Développement économique Canada

Office de la Propriété Intellectuelle du Canada

I*I Innovation, Sciences et

Innovation, Science and CA 2974237 C 2021/07/20

S oMo, Canada anen 2 974 237
¢12) BREVET CANADIEN

CANADIAN PATENT

13 C

(86) Date de dépo6t PCT/PCT Filing Date: 2016/01/07

(87) Date publication PCT/PCT Publication Date: 2016/07/14

(45) Date de délivrance/lssue Date: 2021/07/20

(51) CLInt./Int.Cl. C12N 15/63(2006.01),
A6TK 39/235(2006.01), C12N 15/8617 (2006.01)

(72) Inventeurs/Inventors:
JONES, FRANK R., US;

(85) Entrée phase nationale/National Entry: 2017/07/05 GABITZSCH, ELIZABETH, US;
®6) N° demande PCT/PCT Application No.: US 2016/012496 LATCHMAN, YVETTE, US;

(87) N° publication PCT/PCT Publication No.: 2016/1

(30) Priorités/Priorities: 2015/01/09 (US62/101,969),
2015/04/20 (US62/150,236)

RICE, ADRIAN, US

(73) Propriétaire/Owner:
ETUBICS CORPORATION, US

(74) Agent: SMART & BIGGAR LLP

12195

(54) Titre : METHODES ET COMPOSITIONS D'IMMUNOTHERAPIE COMBINEE
(54) Title: METHODS AND COMPOSITIONS FOR COMBINATION IMMUNOTHERAPY

(57) Abrégé/Abstract:

Methods for generating immune responses using adenovirus vectors that allow multiple vaccinations with the same adenovirus
vector and vaccinations in individuals with preexisting immunity to adenovirus are provided.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191




wo 2016/112195 A1 [N N0 00 0000 0 Y O

(43) International Publication Date

CA 02974237 2017-07-05

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

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

=

\

(10) International Publication Number

WO 2016/112195 A1l

14 July 2016 (14.07.2016) WIPOIPCT
(51) International Patent Classification: (74) Agents: MCANDREW, Christopher W. et al.,; Wilson
CI2N 15/63 (2006.01) A61K 39/235 (2006.01) Sonsini Goodrich & Rosati, 650 Page Mill Road, Palo
CI2N 15/861 (2006.01) Alto, California 94304 (US).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2016/012496 kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
7 January 2016 (07.01.2016) DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(26) Publication Language: English MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(30) Priority Data: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
62/101,969 9 January 2015 (09.01.2015) Us SD, SE, 8G, 8K, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
62/150,236 20 April 2015 (20.04.2015) US TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: ETUBICS CORPORATION [US/US], 410 (84) Designated States (unless otherwise indicated, fO}" every
West Harrison Street, Suite 100, Seattle, Washington kind of regional protection available): ARIPO (BW, GH,
98119 (US). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(72) Inventors; and TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(71) Applicants : JONES, Frank R. [US/US]; 410 West Har- DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
rison Street, Suite 100, Seattle, Washington 98119 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
GABITZSCH, Elizabeth; 410 West Harrison Street, Suite SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
100, Seattle, Washington 98119 (US). LATCHMAN, GW, KM, ML, MR, NE, SN, TD, TG).
Yvette; 410 West Harrison Street, Suite 100, Seattle,
Published:

Washington 98119 (US). RICE, Adrian; 410 West Harris-
on Street, Suite 100, Seattle, Washington 98119 (US).

with international search report (Art. 21(3))
with sequence listing part of description (Rule 5.2(a))

(54) Title: METHODS AND COMPOSITIONS FOR COMBINATION IMMUNOTHERAPY

(57) Abstract: Methods for generating immune responses using adenovirus vectors that allow multiple vaccinations with the same
adenovirus vector and vaccinations in individuals with preexisting immunity to adenovirus are provided.



CA 2974237

METHODS AND COMPOSTIONS FOR COMBINATION IMMUNOTHERAPY

CROSS-REFERENCE
[0001] This application claims priority to U.S. Provisional Application No. 62/101,969, filed January 9,
2015, and U.S. Provisional Application No. 62/150,236, filed April 20, 2015.
RELATED APPLICATIONS
[0002] This application is related to PCT App. No. PCT/US2013/032688 filed on, March 15, 2013.
STATEMENT AS TO FEDERALLY SPONSORED RESEARCH
[0003] This invention was made with United States government support under Contract No. HHSN
261200900059C, awarded by the National Cancer Institute (NCI); and Contract No. HHSN
261201100097C, awarded by the NCI; Grant No. 1R43CA134063, awarded by the NCI; Grant No.
2R44CA134063 awarded by the NCI; Grant No. 1R43CA 186357 awarded by the NCI; Grant No.
1R43DE021973 awarded by the National Institute of Dental and Craniofacial Research (NIDCR); and
Grant No. 2R44DE021973 awarded by the NIDCR. The United States government may have certain
rights in the invention.
BACKGROUND OF THE INVENTION
[0004] Vaccines help the body fight disease by training the immune system to recognize and destroy
harmful substances and diseased cells. Vaccines can be largely grouped into two types, preventive and
treatment vaccines. Prevention vaccines are given to healthy people to prevent the development of
specific discascs, while treatment vacceines, also referred to as immunotherapics, arc given to a person
who has been diagnosed with disease to help stop the disease from growing and spreading or as a
preventive. Viral vaccines are currently being developed to help fight infectious diseases and cancers.
These viral vaccines work by inducing expression of a small fraction of genes associated with a discase
within the host’s cells, which in turn, enhance the host’s immune system to identify and destroy
diseased cells. As such, clinical response of a viral vaccine can depend on the ability of vaccine to
obtain a high level immunogenicity and have sustained long-term expression. Immune checkpoints,
such as immune inhibitory pathways, can play a critical in modulating the duration and amplitude of
physiological immune responses underlying immunogenicity. By combining the administration of a
vaccine with drugs that inhibit the immune checkpoint immune inhibitory pathways one may be able to
enhance the efficacy and effectiveness of a vaccine in a patient
[0005] Cancer immunotherapy achieved by delivering tumor-associated antigens (TAA) may have
survival benefits; however, limitations to these strategies exist and more immunologically potent
vaccines are needed. A variety of vaccination strategies including co-administration of adjuvants and

