. The mouse pancreatic cell lines that produce tumors
in fully immunocompetent mice were transfected with His(6)-tagged mouse serum albumin
(rMSA-His) readily secreted non-immunogenic protein. Such cells while preserving their
tumorogenicity were secreting rMSA-His into mouse blood. Thus by testing the levels of

MSA-His-6 in mouse serum it is possible to monitor the tumor dynamics without being
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dependent on visualization methods (Ultrasound, CT scan or, MRI) or a need to sacrifice the
mouse. The cells can be inoculated i.v. or i.p. and allowed for their spread in the body
generating metastases. Such model is more relevant to clinical picture in humans and
eliminates the need of subcutaneous implantation of tumor cells. This described model
presents a good opportunity for testing vaccine embodiments by simple serological testing,
since the levels of MSA-His-6 reflect the total tumor burden. The dual vaccine described can
1 be evaluated using metastatic model and serological testing of tumor dynamics.

[0072] Monocytes are mononuclear leukocytes that are generated in bone marrow from
myeloblast progenitors. These cells enter peripheral blood circulation and eventually migrate
into tissues. Upon migrating to tissues, monocytes differentiate and mature and become
specific cells that play important roles in the innate and adaptive immune systems,
specifically they serve as precursor cells to macrophages and dendritic cells. Both Mphs and
DCs are antigen-presenting cells that function by endo/phagocytosing, processing and
presenting antigens to stimulate T cell activity.

[0073] As contemplated herein, embodiments involve use of whole cancer cells, or
fragments, lysates or fractions thereof for loading into an APC to elicit an immune response
against an identified (target) cancer. In alternative embodiments, individual tumor antigens
(e.g. mesothelin) or antigenic tumor peptides or fragments of the foregoing may be used.
Tumor antigens can be divided into two broad categories; shared tumor antigens; and unique
tumor antigens. Shared antigens are expressed by many tumors, while unique tumor antigens
can result from mutations induced through physical or chemical carcinogens, and are
therefore expressed only by individual tumors. In certain embodiments, shared tumor
antigens are loaded into the DCs and Mphs of the present invention. In other embodiments,
unique tumor antigens are loaded into the DCs and Mphs of the present invention.

[0074] In the context of the present invention, “tumor antigen” (term used interchangeably
with cancer antigen) refer to antigens that are common to specific hyperproliferative
disorders. In certain aspects, the hyperproliferative disorder antigens of the present invention
are derived from cancers, including but not limited to thymoma, sarcoma, liver cancer,
melanoma, colon cancer, duodenal cancer, prostate cancer, breast cancer, ovarian cancer,
ductal cancer, hepatic cancer, pancreatic cancer, renal cancer, endometrial cancer, testicular
cancer, stomach cancer, dysplastic oral mucosa, polyposis, thyroid cancer, cervical cancer,
head and neck cancer, invasive oral cancer, non-small cell lung carcinoma, small-

cell lung cancer, mesothelioma, transitional and squamous cell urinary carcinoma, brain

cancer, neuroblastoma, or glioma.
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[0075] The tumor antigens and the antigenic cancer peptides thereof may be purified and
isolated from natural sources such as from primary clinical isolates, cell lines and the like.
The cancer peptides and their antigenic epitopes may also be obtained by chemical synthesis
or by recombinant DNA techniques known in the arts. Techniques for chemical synthesis are
described in Steward et al. (1969); Bodansky et al. (1976); Meienhofer (1983); and Schroder
et al. (1965). Furthermore, as described in Renkvist et al. (2001), there are numerous antigens
known in the art. Although analogs or artificially modified epitopes are not specifically
described, a skilled artisan recognizes how to obtain or generate them by standard means in
the art. Other antigens, identified by antibodies and as detected by the SEREX technology
(see Sahin et al. (1997) and Chen et al. (2000)), are identified in the database of the Ludwig
Institute for Cancer Research.

A. Macrophages
[0076] Current immunotherapies are primarily aimed at initiating or boosting T cell responses
to tumors and their antigens. However, it is now also being increasingly realized that an
immunosuppressive environment exists within tumors, induced by both cancer and immune
cells, which inhibits the effect of cytotoxic T lymphocytes. As the effectiveness of
immunotherapy may be limited by systemic and local tumor-induced immunosuppression, it
has been realized that a second agent may be beneficial to alter the tumor microenvironment
and/or decrease immune suppression.
[0077] Large phagocytic cells known as macrophages (Mphs) are found in stationary form in
the tissues or as a mobile white blood cell, can serve in such a role. Mphs (and their
precursors, monocytes) are the “big eaters” of the immune system. Mphs have been shown to
eliminate malignant cells through the production of soluble factors (e.g., nitric oxide and
TNFa) that can induce tumor cell apoptosis. Mphs can also eliminate cancer tumor cells
through phagocytosis, based on their recognition of certain beacon molecules present on
tumor cells. These cells reside in every tissue of the body, albeit in different guises where
they engulf apoptotic cells and pathogens and produce immune effector molecules.
[0078] Mphs constitute a dominant fraction of the population of immune cells that infiltrate
developing tumors. Recruited by tumor-derived signals, tumor-infiltrating macrophages are
key orchestrators of a microenvironment that supports tumor progression. However, the
phenotype of macrophages is pliable. It is reported herein that, if instructed properly, Mphs
can mediate robust antitumor functions through their ability to eliminate malignant cells.
Mphs are attractive targets for cancer immunotherapy because of their unique ability to

regulate key elements of oncogenesis and tumor progression, including cancer cell viability
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and invasiveness, angiogenesis, and fibrosis. Because the activity of macrophages is
dependent on microenvironmental signals, it is likely that many anticancer therapies that are
designed to target malignant cells also impact the biology of macrophages.
[0079] For example, Mphs can reduce tumor-associated fibrosis, which is a key barrier
against the delivery of chemotherapy. Thus, providing Mphs with anti-fibrotic properties may
hold promise for facilitating the delivery of chemotherapy to neoplastic lesions. Because
Mphs can rapidly debulk tumors, they may also be useful in downsizing tumors that were
initially considered borderline for surgical resection. In addition, blocking CD47-SIRPa
signaling may prime Mphs for enhancing antibody-based immunotherapies, as it facilitates
the Fc receptor-mediated phagocytosis of antibody-coated cancer cells. Finally, shifting the
phenotype of tumor-promoting Mphs may reverse many of the immunosuppressive
mechanisms established within the tumor microenvironment and thus enhance the efficacy of
T cell-based therapeutic approaches.