immune stimulating cytokines have been employed to address the low immunogenicity of self-tumor
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antigens. Alternatives include the use of recombinant viral vectors that inherently provide innate pro-
inflammatory signals and express the antigen of interest. Adenovirus serotype-5 (Ad5)-based
immunotherapeutics have been repeatedly used in humans to induce robust T-cell-mediated immune
(CMI) responses while remaining safe. Although, AdS vectors have been manufactured in large
quantities and are stable for storage and delivery for outpatient administration, a major obstacle to the use
of first generation (E1-deleted) AdS-based vectors is the high frequency of pre-existing anti-Ad3
neutralizing antibodies (NAbs), which may be present in a host from prior wild type adenovirus infection
or induction of Ad5 NAbs by repeated injections with Ad5-based vaccines, each resulting in inadequate
immune stimulation against the target TAA.

[0006] A major problem with adenovirus (Ad) vectors has been their inability to sustain long-term
transgene expression due largely to host immune responses that eliminates the Ad vector and virally-
transduced cells in immune-competent subjects. Use of first generation Ad vector vaccines is severely
limited by preexisting or induced immunity of vaccines to Ad. Most humans have Ad5 NAbs, and two-
thirds have lympho-proliferative responses against Ad. An Ad vector vaccine carrying an HIV-1
envelope gene was incapable of re-immunizing a primed immune response using DNA without adjuvant.
Single immunizations of non-human primates were unable to generate transgene-specific antibodies to
HIV proteins, or alter overall T-cell responses.

[0007] Numerous mechanisms by which preexisting immunity interferes with Ad vector vaccines exist,
but one major concern is the presence of NAbs followed by CMI elimination of Ad infected antigen
harboring cells. Both of these responses can be directed to several Ad proteins. Although increasing
vaccine doses may increase induction of desired CMI responses in Ad-immune animals, often
unacceptable adverse effects result in animals and humans. Using first generation Ad5 vectors, a
heterologous prime-boost regimen using naked (non-vectored) DNA as the priming vaccination, followed
by an Ad5 vector immunization may result in a subsequent immune response against AdS such that one
cannot administer a further re-immunization (boost) with the same (or a difterent) Ad vector vaceine that
utilizes the same viral backbone. Thus, using this approach with current first generation AdS vectors can
abrogate further use of Ad5 vector immunizations.

[0008] First generation (E1-deleted) Ad vector vaccines express Ad late genes, albeit at a decreased level
and over a longer time period than wild-type Ad virus, and vaccine antigens are presented to the immune
system simultaneously with highly immunogenic Ad capsid proteins. Due to antigenic competition, the
immune responses generated are less likely directed to desired vaccine epitopes and more likely directed
to the Ad-derived antigens. One of the major problems facing AdS based vectors is the high propensity of
pre-existing immunity to Ads in the human population, and how this may preclude the use of
conventional, AdS [El-] deleted (first generation Ads) in most human populations, for any additional

vaccine application. A major obstacle to the use of first generation (E1-deleted) Ad5-based vectors is the
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high frequency of pre-existing anti-adenovirus type 5 neutralizing antibodies. These antibodies can be
present in a potential vaccine due to either prior wild type adenovirus infection and/or induction of
adenovirus neutralizing antibodies by repeated injections with Ad5-based vaccines, each resulting in
inadequate immune stimulation against the target TAA.
[0009] Thus, there remains more effective cancer vaccine vector candidates are needed. Cancer targeting
Ad vaccine vectors that allow multiple vaccinations and vaccinations in individuals with preexisting
immunity to Ad are needed. While cancer immunotherapy achieved by delivering tumor-associated
antigens (TAA) provides survival benefits, limitations to these strategies exist and more immunologically
potent vaccines are needed.

SUMMARY OF THE INVENTION
[0010] To overcome these challenges, the present invention provides combination multi-targeted
vaccines, immunotherapies and methods for enhanced therapeutic response to complex diseases such as
infectious diseases and cancers. The present disclosure relates compositions, methods and kits for
generating an immune response in an individual to fight infectious diseases and cancer. The present
disclosure provides compositions, methods and kits for generating an immune response against a target
antigen or cells cxpressing or presenting a target antigen or a target antigen signature comprising at least
one target antigen.
[0011] It has been discovered that Ad5 [El-, E2b-] vectors are not only are safer than, but appear to be
superior to Ad5 [E1-] vectors in regard to induction of antigen specific immune responses, making them
much better suitable as a platform to deliver MUCI, T and/or CEA vaccines that can result in a clinical
response. In other cases, immune induction may take months, Ad5 [E1-, E2b-] vectors not only are safer
than, but appear to be superior to Ad5 [E1-] vectors in regard to induction of antigen specific immune
responses, making them much better suitable as a platform to deliver MUCl¢, T and/or CEA vaccines
that can result in a clinical response.
[0012] Various embodiments of the invention, by taking advantage of the new AdS [El-, E2b-] vector
system in delivering a long sought-after need for a develop a therapeutic vaccine against MUCT, T and/or
CEA, overcome barriers found with other AdS systems and permit the immunization of people who have
previously been exposed to Ad5. In other embodiments of the invention, by taking advantage of the new
AdS [El-, E2b-] vector system in delivering a long sought-after need for a develop a therapeutic vaccine
against MUClc, T and/or CEA, overcome barriers found with other Ad5 systems and permit the
immunization of people who have previously been exposed to Ad5. In other embodiments of the
invention, by taking advantage of the new AdS [El-, E2b-] vector system in delivering a long sought-
after need for a develop a therapeutic vaccine against MUCIn, T or CEA, overcome barriers found with