B. Dendritic Cells
[0080] DCs are white blood cells that acquire protein antigens from microbes or even
cancerous cells and show, or "present” these antigens to T cells. The T cells, thus activated by
the DCs, then initiate systemic immune responses to challenge the threat. DCs belong to the
bone marrow-derived cell lineage, are present throughout the body in multiple tissues, and
function as the central part of the mammalian immune system. Their main function is to
process antigen material and present it on their surface to other cells of the immune system.
Thus, DCs function as APCs, and they do so more efficiently than any other type of APC.
DCs also act as messengers between innate and adaptive immunity, through a range of cell
surface receptors that capture microbes and trigger information which is then transmitted to
lymphocytes and cells of the innate immune system.
[0081] DCs are present in tissues that are in direct contact with the external environment,
such as the skin (where there is a specialized dendritic cell type called Langerhans cells) and
the inner lining of the nose, lungs, stomach and intestines. They can also be found in an
immature state (iDC) in the blood. Once activated, they acquire the capacity to home or
migrate to the lymph nodes where they interact with B cells and T cells to initiate and shape
the adaptive immune response. At certain development stages, they grow branched
projections, the dendrites, which give the cell its name.
[0082] In certain embodiments, DCs are derived from hematopoietic bone marrow progenitor
cells, and these progenitor cells initially transform into iDCs. iDCs can be generated from

monocytes, white blood cells which circulate in the body and, depending on the right signal,
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can turn into either DCs or Mphs. Monocytes are formed from stem cells in the bone marrow.
In certain embodiments, monocyte-derived DCs can be generated in vitro from peripheral
blood mononuclear cells (PBMCs). Plating of PBMC:s in a tissue culture flask permits
adherence of monocytes. Treatment of these monocytes with interleukin 4 (IL-4) and
granulocyte-macrophage colony stimulating factor (GM-CSF) leads to differentiation to iDC
in about a week. Subsequent treatment with tumor necrosis factor (TNF) further differentiates
the iDC into mature DCs.

[0083] In other embodiments, methods used to generate DCs and Mphs may include culturing
CD14+ monocytes in serum-free media in the presence of GM-CSF and IL-4. After a period
of time (e.g., 5-7 days) in culture, the monocytes differentiated into iDC, which lose CD14
expression and express moderate to low levels of CD40 and the costimulatory ligands B7-1
and B7-2. These immature cells are characterized by high endocytic activity, in keeping with
their efficient capture of antigens, and in this stage, their ability to activate T cells is still
poor. This coincides with low expression of co-stimulatory molecules and limited ability to
secrete certain cytokines. Immature dendritic cells constantly sample the surrounding
environment for pathogens such as viruses and bacteria. This is done through pattern
recognition receptors (PRRs) such as the TLRs. TLRs recognize specific chemical signatures
found on subsets of pathogens and tumor tissue. Immature dendritic cells may also
phagocytose small quantities of membrane from live cells.

[0084] Once they have come into contact with antigens or antigen source presented by the
environment (such as microbes or tumor cells), immature dendritic cells are triggered to
differentiate into mature dendritic cells and begin to migrate to the lymph nodes. In certain
embodiments, DC maturation is accomplished by culturing the immature DCs for an
additional 24-48 hours in the presence of several biological agents, including but not limited
to, TNF, IL-6, IL-1p, and PGE,. Immature dendritic cells phagocytose pathogens and degrade
their proteins into small pieces, and upon maturation present those fragments at their cell
surface using MHC molecules.

[0085] Simultaneously, the DCs up-regulate cell-surface receptors that act as co- receptors in
T cell activation such as CD83, CD40 and others, thus greatly enhancing their ability to
activate T cells. In certain embodiments, mature DCs further upregulate CD40, B7-1, and B7-
2 and induce the de novo expression of the lymph node homing receptor CC chemokine
receptor 7 (CCR7). In addition, they up-regulate, a chemotactic receptor that induces the DC
to travel through the blood stream to the spleen or through the lymphatic system to lymph

nodes. Here they act as antigen-presenting cells: they activate helper T cells and killer T cells
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as well as B cells by presenting them with antigens derived from pathogens or tumors,
alongside non-antigen specific co-stimulatory signals.

[0086] Every T cell is specific to one particular antigenic peptide presented in MHC class I or
IT molecules, through receptors that are clonally expressed and are termed T cell receptors
(TCRs). Only dendritic cells are able to activate resting naive T cells when the matching
antigen-MHC complex is presented to their particular TCR. Other antigen-presenting cell
types, such as macrophages and B cells, do not have the ability to trigger native resting T
cells, and can only activate memory T cell. Because dendritic cells can activate both memory
and naive T cells, they are often referred to as professional antigen-presenting cells, and they
are the most potent of all the antigen-presenting cells.

[0087] DCs are constantly in communication with other cells in the body. This
communication can take the form of direct cell-to-cell contact based on the interaction of
cell-surface proteins. An example of this includes the interaction of the membrane proteins of
the B7 family of dendritic cells, CD80 (B7.1) and CD86 (B7.2), with CD28 and CTLA4 on T
cells. In addition, cellular communication of DC with their environment takes place over a
distance via cytokines. For example, stimulating dendritic cells in vitro with microbial
extracts causes the dendritic cells to rapidly begin producing IL-12. IL.-12 is a signal that
helps send naive CD4 T cells towards a Th1 phenotype. The ultimate consequence is priming
and activation of the immune system for attack against the antigens which the dendritic cell
presents on its surface.

[0088] DCs useful in the present invention include DCs at various differentiation stages
(precursors, iDCs and mature DCs), DCs derived from blood precursors including but not
limited to monocytes, dendritic cells derived from CD34-hematopoietic progenitor cells,
subsets of DCs such as Langerhans cells, interstitial DCs and lymphoid DCs. In one
embodiment, the DCs are monocyte derived dendritic cells (MDDCs), of human origin.