other Ad5 systems and permit the immunization of people who have previously been exposed to Ad5.
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[0013] To address the low immunogenicity of self-tumor antigens, a variety of advanced, multi-
component vaccination strategies including co-administration of adjuvants and immune stimulating
cytokines are provided. The invention relates to recombinant viral vectors that provide innate pro-
inflammatory signals, while simultaneously engineered to express the antigen of interest. Of particular
interest are adenovirus serotype-5 (Ad5)-based immunotherapeutics that have been repeatedly used in
humans to induce robust T-cell-mediated immune (CMI) responses, all while maintaining an extensive
safety profile.

[0014] In one aspect, a composition is provided comprising a recombinant replication defective viral
vector comprising a sequence encoding a MUC1-C antigen, wherein the sequence encoding the MUCI1-C
antigen has at least 80% sequence identity to SEQ ID NO:5 or SEQ ID NO:6. In some embodiments, the
MUCI-C antigen comprises a sequence with at least 80% sequence identity to SEQ ID NO:9.

[0015] In one aspect, a composition is provided comprising a recombinant replication defective viral
vector comprising a sequence encoding a Brachyury antigen, wherein sequence encoding the Brachyury
antigen has at least 80% sequence identity to SEQ ID NO:7 or SEQ ID NO:8.In some embodiments, an
immune response against the antigen or cells expressing the antigen is induced in a human administered
the viral vector.

[0016] In oneaspect, a composition is provided comprising a recombinant replication defective viral
vector comprising a sequence encoding at least two antigens selected from the group consisting of a
MUCI1-C antigen, a Brachyury antigen, and a CEA antigen. In some embodiments, an immune response
against the at least two antigens or cells expressing the at least two antigens is induced in a human
administered the viral vector.

[0017] In some embodiments, the immune response comprises generation of an antibody to the antigen.
In some embodiments, the immune response comprises cell mediated immunity (CMI). In some
embodiments, the sequence encoding the MUC1-C antigen has at least 80% sequence identity to SEQ ID
NO:5 or SEQ ID NO:6. In some cmbodiments, the scquence encoding the Brachyury antigen has at lcast
80% sequence identity to SEQ ID NO:7 or SEQ ID NO:8. In some embodiments, the sequence encoding
the CEA antigen has at least 80% sequence identity to SEQ ID NO:1, SEQ ID NO:2, or SEQ ID NO:3. In
some embodiments, the antigen comprises a modification of 25, 15, 10, 5, or less amino acids. In some
embodiments, the antigen comprises a modification in 1 amino acid. In some embodiments, the
recombinant viral vector is selected from the group consisting of: retrovirus, lentivirus, cytomegalovirus,
Sendai virus, HPV virus, and adenovirus. In some embodiments, the recombinant viral vector comprises
a replication defective adenovirus vector. In some embodiments, the recombinant viral vector comprises
a replication defective adenovirus 5 vector. In some embodiments, the replication defective adenovirus
vector comprises a deletion in an E2b gene region. In some embodiments, the replication defective

adenovirus vector comprises a deletion in an E1 gene region. In some embodiments, the replication
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defective adenovirus vector comprises a deletion in an E3 gene region. In some embodiments, the
replication defective adenovirus vector comprises a deletion in an E4 gene region. In some embodiments,
the recombinant viral vector effects overexpression of the antigen in transfected cells. In some
embodiments, the recombinant viral induces a specific immune response against cells expressing the
antigen in a human that is at least 2, 3, 4, 5, 6,7, 8, 9, 10, 15, 20, or 25 fold over basal. In some
embodiments, the human has an inverse Ad5 neutralizing antibody titer of greater than 50, 75, 100, 125,
150, 160, 175, or 200. In some embodiments, the human has an inverse Ad5 neutralizing antibody titer of
greater than 250, 500, 750, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, or 4767. In some
embodiments, the immune response is measured as antigen specific antibody response.

[0018] In some embodiments, the immune response is measured as antigen specific cell-mediated
immunity (CMI). In some embodiments, the immune response is measured as antigen specific IFN-y
secretion. In some embodiments, the immune response is measured as antigen specific IL-2 secretion. In
some embodiments, the immune response against the antigen is measured by ELISpot assay. In some
embodiments, the antigen specific CMI is greater than25, 50, 75, 100, 150, 200, 250, or 300 IFN-y spot
forming cells (SFC) per 10° peripheral blood mononuclear cells (PBMC). In some embodiments, the
immune response 1s measured by T-cell lysis of CAP-1 pulsed antigen-presenting cells, allogeneic
antigen expressing cells from a tumor cell line or from an autologous tumor. In some embodiments, the
composition further comprises an immunogenic component. In some embodiments, the immunogenic
component comprises a cytokine selected from the group of IFN-y, TNFa IL-2, IL-8, IL-12, IL-18, IL-7,
IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13. In some embodiments, the immunogenic component is
selected from the group consisting of [L-7, a nucleic acid encoding IL-7, a protein with substantial
identity to IL-7, and a nucleic acid encoding a protein with substantial identity to IL-7. In some
embodiments, the CEA antigen comprises a modification that comprises a substitution of aspartate at a
position corresponding to position 610 in SEQ ID NO:3. In some embodiments, the composition further
comprises a molecular composition comprising an immune pathway checkpoint modulator. In some
embodiments, the immune pathway checkpoint modulator activates or potentiates an immune response.
In some embodiments, the immune pathway checkpoint modulator inhibits an immune response
inhibitor. In some embodiments, the immune pathway checkpoint inhibits an imumune response. In some
embodiments, the immune pathway checkpoint modulator targets an endogenous immune pathway
checkpoint protein or fragment thereof selected from the group consisting of: PD1, PDL1, PDL2, CD28,
CDS80, CD86, CTLA4, B7RP1, ICOS, B7RPI, B7-H3, B7-H4, BTLA, HVEM, KIR, TCR, LAG3,
CD137, CD137L, 0X40, OX40L, CD27, CD70, CD40, CD40L, TIM3, GAL9, ADORA, CD276,
VTCNI, IDO1, KIR3DL1, HAVCR2, VISTA, and CD244. In some embodiments, the immune pathway

checkpoint modulator targets a PD1 protein. In some embodiments, the molecular composition comprises
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siRNAs, antisense, small molecules, mimic, a recombinant form of a ligand, a recombinant form of a
receptor, antibodies, or a combination thereof.

[0019] In oneaspect, a method of selecting a human for administration of the compositions is provided
comprising: determining a HLA subtype of the human; and administering the composition to the human,
if the HLA subtype is determined to be one of a preselected subgroup of HLA subtypes. In some
embodiments, the preselected subgroup of HLA subtypes comprises one or more of HLA-A2, HLA-A3,
and HLA-A24.

[0020] In one aspect, a method of treating a human for cancer or an infectious disease is provided
comprising administering the recombinant viral vector to the human.

[0021] In one aspect, a method of generating an immune response in a human to MUC1-C, Brachyury,
CEA, or any combination thereof is provided comprising administering to the human the composition. In
some embodiments, the administering step is repeated at least once. In some embodiments, the
administering step is repeated after about 2, 3, 4, 5, or 6 weeks following a previous administering step.
In some embodiments, the administering step is repeated after about 2, 3, 4, 5, or 6 months following a
previous administering step. In some embodiments, the administering step is repeated twice.

[0022] In onc aspect, a method of treatment is provided comprising: selecting a first phase of treatment
and a second phase of treatment; during the first phase, administering to a human a total of 3 times, in
about 3 week intervals, a first composition comprising a first replication defective adenovirus vector
encoding 2a MUCI-C antigen; and during the second phase, administering to the human a total of 3 times,
in about 3 month intervals, a second composition comprising a second replication defective adenovirus
vector encoding an antigen that induces an immune response in a human against cells expressing the
MUCI1-C antigen.

[0023] In one aspect, a method of treatment is provided comprising: selecting a first phase and a second
phase of treatment; during the first phase, administering to a human a total of 3 times, in about 3 week
intervals, a first composition comprising a first replication defective adenovirus vector encoding a
Brachyury antigen; and during the second phase, administering to the human a total of 3 times, in about 3
month intervals, a second composition comprising a second replication defective adenovirus vector
encoding an antigen that induces an immune response in a human against cells expressing the Brachyury
antigen.

[0024] In one aspect, a method of treatment is provided comprising: selecting a first phase of treatment
and a second phase of treatment; during the first phase, administering to a4 human a total of 3 times, in
about 3 wecek intervals, a first composition comprising a first replication defective adenovirus vector
encoding at least two antigens selected from the group consisting of a MUC1-C antigen, a Brachyury
antigen, and a CEA antigen; and during the second phase, administering to the human a total of 3 times,

in about 3 month intervals, a second composition comprising a second replication defective adenovirus
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vector encoding an antigen that induces an immune response in a human against cells expressing the at
least two antigens. In some embodiments, the second phase starts about 3 months after the end of the first
phase.

[0025] In one aspect, a method of treatment is provided comprising: selecting a first phase of treatment
and a second phase of treatment; during the first phase, administering to a human, a total of n times, a
first composition comprising a first replication defective adenovirus vector encoding a Brachyury
antigen; during the second phase, administering the human, a total of m times, a second composition
comprising a second replication defective adenovirus vector encoding an antigen that induces an immune
response in a human against cells expressing the Brachyury antigen.

[0026] In one aspect, a method of treatment is provided comprising: selecting a first phase of treatment
and a second phase of treatment; during the first phase, administering to a human, a total of n times, a
first composition comprising a first replication defective adenovirus vector encoding a MUCI-C antigen;
during the second phase, administering the human, a total of m times, a second composition comprising a
second replication defective adenovirus vector encoding an antigen that induces an immune response in a
human against cells expressing the MUCI1-C antigen.

[0027] In onc aspect, a method of treatment is provided comprising: selecting a first phase of treatment
and a second phase of treatment; during the first phase, administering to a human, a total of n times, a
first composition comprising a first replication defective adenovirus vector encoding at least two antigens
selected from the group consisting of a MUCI-C antigen, a Brachyury antigen, and a CEA antigen;
during the second phase, administering the human, a total of m times, a second composition comprising a
second replication defective adenovirus vector encoding the at least two antigens that induces an immune
response in a human against cells expressing the at least two antigens. In some embodiments, n is greater
than 1. In some embodiments, n is 3. In some embodiments, m is greater than 1. In some embodiments, m
is 3. In some embodiments, the first phase is at least 2, 3, 4, 5, 6, 7, or 8 weeks. In some embodiments,
the second phase is at least 2, 3, 4, 5, 6, 7, or 8 months. In some embodiments, the second phase starts 3-
16 weeks after first phase ends. In some embodiments, in the first phase two administrations of the
replication defective adenovirus are at least 18 days apart. In some embodiments, in the first phase two
administrations of the replication defective adenovirus are about 21 days apart. In some embodiments, in
the first phase two administrations of the replication defective adenovirus are at most 24 days apart. In
some embodiments, in the second phase two administrations of the replication defective adenovirus are at
least 10 weeks apart. In some embodiments, in the second phase two administrations of the replication
defective adenovirus arc about 13 weeks apart. In some embodiments, in the sccond phase two
administrations of the replication defective adenovirus are at most 16 weeks apart. In some embodiments,
the method further comprises administering a molecular composition comprising an immune pathway

checkpoint modulator.
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[0028] In oneaspect, a method of treatment is provided comprising: selecting a first phase of treatment
and a second phase of treatment; during the first phase, administering to a human, a total of n times, a
first composition comprising a first replication defective adenovirus vector encoding an antigen that
induces an immune response in a human against cells expressing a MUC1-C, Brachyury, or CEA
antigen; and during the second phase, administering the human, a total of m times, a second composition
comprising a second replication defective adenovirus vector encoding an antigen that is capable of
inducing an immune response directed towards cells expressing MUC1-C, Brachyury, or CEA antigen in
a human; wherein a molecular composition comprising and an immune pathway checkpoint modulator is
administered during the first phase, the second phase, or both.