Dual DC/Mph Vaccine Administration and Dosage

[0089] Any vaccination regimen may be followed for use with the present invention,
however, the following exemplary regimes have been used to great effect as will be known to
those of skill in the art. One or more vaccination may be preceded or followed by the
administration of additional whole cancer cell-pulsed APC by intervals ranging from seconds
to hours to days to even weeks. In one embodiment, the whole cell-pulsed APCs and one or
more lymphokines and/or cytokines are administered separately to the patient. Often, a

significant period of time (1, 2, 3 or 4 weeks) is selected between the time of each
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immunization, such that the combination and/or overlap of two antigen-pulsed APCs exerts
an advantageous effect on the recipient.

[0090] The frequency of vaccine administration may be individualized based on evaluating
blood immune responses after the first vaccination. The presence of immune responses at
such an early stage identifies patients that require less frequent vaccination, for example on a
monthly basis. The absence of immune responses at this stage identifies patients that require
more frequent vaccination, for example every other week. In the present invention, patients
should be vaccinated for a life-time or until regression of malignancy. Similar protocol would
be followed for prophylactic treatment. In the present invention, the comprehensive
evaluation of elicited immunity against tumor antigens can be determined by any method
known in the art.

[0091] Effective tumor killing may be measured before, during and/or after the initiation of
the vaccination regimen. To achieve tumor cell killing, the whole cancer cell-loaded APCs
are delivered to a patient in a combined amount effective to kill the tumor cells. These
treatment cycles can be repeated multiple times, or delivered only once. The skilled artisan is
aware that various factors are well known to influence patient response to vaccination,
including, e.g., species, age, weight, gender, health, pregnancy, addictions, allergies, ethnic
origin, prior medical conditions, current medical condition, treatment with anti-
inflammatories, surgery, chemotherapy, radiotherapy and length of treatment. Thus, the
skilled artisan understands the need to individualize dosage(s) to each patient and the various
parameters that may easily be varied to achieve the optimal immune response, whether its
cell killing (e.g., against cancer) or the reduction of an untoward immune response (e.g.,
cachexia) The skilled artisan may also consider the condition that is to be treated prior to
selecting the appropriate dosage. For example, a vaccination dosage that is appropriate for the
treatment of a cancer may not be the desired dosage for subsequent surveillance therapy
designed to prevent the recurrence of the cancer.

[0092] The dual-loaded APC vaccine approach may be used in conjunction or as part of a
course of treatment that may also include one or more conventional cancer therapeutic
treatments, including but not limited to, administration of chemotherapeutic agents, radiation
therapy, hormone therapy, surgery and the like. It can also be combined with other
immunotherapeutic modalities such as check-point inhibitors. For example, the skilled artisan
will recognize that the present invention may be used in conjunction with therapeutically
effective amount of pharmaceutical composition such a DNA damaging compound, such as,

Adriamycin, 5-fluorouracil, etoposide, camptothecin, actinomycin-D, mitomycin C, cisplatin
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and the like. However, the present invention includes live cells that are going to activate other
immune cells that may be affected by the DNA damaging agent. As such, any chemical
and/or other course of treatment will generally be timed to maximize the adaptive immune
response while at the same time aiding to kill as many cancer cells as possible.

[0093] The compositions and methods of use of the present invention are further illustrated in
detail in the examples provided below, but these examples are not to be construed to limit the
scope of the invention in any way. While these examples describe the invention, it is
understood that modifications to the compositions and methods are well within the skill of
one in the art, and such modifications are considered within the scope of the invention.
[0094] Administration frequency can be, e.g., once per week, twice per week, once every two
weeks, once every three weeks, once every four weeks, once per month, once every two
months, once every three months, once every four months, once every five months, once
every six months, and so on. The total number of days where administration occurs can be
one day, on 2 days,oron 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 days,
and so on. It is understood that any given administration might involve two or more injections
on the same day. In one aspect, the disclosure involves loading dendritic cells with whole
tumor cells, where at least 10%, where at least 20%, at least 30%, at least 40%, at least 50%,
at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, or at least 99%, of the
whole cancer cell that is loaded into the dendritic cells resides in whole tumor cells.

[0095] In non-limiting embodiments, the dual whole cell-based vaccine is held in a flask, in a
vial, in a bottle, in a syringe, in a catheter, in a cannula, and so on. For administration, at least
20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least
90%, at least 95%, at least 99%, of the DCs in combination with Mphs that are administered
are mature DCs and Mphs. Each dose may comprise about 10 x 10’ DCs and Mphs, 20 x 10°
cells, 50 x 10° cells, 100 x 10° cells, 200 x 10° cells, 500 x 10° cells, 1 x 10° cells, 2 x 10°
cells, 20 x 10° cells, 50 x 10° cells, 100 x 10° cells, 200 x 10°, 500 x 10°, 1 x 10° cells, 2 x 10°
cells, 5 x 10” cells, and 10 x 10 cells.

[0096] The antigen-loaded APCs may be administered subcutaneously, intracutaneously,
intradermally, intravenously, intraarterially, intratumorally, parenterally, intraperitoneally,
intramuscularly, intraocularly, intraosseally, epidurally, intradurally, and the like. Often, the
most common routes of vaccination are subcutaneous (SC), intradermal (ID), intravenous
(IV), intratumoral (IT) and intraperitoneal (IP). For DC/Mph-based vaccines intradermal
injection is the most effective. The dermal layer of skin is rich in iDC, macrophages and T

cells, therefore administering in vitro preconditioned APCs along with homing receptor
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ligands intradermally allows for additional recruitment of endogenous iDCs (Langerghans
cells) and activation local Mphs and T cells. Such recruitment is also facilitated by the
presence of inactivated cancer cells and their fragments in the vaccine composition, because
during exposure of cancer cells to APCs, not all of them are engulfed and processed. Local
inflammation causes local immunostimulation which later develops into a systemic immune
response. This is much less likely to happen at intramuscular or even subcutaneous injection.
To the extent that the vaccines are compatible with buffers and/or pharmacologically
acceptable salts these can be prepared in aqueous solution suitably mixed with one or more
additives. Under ordinary conditions of storage and use, these preparations may include
limited amounts of a preservative and/or an antibiotic to prevent the growth of
microorganisms.