[0029] In one aspect, a method of treating a subject in need thereof is provided, comprising
administering to the subject: (a) a recombinant replication deficient adenovirus vector encoding (i) a
MUCI-C antigen, (ii) a Brachyury antigen, or (iii) at least two antigens selected from the group
consisting of a MUC1-C antigen, a Brachyury antigen, and a CEA antigen; and (b) a molecular
composition comprising an immune pathway checkpoint modulator; thereby generating an immune
response in the subject. In some embodiments, (a) and (b) are administered in series. In some
cmbodiments, (a) and (b) arc administered at the same time. In some embodiments, (a) and (b) are
administered a month apart.

[0030] In some embodiments, the immune pathway checkpoint modulator activates or potentiates an
immune response. In some embodiments, the immune pathway checkpoint modulator inhibits an immune
response inhibitor. In some embodiments, the immune pathway checkpoint inhibits an immune response.
In some embodiments, the immune pathway checkpoint modulator targets an endogenous immune
pathway checkpoint protein or fragment thereof selected from the group consisting of: PD1, PDLI,
PDL2, CD28, CD80, CD86, CTLA4, B7RP1, ICOS, B7RPI, B7-H3, B7-H4, BTLA, HVEM, KIR, TCR,
LAG3, CD137, CD137L, OX40, 0X40L, CD27, CD70, CD40, CD40L, TIM3, GAL9, ADORA, CD276,
VTCNI, IDO1, KIR3DL1, HAVCR2, VISTA, and CD244. In some embodiments, the immune pathway
checkpoint modulator targets a PD1 protein. In some embodiments, the molecular composition comprises
siRNAs, antisense, small molecules, mimic, a recombinant form of a ligand, a recombinant form of a
receptor, antibodies, or a combination thereof.

[0031] In some embodiments, the immune response is increased at least 2, 3,4, 5,6, 7, 8,9, 10, 15, 20,
or 25 fold. In some embodiments, the first replication defective adenovirus vector and the second
replication defective adenovirus vector are the same. In some embodiments, the first replication defective
adenovirus vector comprises a replication defective adenovirus 5 vector. In some embodiments, the
second replication defective adenovirus vector comprises a replication defective adenovirus 3 vector. In
some embodiments, the human expresses a human leukocyte antigen of serotype HLA-A2, HLA-A3, or

HLA-A24. In some embodiments, the first replication defective adenovirus vector comprises a deletion in
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an E2b gene region. In some embodiments, the first replication defective adenovirus vector further
comprises a deletion in an E1 gene region. In some embodiments, the first replication defective
adenovirus vector further comprises a deletion in an E3 gene region. In some embodiments, the first
replication defective adenovirus vector further comprises a deletion in an E4 gene region. In some
embodiments, the second replication defective adenovirus vector comprises a deletion in an E2b gene
region. In some embodiments, the second replication defective adenovirus vector further comprises a
deletion in an E1 gene region. In some embodiments, the second replication defective adenovirus vector
further comprises a deletion in an E3 gene region. In some embodiments, the second replication defective
adenovirus vector further comprises a deletion in an E4 gene region. In some embodiments, the first
composition, the second composition, or both, comprises at least 1.0x10", 2.0x10", 3.0x10", 3.5x10",
4.0x10", 4.5x10", 4.8x10", 4.9x10", 4.95x10", or 4.99x10" virus particles comprising the recombinant
nucleic acid vector. In some embodiments, the first composition, the second composition, or both,
comprises at most 7.0x10"", 6.5x10", 6.0x10", 5.5x10", 5.2x10"", 5.1x10"", 5.05x10", or 5.01x10"
virus particles. In some embodiments, the first composition, the second composition, or both, comprises
1.0-7.0x10" or 1.0-5.5x10"! virus particles. In some embodiments, the first composition, the second
composition, or both, comprises 4.5-5.5x10!! virus particles. [n some embodiments, the first composition,
the second composition, or both, comprises 4.8-5.2x10"" virus particles. In some embodiments, the first
composition, the second composition, or both, comprises 4.9-5.1x10"" virus particles. In some
embodiments, the first composition, the second composition, or both, comprises 4.95-5.05x10"! virus
particles. In some embodiments, the first composition, the second composition, or both, comprises 4.99-
5.01 x 10" virus particles. In some embodiments, the first phase is at least 2, 3, 4, 5, 6, 7, or 8 weeks. In
some embodiments, the second phase is at least 2, 3, 4, 5, 6, 7, or 8 months. In some embodiments, the
immune response is measured as antigen specific antibody response. In some embodiments, the immune
response is measured as antigen specific cell-mediated immunity (CMI). In some embodiments, the
immune responsc is measured as antigen specific [FN-y secretion. In some embodiments, the immune
response is measured as antigen specific IL-2 secretion. In some embodiments, the immune response
against the antigen is measured by ELISpot assay. In some embodiments, the antigen specific CMI is
greater than 25, 50, 75, 100, 150, 200, 250, or 300 IFN-y spot forming cells (SFC) per 10° peripheral
blood mononuclear cells (PBMC). In some embodiments, the immune response is measured by T-cell
lysis of CAP-1 pulsed antigen-presenting cells, allogeneic antigen expressing cells from a tumor cell line
or from an autologous tumor. In some embodiments, a first or a second replication defective adenovirus
infects dendritic cells in the human and wherein the infected dendritic cells present the antigen, thereby
inducing the immune response. In some embodiments, the administering steps comprise subcutancous
(sc) administration. In some embodiments, the human carries an inverse AdS neutralizing antibody titer

that is of greater than 50, 75, 100, 125, 150, 160, 175, 200, 225, 250, 275, or 300 prior to the
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administering step. In some embodiments, the human has an inverse AdS neutralizing antibody titer of
greater than 250, 500, 750, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, or 4767. In some
embodiments, the human is not concurrently being treated by any one of steroids, corticosteroids, and
immunosuppressive agents. In some embodiments, the human does not have an autoimmune disease. In
some embodiments, the human does not have inflammatory bowel disease, systemic lupus
erythematosus, ankylosing spondylitis, scleroderma, multiple sclerosis, viral hepatitis, or HIV. In some
embodiments, the human has or may have in the future an infectious discase.In some embodiments, the
human has autoimmune related thyroid disease or vitiligo. In some embodiments, the human has or may
have in the future a proliferative disease cancer. In some embodiments, the human has colorectal
adenocarcinoma, metastatic colorectal cancer, advanced MUC1-C, Brachyury, or CEA expressing
colorectal cancer, breast cancer, lung cancer, bladder cancer, or pancreas cancer. In some embodiments,
the human has at least 1, 2, or 3 sites of metastatic disease. In some embodiments, the human comprises
cells overexpressing MUC1-C, Brachyury, or CEA. In some embodiments, the cells overexpressing
MUCI1-C, Brachyury, or CEA, overexpress the MUC1-C, Brachyury, or CEA by at least 2, 3, 4, 5, 6, 7,
8,9, or 10 times over a baseline MUCI1-C, Brachyury, or CEA expression in a non-cancer cell. In some
cmbodiments, the cells overexpressing MUC 1-C, Brachyury, or CEA comprise cancer cells. In some
embodiments, the subject has a diagnosed disease predisposition. In some embodiments, the subject has a
stable disease. In some embodiments, the subject has a genetic predisposition for a disease. In some
embodiments, the disease is a cancer. In some embodiments, the cancer is selected from the group
consisting of prostate cancer, colon cancer, breast cancer, or gastric cancer. In some embodiments, the
cancer is prostate cancer. In some embodiments, the subject has a Gleason score of 6 or less. In some
embodiments, the subject has a Gleason score greater than 6. In some embodiments, the first or the
second replication defective adenovirus vector comprises a sequence with at least 80% sequence identity
to SEQ ID NO:3. In some embodiments, the first or the second replication defective adenovirus vector
comprises a region with at least 80% sequence identity to a region in SEQ ID NO:3 selected from 26048-
26177, 26063-26141, 1-103, 54-103, 32214-32315, and 32214-32262. In some embodiments, the first or
the second replication defective adenovirus vector comprises a region with at least 80% sequence identity
to a region in SEQ ID NO:3 between positions 1057 and 3165. In some embodiments, the first or second
replication defective adenovirus vector comprises a sequence encoding a MUC1-C, Brachyury, or CEA
antigen; wherein the MUC1-C antigen is encoded by a sequence with at least 80% sequence identity to
SEQ ID NO:5 or SEQ ID NO:6; wherein the Brachyury antigen is encoded by a sequence with at least
80% sequence identity to SEQ ID NO:7 or SEQ ID NO:8; wherein the CEA antigen is encoded by a
sequence with at least 80% sequence identity to SEQ ID NO:1, SEQ ID NO:2, or SEQ ID NO:3.

[0032] In one aspect a kit for inducing an immune response in a human is provided comprising; a

composition comprising a therapeutic solution of a volume in the range of 0.8-1.2 mL,, the therapeutic
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solution comprising at least 1.0x10"" virus particles; wherein the virus particles comprise a recombinant
replication defective adenovirus vector; a composition comprising of a therapeutic solution of a
molecular composition comprising an immune pathway checkpoint modulator and; instructions.

[0033] In some embodiments, the therapeutic solution comprises 1.0-5.5x10"! virus particles. In some
embodiments, adenovirus vector is capable of effecting overexpression of the modified MUC1-C,
Brachyury, or CEA in transfected cells. In some embodiments, therapeutic solution comprises a first,
second and third replication defective adenovirus vector each comprising an antigen selected from the
group consisting of a MUCI1-C antigen, a Brachyury antigen, a CEA antigen, and combinations thereof.
In some embodiments, the adenovirus vector comprises a nucleic acid sequence encoding an antigen that
induces a specific immune response against MUC1-C, Brachyury, or CEA expressing cells in a human.
In some embodiments, the immune pathway checkpoint modulator targets an endogenous imnne
pathway checkpoint protein or fragment thereof selected from the group consisting of: PD1, PDLI,
PDL2, CD28, CD80, CD86, CTLA4, B7RP1, ICOS, B7RPI, B7-H3, B7-H4, BTLA, HVEM, KIR, TCR,
LAG3, CDI137, CDI137L, OX40, OX40L, CD27, CD70, CD40, CD40L, TIM3, GAL9, ADORA, CD276,
VTCNI, IDO1, KIR3DL1, HAVCR2, VISTA, and CD244. In some embodiments, the molecular
composition comprises siRNAs, antisense, small molecules, mimic, a recombinant form of a ligand, a
recombinant form of a receptor, antibodies, or a combination thereof. In sorme embodiments, the
instructions are for the treatment of a proliferative disease or cancer. In some embodiments, the
instructions are for the treatment of an infectious disease. In some embodiments, the adenovirus vector
comprises a replication defective adenovirus 5 vector. In some embodiments, the therapeutic solution
comprises at least 1.0x10", 2.0x10"!, 3.0x10", 3.5x10"", 4.0x10", 4.5x10", 4.8x10"", 4.9x10",
4.95x10", or 4.99x10" virus particles comprising the recombinant nucleic acid vector. In some
embodiments, the therapeutic solution comprises at most 7.0x10'!, 6.5x10", 6.0x 10"}, 5.5x10'!, 5.2x10",
5.1x10", 5.05x10", or 5.01x10"" virus particles. In some embodiments, the therapeutic solution
comprises 1.0-7.0x10"" or 1.0-5.5x10"" virus particles. In some embodiments, the therapeutic solution
comprises 4.5-5.5x10'" virus particles. In some embodiments, the therapeutic solution comprises 4.8-
5.2x10" virus particles. In some embodiments, the therapeutic solution comprises 4.9-5.1x10"! virus
particles. In some embodiments, the therapeutic solution comprises 4.95-5.05x10! virus particles. In
some embodiments, the therapeutic solution comprises 4.99-5.01 x 10" virus particles In some
embodiments, the kit further comprises an immunogenic component. In some embodiments, the
immunogenic component comprises a cytokine selected from the group of IFN-y, TNFo IL-2, IL-8, IL-
12, IL-18, IL-7, IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13. In some embodiments, the immunogenic
component is selected from the group consisting of IL-7, a nucleic acid encoding IL-7, a protein with