[0097] The pharmaceutical forms suitable for injectable use include sterile aqueous solutions
or dispersions. In all cases the form must be sterile and must be fluid. The storage conditions,
if any, must be compatible with the delivery of stable DCs and Mphs under the conditions of
manufacture and storage and must be preserved against the contaminating action of
microorganisms, such as bacteria and fungi. In most cases, it may be common to include one
or isotonic agents, for example, sugars or sodium chloride.

[0098] Sterile injectable solutions are prepared by incorporating the active compounds in the
required amount in the appropriate solvent with various other ingredients enumerated above
that may have been, e.g., filtered sterilization. Generally, dispersions are prepared by
incorporating the various sterilized active ingredients into a sterile vehicle that includes a
basic dispersion medium and the required other ingredients from those enumerated above. In
the case of sterile powders for the preparation of antigens, the antigens may be pre-prepared
and vacuum-dried, freeze-dried and/or freeze-sprayed to yield a powder of the active
ingredient plus any additional desired ingredient from a previously sterile-filtered solution
thereof.

[0099] As used herein, "pharmaceutically acceptable carrier" includes any and all solvents,
dispersion media, liquid carriers, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents and the like. The use of such media and agents for pharmaceutical
active substances is well known in the art. Except insofar as any conventional media or agent
is incompatible with the cancer antigen, the agent may be used as part of the vaccine
production process.

[0100] As used herein, the phrase “under conditions effective to allow protein complex

formation” refers to those conditions and amounts of a irradiated, or killed, or otherwise
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processed tumor cells, tumor cell debris, processed tumor antigens, processed tumor cells,
and/or antigens that are needed to “load” the MHC of an APC, e.g., a DC or Mph. As used
herein, the term “suitable” for antigen loading are those conditions that permit a DC or Mph
to contact, process and present one or more tumor antigens on MHC, whether intracellular or
on the cell surface. Based on the present disclosure and the examples herein, the skilled
artisan will know the incubation, temperature and time period sufficient to allow effective
binding, processing and loading. Incubation steps are typically from about 6 to 48 hours, at a
temperature of 37 degrees Celsius and 5% CO; in an APC suitable media supplemented with
serum and other nutrients known in the art.

[0101] In one example of the present invention, the APCs are DCs and Mphs loaded with
irradiated tumor cells, including but not limited to tumor cell lines and isolated autologous or
allogeneic tumor cells. It is foreseeable that any tumor or cancer cells isolated from a patient
or available from other sources may be used in an embodiment of the present invention.
While the examples disclose use of pancreatic cancer cell lines, it is contemplated that an
embodiment of the present invention may be used in the treatment of other cancers, and the
type of cancer treatable by an embodiment of the present invention depends upon the type of
cancer cells used to load the DCs and Mphs.

[0102] In certain embodiments, cancer cells used for loading the APCs are attenuated or
killed prior to exposure to APCs. This is typically accomplished by treatment with gamma
rays and ultraviolet rays. Although irradiation is used to induce apoptosis or cell death of the
pancreatic cell lines used in the examples presented herein, other cell death inducing agents
may be used in place of irradiation in an embodiment of the present invention. Other cell
death inducing agents include but are not limited to paclitaxel, camptothecin, ellipticine,
mithramycin A, etoposide, vinblastine and vincristine.

[0103] According to the present invention, the DCs and Mphs loaded with irradiated cancer
cells are capable of inducing humoral B cells and eliciting cytotoxic cells (CTLs) which are
able to kill tumor cells as well as target cells having tumor associated antigen derived
peptides. The cytotoxic cells include but are not limited to CD8 T cells, natural killer cells
(NK), and natural killer T cells (NKT). It is to be understood hereinafter that unless stated
otherwise, reference to cytotoxic T cells refers to one or more of the cytotoxic cells.
According to the present invention, any incubation temperature and any amount of time of
co-culture of the loaded DCs and Mphs that allows uptake of whole cancer cell by the DCs
and Mphs can be used, as will be known to the skilled immunologist.

Methods of Treatment
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[0104] Embodiments of the invention provide methods of treating, both prophylactically and
therapeutically, subjects who belong to a high risk group for developing cancer or those who
are already diagnosed with an identified cancer (e.g. pancreatic cancer), respectively. The
methods of the present invention may include the treatment of a patient having a tumor by
treating the patient with the cancer antigens of the present invention in an appropriate vector
for vaccination, e.g., autologous DCs and Mphs loaded with irradiated whole cancer cells.
The advantage of using a whole tumor cell approach is that the tumor antigens do not have to
be prospectively identified and multiple antigens can be simultaneously targeted. In one
embodiment, the patient is treated with DCs and Mphs loaded with irradiated whole cancer
cells from the same patient. In another embodiment, the patient is treated with DCs and Mphs
loaded with whole cancer cells (e.g. pancreatic cancer cells) isolated from continuous human
cell cultures. In certain embodiments, the subject may treated with autologous T cells primed
by autologous or allogeneic DCs and Mphs loaded with autologous or allogeneic irradiated
whole cancer cells. A similar protocol would be followed for prophylactic treatment.

[0105] In certain embodiments, treatment of these conditions involves prophylactic
vaccination. In FIG. 2, prevention of pancreatic tumor grafting in female C57BI/B6 6-8 week
old mice with prophylactic DCs without Mphs were pulsed with irradiated cancer cells is
provided. Autologous DCs derived from bone-marrow were pulsed with 2 x 10" MMC13
cancer cells were injected intradermally into the left flank. MMC13 mouse pancreatic cancer
cells, 106/m0use, were administered subcutaneously into the right flank of the mouse in an
effort to generate a tumor. In a control group , 2 x 10" MMC13 irradiated cancer cells were
injected intradermally into the left flank. Tumors developed in the control group in all eight
mice where prophylactic administration prevented tumor development.