substantial identity to I[L-7, and a nucleic acid encoding a protein with substantial identity to IL-7.
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[0034] Various embodiments of the claimed invention relate to a composition comprising: (a) a
recombinant, replication defective adenovirus 5 viral vector comprising an E2b gene region deletion, an
E1 gene region deletion, and a nucleotide sequence encoding a MUC] antigen; (b) a recombinant,
replication defective adenovirus 5 viral vector comprising an E2b gene region deletion, an E1 gene
region deletion, and a nucleotide sequence encoding a Brachyury antigen; and (c¢) a recombinant,
replication defective adenovirus 5 viral vector comprising an E2b gene region deletion, an E1 gene
region deletion, and a nucleotide sequence encoding a CEA antigen, wherein the MUC] antigen is a
MUCI1-C antigen.
[0034A] Various embodiments of the claimed invention also relate to a composition for treating a
subject in need thereof, wherein the composition comprises: a recombinant, replication defective
adenovirus 5 viral vector comprising an E2b gene region deletion, an E1 gene region deletion, and a
nucleotide sequence encoding a MUC] antigen, a recombinant, replication defective adenovirus 5 viral
vector comprising an E2b gene region deletion, an E1 gene region deletion, and a nucleotide sequence
encoding a Brachyury antigen; and a recombinant, replication defective adenovirus 5 viral vector
comprising an E2b gene region deletion, an E1 gene region deletion, and a nucleotide sequence
encoding a CEA antigen, characterized in that the composition is for administration to the subject in
need thereof; and induces an immune response against the MUC] antigen, the Brachyury antigen, or the
CEA antigen or cells expressing the MUCI antigen, the Brachyury antigen, or the CEA antigen,
wherein the subject in need thereof has cancer, wherein the MUC] antigen is a MUCI-C antigen.
BRIEF DESCRIPTION OF THE DRAWINGS
[0035] FIG. 1 exemplifies a bar graph showing antibody levels from mice immunized with AdS-
null (empty vector). Mice were immunized three times with Ad5-null viral particles (VPs) at 14 day
intervals. Anti-Ad antibody (neutralizing antibody) levels increased after each immunization.
[0036] FIG. 2 exemplifies a bar graph showing neutralizing antibody (NAb) levels from mice
immunized with Ad5-null. Mice were immunized three times with Ad5-null VPs at 14 day
intervals. Neutralizing antibody levels increased after each immunization. Optical density readings
indicate the presence of viable target cells.
[0037] FIG. 3 exemplifies a bar graph showing the induction of NAbs in C57Bl/6 mice after
injections with AdS-null vector platform. Increasing levels of NAbs were induced in mice after
repeated injections with Ad particles.
[0038] FIG. 4A exemplifies a bar graph showing INF-y levels secreted from splenocytes from
AdS5-immune mice immunized with AdS [E1-]-CEA or Ad5 [E1-, E2b-]-CEA. A significantly
elevated response is shown in the AdS [E1-, E2b-]-CEA immunized group.

-12 -

Date Regue/Date Received 2021-04-13



CA 2974237

[0039] FIG. 4B exemplifies a bar graph showing IL-2 secreted from splenocytes from AdS5-
immune mice immunized with AdS [E1-]-CEA or AdS [E1-, E2b-]-CEA. A significantly elevated
response is shown in the Ad5 [E1-, E2b-]-CEA immunized group.

[0040] FIG. 5 exemplifies a bar graph showing serum aspartate aminotransferase (AST) levels in
control mice and mice vaccinated with 1x10'® Ad5 [E1-]-CEA VPs or Ad5 [E1-, E2b-]-CEA VPs.
[0041] FIG. 6 exemplifies a line graph showing tumor volume over time in Ad5-immune
C57B1/6 mice injected with MC38 CEA-expressing tumor cells and subsequently treated (Vac)
with AdS

[E1-, E2b-]-CEA vaccine. Tumor size is shown to be significantly reduced by days 19-21 compared
to untreated tumor-bearing mice.

[0042] FIG. 7 exemplifies a graph showing tumor weight from 7 treated and 7 untreated AdS-
immune MC38 tumor-bearing mice. A significant (p=0.0124) reduction in tumor weight in mice
treated with Ad5 [E1-, E2b-]-CEA is shown.