[0106] FIG. 5 provides an analysis of the survival of mice vaccinated with DCs alone pulsed
with irradiated cancer cells prior to the engraftment of 5 x 10° MMC13 pancreatic cancer
cells. Or DCs and Mphs pulsed with MMC13 cancer cells were also provided in FIG. 5. A
vaccine comprising autologous DCs derived from bone marrow and pulsed with 2 x 10
MMC13 irradiated cancer cells was injected intradermally into the left flank of a 6-8 week
old female C57B1/B6 mouse. Or, a vaccine comprising autologous DCs and Mphs pulsed
with 4 x 10" MMC13 cancer cells was injected intradermally into the right flank
intradermally. Injection of the vaccine occurred at day 7, at day 14, and at day 21 prior to
engraftment. A 100 % survival post grafting in the prophylactic DC only group at day 15
dropped to an 80% survival rate at day 45. On the other hand, a 100% survival post grafting
in the prophylactic group DC + Mph dropped to a 90% survival rate at day 45.
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[0107] In other embodiments, treatment involves therapeutic vaccination. In FIG. 3,
elimination of grafted pancreatic tumors in female C57BI/B6 6-8 week old mice with DCs
without Mphs were pulsed with irradiated cancer cells is provided. MMC13 mouse pancreatic
cancer cells, 106/m0use, were administered subcutaneously into the right flank of the mouse
in an effort to generate a tumor. Autologous DCs derived from bone-marrow were pulsed
with 2 x 10" MMC13 cancer cells and were injected intradermally into the left flank. As a
control, 2 x 10" MMC13 irradiated cancer cells were injected intradermally into the left flank.
DC vaccine was injected at day 7, day 17, and day 37 where the irradiated cancer cells (CC)
only were injected at day 28 and day 37. Tumors developed shortly after in the control group
in all seven mice for 40 days. Where prophylactic DC/CC vaccine was administered in the
therapeutic group of 10 mice after engraftment, tumor development was eliminated in 9 of 10
mice after 50 days.

[0108] FIG. 6 provides an analysis of the survival of mice vaccinated with DCs alone pulsed
with irradiated cancer cells after the engraftment of 5 x 10° MMC13 pancreatic cancer cells.
Or DCs and Mphs pulsed with MMC13 cancer cells after the engraftment of MMC13
pancreatic cancer cells were also provided in FIG. 6. A vaccine comprising autologous DCs
derived from bone marrow and pulsed with 2 x 10" MMC13 irradiated cancer cells was
injected intradermally into the right flank of a 6-8 week old female C57B1/B6 mouse. Or, a
vaccine comprising autologous DCs and Mphs pulsed with 4 x 10" MMC13 cancer cells was
injected intradermally into the left flank intradermally. Injection of the vaccine occurred at
day 3, at day 10, day 17 and at day 24 after engraftment. At day 45, 70% of the mice survived
with DCs + Mphs vaccine where only approximately 30% of the mice survive with DCs
alone.

[0109] Without being bound by theory, in certain embodiments, a synergistic response
occurs. Mphs are APCs of local action, meaning that they can recruit competent T cells (as
well as memory T cells) locally without a requirement migrate to germinal center to do so. As
for the synergistic effect, activated Mphs are known to secrete a number of cytokines (TNF-
a, [L-2, IL-4 which cause differentiation of monocytes into DC and most important the
maturation of iDC. Therefore, they well may recruit endogenous iDC on the site of injection
as well as enhance the expression of costimulatory molecules on already mature DC which
are co-administered with them. That would comprise the synergistic effect.

[0110] Other embodiments are set forth in the summary of the invention, or described in the

examples below.
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[0111] The invention is illustrated herein by the experiments described by the following
examples, which should not be construed as limiting. The contents of all references, pending
patent applications and published patents, cited throughout this application are hereby
expressly incorporated by reference. Those skilled in the art will understand that this invention
may be embodied in many different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are provided so that this disclosure
will fully convey the invention to those skilled in the art. Many modifications and other
embodiments of the invention will come to mind in one skilled in the art to which this
invention pertains having the benefit of the teachings presented in the foregoing description.
Although specific terms are employed, they are used as in the art unless otherwise indicated.

Example 1: Methods and Materials

Preparation of Murine Pancreatic Cancer Cells

[0112] Both MC-1 and MMC-13 tumor cells at 3x10°/ml seeding density were grown in
culture-treated dishes in30 mL of c-DMEM until 90% confluency at37 degrees C for about
80 hours, , detached and collected with EDTA, washed twice with sterile PBS, and then
irradiated in Co®-based irradiator at 150 Gy to render the cells incapable of propagating.
Following irradiation, the cells were exposed to UV light in a CV-1000 UVP chamber for 5
seconds to induce apoptosis. Irradiated cells served as a source of cancer antigens for pulsing
differentiated DC and Mph.

Reagents

[0113] The recombinant cytokines used were GM-CSF (conditioned culture media of mouse
myeloma cell line J-558L transfected with mouse GM-CSF, gift of Dr. Raphael Clynes, and
mouse recombinant GM-CSF from InVitrogen, PMC2016), IL-4 (Sigma, [1020), IL-6
(Sigma), TNF-a (InVitrogen, PMC3034) AND PGE2 (Sigma) For homing stimulation we
also used LPS (Sigma) and poly I:C (Clontech).

Generation of Tumors In Vivo

[0114] MMC-13 pancreatic cancer cells (10%mouse) established from primary metastatic
tumors of 6-8 months old Kp16C female mice, were maintained in cell culture and were
collected from culture dishes using 0.25% trypsin. The cells were washed in sterile PBS 3
times, counted, and 5x10° cells were injected into the right flanks of C57BI/B6 mice
subcutaneously or intraperitoneally in 100 pl of saline. Tumors were monitored starting from

day three using caliper measurements.
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Example 2: Isolation of Mphs and DCs from Mouse Bone Marrow Monocytes

[0115] Bone marrow monocytes were isolated by flushing femurs of mice with DMEM
media supplemented with antibiotics, non-essential amino acids, sodium pyruvate, vitamins
and 10% FBS (complete DMEM or c-DMEM). Cell aggregates were dislodged by gentle
pipetting with subsequent passaging of cell suspension through a 100 um nylon mesh to
remove debris. Red blood cells were removed by ammonium chloride treatment. Cells were
washed with c-DMEM, counted and diluted to the concentration of 2x10° cells/ml of c-
DMEM. At this point, the cell suspension is divided into two parts, one being differentiated
into DC, and the other into Mph.

Example 3: Mph and DC Generation and Maturation

[0116] For DC differentiation, cells are plated into low-attachment Petri dishes in c-DMEM
supplemented with recombinant murine GM-CSF (20 ng/ml), recombinant murine IL-4
(500U/ml) and beta-ME (50uM). As the source of GM-CSF the conditioned media of J558L
cells, transfected with murine GM-CSF, can be used (at 10% concentration).

[0117] For Mph differentiation, cells are plated into culture-treated dishes in c-DMEM
supplemented with the same additives as for DC except IL-4.

[0118] Both sets of cells are incubated at 37C in CO2 incubator. On day 3 and day 6 of
culture, carefully aspirate 75% media and replace with fresh c-DMEM with supplements
(again, except IL-4 for Mph cells). By day 8 both DC and Mph cells are differentiated, this is
confirmed by phenotyping (see below). On day 8, collect all floating and few attached DC
cells (with EDTA), spin once, plate in fresh Petri dishes in the fresh c-DMEM supplemented
with GM-CSF, IL-4, beta-ME at 1x10° cells /ml. Since macrophages are adhered to the plate,
aspirate spent media, replace with fresh c-DMEM supplemented with GM-CSF, beta-ME. At
this point, irradiated cancer cells are added to both DC and Mph cells.

[0119] Phenotyping of differentiated but immature DC and Mphs cells was performed on day
8 using flow cytometry. Flow cytometry of tumor cells was conducted using antibodies
against MHC class I, annexin-V-PE and 7-amino-actinomycin D (7-AAD) from BD
Pharmingen. CaliBRITE flow cytometry calibration (BD Pharmingen) was used prior to each
run and the same instrument settings were used throughout the collection of flow cytometric
data. For DC phenotyping, the following antibodies (e-Bioscience): CD11c, MHC class Il
were used. For Mph phenotyping- CD11b, MHC class II. Isotype control antibodies were

included.
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Example 5: Maturation of Mph and DC

[0120] Irradiated cancer cells are added to DC and Mph plates at day 8 of culture in 1:1 ratio,
incubated at 37°C for 10 hrs. At this time, differentiated DC and Mph cells become loaded
with cancer cells and its debris. After 10 hr, add TNF-alpha (100ng/ml) to all DC and Mph

dishes for maturation. Incubate cells overnight at 37°C. Maturation confirmed by flow
cytometry with the following antibodies: for DC- CD80, CD86, CD40, for Mph- CD86,
CD115, F4/80. 3 hours prior to collection of matured loaded DC and Mph add LPS
(100ng/ml) and poly I/C (25ug/ml) to the plates.

Example 6: Vaccination

[0121] After 3 hours incubation of loaded DC and Mph cells with LPS and poly I/C all

floating cells collected, attached cells collected with EDTA and trypsin, all cells combined,
washed twice with PBS, resuspended in sterile saline (0.9% NaCl) supplemented with LPS
(100ng/ml). At this point, loaded DC and MphH are ready for injection. Mice are injected
subcutaneously, 35-40x10° combined DC/Mph per mouse. The injection of the vaccine was
done in two formats: therapeutic and preventive. In therapeutic setting, the vaccine was
administered intradermally in the left flank in the volume 50ul 3-5 days after the initiation of
tumor. In preventive setting, the vaccine was administered also intradermally in the left flank
in the volume 50ul of PBS at days 14, 8 and 3 prior to the initiation of the tumors.

Example 7: Methods For Assessing Immune Response

[0122] The present disclosure provides ELISPOT assays (F1IG. 4A-FIG. 4B) for

characterizing immune response (see, e.g., of US 2007/0190029 of Pardoll; Chattopadhyay
(2008) Cytometry A. 2008 73:1001-1009; Vollers (2008) Immunology. 123:305-313;
Lalvani, et al. (1997) J. Exp. Med. 186:859-865; Waldrop (1997) J. Clin. Invest. 99:1739-
1750; Hudgens (2004) J. Immunol. Methods 288:19-34; Goulder (2001) J. Virol. 75:1339-
1347; Goulder (2000) J. Exp. Med. 192:1819-1831; Anthony (2003) Methods 29:260-269;
Badovinac and Harty (2000) J. Immunol, Methods 238:107-117). Immune response in a
patient can be assessed by endpoints that are used in oncology clinical trials, including
objective response (RECIST criteria), overall survival, progression-free survival (PES),
disease-free survival, time to distant metastasis, 6-month PES, 12-month PFS, and so on. The
ELISPOT analysis of IFN-y producing splenic T cells from ectopic pancreatic cancer mice is
shown in FIG.4A-FIG. 4B. FIG. 4A represents tumor-grafted, non-vaccinated, pulsed splenic
T cells; FIG. 4B represents tumor grafted, vaccinated, non-pulsed splenic T cells. FIG. 4C
represents tumor-grafted, non-vaccinated, non-pulsed splenic T cells and FIG. 4D represents

a non-grafted control. An increase in IFN-y secreting T-lymphocytes was observed in
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vaccinated mice in comparison to non-vaccinated mice. A person skilled in the art would
understand that there are a variety of assay methods to verify that the administration results in
generating an immune response. Examples include, but are not limited to, intracellular
cytokine staining assays, tetramer assays, antibody titers in patients serum directed against
cancer cells in general and certain cancer cell- associated antigens; the ELISPOT test
showing the activation and expansion of cancer-specific T-cells, the size of the tumor lesions
as per CT scan and/or MRI, the levels of tumor markers (should decrease) in serum, and the
cytotoxicity of patient's serum directed against cancer cells in culture etc.

[0123] One of ordinary skill in the art can make many variations and modifications to the
above- described embodiments of the invention without departing from the spirit or scope of
the appended claims. Accordingly, all such variations and modifications are within the scope

of the appended claims.
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CLAIMS

What is claimed is:

1. A cancer vaccine comprising:

cancer antigen-loaded dendritic cells and cancer antigen-loaded macrophages each
autologous to a subject that has or is at risk of developing an identified cancer, wherein the
cancer antigen-loaded dendritic cells and cancer antigen-loaded macrophages have
internalized a whole cancer cell of the identified cancer or a fragment, lysate or fraction

thereof in vitro.

2. The cancer vaccine of claim 1, wherein either the cancer antigen-loaded dendritic
cells or cancer antigen-loaded macrophages, or both, are loaded with a full set of antigens for

the identified cancer.

3. The cancer vaccine of claim 1, wherein the whole cancer cell is isolated from the

identified cancer in the subject or is obtained from a cancer cell line of the identified cancer.

4. The cancer vaccine of claim 1, wherein the cancer antigen-loaded dendritic cells and

macrophages are combined in a single formulation or separated into individual formulations.

5. The vaccine of claim 4, wherein the individual formulations are administered

concurrently or within 24 hours of each other.

6. The vaccine of claim 1, wherein the identified cancer is melanoma, colon cancer,
duodenal cancer, prostate cancer, breast cancer, ovarian cancer, ductal cancer, hepatic cancer,
pancreatic cancer, renal cancer, liver cancer, sarcoma, endometrial cancer, testicular cancer,
stomach cancer, dysplastic oral mucosa, polyposis, thyroid cancer, cervical cancer, head and
neck cancer, invasive oral cancer, non-small cell lung carcinoma, small-cell lung cancer,
mesothelioma, transitional and squamous cell urinary carcinoma, brain cancer,

neuroblastoma, or glioma.

7. The vaccine of claim 1, wherein the identified cancer is pancreatic cancer.

8. The cancer vaccine of claim 1, wherein the cancer vaccine is administered
intradermally.

9. The vaccine of claim 4, wherein the single formulation is disposed a containment

device or separate formulations are disposed in two or more containment devices, wherein the

containment device or devices are, optionally, used for administration.
42



WO 2017/152008 PCT/US2017/020589

10. A method of stimulating an immune response against a cancer cell-specific antigen in
an identified cancer in a subject at risk of having or having the identified cancer, comprising
co-administering an immunologically effective amount of cancer antigen-loaded dendritic
cells and cancer antigen-loaded macrophages, each autologous to the subject, that have
internalized a whole cancer cell of the identified cancer or a fragment, lysate or fraction

thereof in vitro.

11. A method of treating cancer in a subject that has an identifiable cancer comprising:

co-administering a therapeutically effective amount of cancer antigen-loaded dendritic
cells and cancer antigen-loaded macrophages, each autologous to the subject, that have
internalized a whole cancer cell of the identified cancer or a fragment, lysate or fraction

thereof in vitro.

12. The method of claim 10 or 11, wherein the immune response comprises one or more

of a CD4+ T cell response, a CD8+ T cell response, and a B cell response.

13. The method of claim 12, further comprising determining the CD4+ T cell response,
CD8+ T cell response, or B cell response by ELISPOT assays, by intracellular cytokine

staining assays, by tetramer assays, or by detecting antigen-specific antibody production.

14. The method of claim 10 or 11, wherein the co-administration is subcutaneous,
intradermal or intramuscular injection of the cancer antigen-loaded dendritic cells and cancer

antigen-loaded macrophages.

15. The method of claim 10 or 11, wherein the co-administration comprises injections of
the cancer antigen-loaded dendritic cells and cancer antigen-loaded macrophages weekly for

one to three months and then monthly for a subsequent one to five months.
16. The method of claim 10 or 11, wherein the identified cancer is pancreatic cancer.

17. The method of claim 10 or 11, wherein the identified cancer is melanoma, colon
cancer, duodenal cancer, prostate cancer, breast cancer, ovarian cancer, ductal cancer, hepatic
cancer, pancreatic cancer, liver cancer, renal cancer, endometrial cancer, testicular cancer,
stomach cancer, sarcoma, dysplastic oral mucosa, polyposis, thyroid cancer, cervical cancer,
head and neck cancer, invasive oral cancer, non-small cell lung carcinoma, small-

cell lung cancer, mesothelioma, transitional and squamous cell urinary carcinoma, brain

cancer, neuroblastoma, or glioma.
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18. A method of inducing an immune response against a cancer cell-specific antigen in

an identified cancer in a subject having or at risk of having the identified cancer comprising:

(i) culturing a first population of white blood cells isolated from the subject under a
first set of culture conditions that promote white blood cell differentiation into autologous
dendritic cells and a second population of white blood cells isolated from the subject under a

second set of conditions that promote differentiation into autologous macrophages;

(ii) isolating or obtaining cancer cells from the subject or from a cell culture of the

identified cancer type, and attenuating or killing the isolated or obtained cancer cells;

(iii) contacting the attenuated or killed cancer cells with the autologous dendritic cells
and macrophages, separately, in culture under conditions that permit the internalization of the
cancer cells thereby producing cancer antigen-loaded dendritic cells and cancer antigen-

loaded macrophages; and

(iv) co-administering the cancer antigen-loaded dendritic cells and cancer antigen-

loaded macrophages to the subject in an immunologically effective amount.

19. The method of claim 18, wherein the cancer cells are pancreatic cancer cells.
20. The method of claim 18, wherein the cancer cells are allogeneic cancer cells.
21. The method of claim 18, wherein the cancer cells comprise cells from one or more

cancer cell lines.

22. The method of claim 18, wherein the cancer cells are isolated from the identified

cancer in the subject.

23. The method of claim 18, wherein the cancer cells are attenuated by a method selected
from the group consisting of irradiation, heat shock, cold shock, glucose deprivation, oxygen
deprivation, exposure to at least one drug that alter cell metabolism, and exposure to at least

one cytotoxic drug.

24. The method of claim 18, wherein the cancer cells are obtained from a pancreatic cell
line selected from the group consisting of CFPAC-1, Capan-2, MIA-PaCa-2, BxPC3, Hs766t,
Panc 03.27, Panc 02.13, Panc 10.05, Panc 10.05-GMCSF, Panc 05.04, HPAC, HPAF-II,
PANC-1, PL45, UACC-462, PANC 04.03.

25. The method of claim 18, wherein the cancer antigen-loaded dendritic cells are
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matured with one or more maturation factors prior to administering to the patient.

26. The method of claim 25, wherein the at least one maturation factor is selected from

the group consisting of monocyte conditioned medium, IFNa, IL-1f, IL-6 and TNFa.
27. The method of claim 18, wherein the cancer cells are irradiated.

28. The method of claim 18, wherein the identified cancer is melanoma, colon cancer,
duodenal cancer, prostate cancer, breast cancer, ovarian cancer, ductal cancer, hepatic cancer,
pancreatic cancer, liver cancer, renal cancer, sarcoma, endometrial cancer, testicular cancer,
stomach cancer, dysplastic oral mucosa, polyposis, thyroid cancer, cervical cancer, head and
neck cancer, invasive oral cancer, non-small cell lung carcinoma, small-cell lung cancer,
mesothelioma, transitional and squamous cell urinary carcinoma, brain cancer,

neuroblastoma, or glioma.

29. A cancer vaccine composition for an identified cancer made by a method comprising

the steps of:

(1) culturing a first population of white blood cells isolated from the subject under a
first set of culture conditions that promote white blood cell differentiation into autologous
dendritic cells and a second population of white blood cells isolated from the subject under a

second set of conditions that promote differentiation into autologous macrophages;

(ii) isolating or obtaining cancer cells from the subject or from a cell culture of the

identified cancer type, and attenuating or killing the isolated or obtained cancer cells;

(iii) contacting the attenuated or killed cancer cells with the autologous dendritic cells
and macrophages, separately, in culture under conditions that permit the internalization of the
cancer cells thereby producing cancer antigen-loaded dendritic cells and cancer antigen-

loaded macrophages; and

(iv) co-administering the cancer antigen-loaded dendritic cells and cancer antigen-

loaded macrophages to the subject in an immunologically effective amount.

30. The composition of claim 29, wherein the cancer antigen-loaded dendritic cells are
matured by subjecting the cells to at least one maturation factor prior to administering to the

patient.

31. The composition of claim 30, wherein the at least one maturation factor is selected
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from the group consisting of monocyte conditioned medium, [FNa, IL-1f, IL-6, and TNFa.

32. A method of treating an identified cancer in a subject or stimulating an immune
response against a cancer cell-specific antigen from identified cancer in a subject at risk of

cancer, the method comprising administering the vaccine of claim 1.
33. The method of claim 32, wherein the vaccine is administered intradermally.

34. The method of claim 32, wherein the cancer antigen-loaded dendritic cells and the
cancer antigen-loaded macrophages of the cancer vaccine are administered concurrently or

within 24 hours of each other.

35. The method of claim 32, further comprising co-administering one or more

inflammatory and/or homing factors.

36. The method of claim 35, wherein the one or more inflammatory and/or homing

factors comprises LPS and polyl:C.

37. The vaccine of claim 1, wherein the whole cancer cell is obtained from a pancreatic cell
line selected from the group consisting of CFPAC-1, Capan-2, MIA-PaCa-2, BxPC3, Hs766t,
Panc 03.27, Panc 02.13, Panc 10.05, Panc 10.05-GMCSF, Panc 05.04, HPAC, HPAF-II,
PANC-1, PL45, UACC-462, PANC 04.03.
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Design of Dendritic Cell/Whole Cancer Cells
{DCICC)-based Vaccine for Pancreatic Cancer
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FIG. 2
Prevention of Pancreatic Tumor Grafting in Mice by
Prophylactic DC/CC
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Arrows indicate injection of a vaccine or cancer cell graft

Mouse strain: C57B1/B6

Sex: female

Age: 6-8 weeks

Graft: MMC13* mouse PaCa cells, 106/m0use, s.c., right flank

Vaccine: autologous Dendritic cells, BM-derived, pulsed w/MMC13, 2x107, left flank, id and
MMC13 cancer cells irradiated, 2x107, left flank, i.d.

Abbreviations:
DC/CC dendritic cells pulsed with irradiated cancer cells
CC- irradiated cancer cells

* - MMC13 mouse PaCa cell line established form the PaCa metastases from Kras/p16/Pdx1-
Cre (Kp16C)
mice (gift from Dr. Gloria Su)
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FIG. 3
Elimination of Grafted Pancreatic Tumors in Mice

after DC/CC vaccination
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Mouse strain: C57BIl/B6

Sex: female

Age: 6-8 weeks

Graft: MMC13* mouse PaCa cells, 106/m0use, s.c, right flank

Vaccine: autologous Dendritic cells, BM-derived, pulsed w/MMCI13, 2x107, left flank, i.d. and
MMC13 cacner cells irradiated, 2X107, left flank, i.d.

Abbreviations;:
DC/CC dendritic cells pulsed with irradiated cancer cells
CC- irradiated cancer cells

* - MMC13 mouse PaCa cell line established form the PaCa metastases from Kras/p16/Pdx1-Cre
(Kpl6C)
mice (gift from Dr. Gloria Su)
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ELISPOT analysis of IFN-y Producing Splenic T-cells from Ectopic PaCa Mice
{representative pictures)

A - Tumor-grafted, non-vaccinated, pulsed;
B- Tumor-grafted, vaccinated, non-pulsed;
C-same as A, non-pulsed

D - non-grafted, control

FIG. 4D



5/6
WO 2017/152008 PCT/US2017/020589

FIG. 5

Kaplan-Meier analysis of the survival of mice
vaccinated with DC/CC only or (DC+MPh)/CC cells
prior to the engraftment with pancreatic cancer cells
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Mouse strain: C57BIl/B6

Sex: female

Age: 6-8 weeks

Vaccine: autologous Dendritic cells, BM-derived, pulsed w/MMC13, 2X107, left flank, i.d. or
DC/MPh cells pulsed with MMC13 cancer cells, 4X107, left flank, i.d.

Grafting was done with MMC13 cells, 5x10°, right flank subcutaneously
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FIG. 6

Kaplan-Meier analysis of the survival of mice with
grafted pancreatic cancer cells after vaccination with
DC/CC only or (DC+MPh)/CC cells
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Arrows indicate injection of a vaccine:
1 - day3

2 —day 10

3 —day 17

4 —day 24

Mouse strain: C57BIl/B6

Sex: female

Age: 6-8 weeks

Graft: MMC13* mouse PaCa cells, SXIOS/IIIOUSC, s.c, right flank

Vaccine: autologous Dendritic cells, BM-derived, pulsed w/MMC13, 2X107, left flank, i.d. or
DC/MPh cells pulsed with MMC13 cancer cells, 4X107, left flank, i.d.
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