[0043] FIG. 8 is an immunoblot using a mouse monoclonal antibody against Gag and
exemplifies Gag production by A549 cells infected with AdS [E1-, E2b-]-Gag. A549 whole cell
lysate was infected with AdS [E1-, E2b-]-gag or Ad5-null at a multiplicity of infection (MOI) of
200 for 44 h. The upper band (55kDa) comprises the gag precursor. The lower band (41kDa)
comprises the pl7/p24 gag complex.
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[0044] FIG. 9 is a graph exemplifying the effect of multiple immunizations on inducing a greater cell-
mediated immunity (CMI) response. Ad5-Naive BALB/C mice (n=5/group) were immunized once or
three times at 14 day intervals with 1x10'° Ad5 [El1-]-null VPs, Ad5 [E1-, E2b-]-null VPs, Ad5 [E1-]-
Gag VPs, Ad5 [El-, E2b-]-Gag VPs, or buffer alone. IFN-y sccretion from splenocytes was assessed by
ELISpot analysis 14 days after the final immunization. Positive control splenocytes were exposed to
Concanavalin A (Con A).

[0045] FIG. 10A exemplifies results of an ELISpot INF-y analysis of peripheral blood mononuclear cells
(PBMCs) from Cynomolgus Macaques (n=3) pre-immunized against wild type AdS. Elevated levels of
INF-y induction (P<<0.05) are shown. Positive control splenocytes were exposed to Con A.

[0046] FIG. 10B exemplifies the results of an ELISpot IL-2 analysis from FIG 10A.

[0047] FIG. 11 exemplifies a graph depicting the number of spot-forming cells (SFCs) from mice
vaccinated with recombinant Ad5 CEA expression vectors secreting IFN-y. The reduction in SFCs from
mice vaccinated with Ad5 [El-, E2b-]-CEA compared to the reduction in SFCs from AdS

[E1-]-CEA vaccinated mice is shown.

[0048] FIG. 12A exemplifies a Kaplan-Meier survival plot of 7 patients in cohorts 1 and 2 treated with
AdS5 [E1-, E2b-]-CEA(6D).

[0049] FIG. 12B exemplifies a Kaplan-Meier survival plot of 21 patients in cohort 3 and Ph II treated
with Ad5 [E1-, E2b-]-CEA(6D).

[0050] FIG. 12C exemplifies a Kaplan-Meier survival plot of 6 patients in cohort 5 treated with Ad5
LEL-, E2b-]-CEA(6D).

[0051] FIG. 12D exemplifies a Kaplan-Meier survival plot of all 34 patients treated with Ad3

[ElL-, E2b-]-CEA(6D).

[0052] FIG. 13A exemplifies a Kaplan-Meier survival plot of 28 cancer patients treated three times with
AdS [El-, E2b-]-CEA(6D).

[0053] FIG. 13B exemplifies a Kaplan-Meier survival plot of 27 colorectal cancer patients treated with
AdS5 [El-, E2b-]-CEA(6D).

[0054] FIG. 14 exemplifies CEA-directed CMI responses in treated patients. CMI (IFN-7 secretion) was
assessed at baseline (Pre) and after administrations of AdS [El-, E2b-]-CEA(6D) (Post). The highest
CMI responses (regardless of time point) observed in the patients after treatment showed a dose response.
The highest CMI levels occurred in patients that received the highest dose of 5x10'! VP (Cohort 5). The
CMI responses were significantly elevated for Cohort 3/Phase II (p=0.0002; Mann-Whitney test) and
Cohort 5 (p=0.0317; Mann-Whitney test) as compared to their baseline (Pre) values. Response specificity
was shown by the lack of reactivity with the irrelevant antigens

B-galactosidase and HIV -gag. Positive control PBMCs were exposed to Con A.
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[0055] FIG. 15 exemplifies CEA directed CMI responses in treated patients. CMI (IFN-y secretion) was
assessed at baseline (week 0) and 3 weeks after the last immunotherapy (week 9) for patients in all 4-dose
cohorts. A dose response is shown and the highest CMI level occurred in patients that received the
highest dose. The CMI response with the highest dose was significantly elevated (P<0.02; Mann-Whitney
test). Response specificity was shown by the lack of reactivity with the irrelevant antigens -
galactosidase and HIV-gag. Positive control PBMCs were exposed to Con A.

[0056] FIG. 16A exemplifies Ad5 immune responses in patients receiving immunizations with Ad5 [E1-
, E2b-]-CEA(6D) vaccine. AdS NAD titers to Ad5 were determined in patients at baseline (week 0) and 3
weeks (week 9) after the third immunization. The number of IFN-y secreting PBMCs from patients
specific for AdS was determined by ELISpot. The Ad5 NAD titers were significantly elevated at week 9
(p<0.0001; Mann-Whitney test).

[0057] FIG. 16B exemplifies AdS immune responses in patients receiving immunizations with AdS [E1-
, E2b-]-CEA(6D) vaccine. CMI responscs were determined 1n patients at baseline (week 0) and 3 weeks
(week 9) after the third immunization. The number of IFN-y secreting PBMCs from patients specific for
Ad5 was determined by ELISpot. The Ad5 CMI responses were significantly elevated at week 9 (P <
0.01; Mann-Whitney test).

[0058] FIG. 17A ecxemplifies CEA-specific immunity in patients receiving immunizations with Ad5
[E1l-, E2b-]-CEA(6D) vaccine and comparisons with AdS immunity. The mean CEA specific immune
responses in patients (n=19) who received 1x10'' VP of Ad5 [E1-, E2b-]-CEA(6D) as measured by IFN-y
secretion of PBMC in patients with none to low pre-existing Ad5 immunity (NAb<200) is shown
compared to the CEA specific immune response of patients with high pre-existing AdS immunity
(NADb=200) prior to the initiation of treatment with AdS

[El-, E2b-]-CEA(6D). There was no significant difference between the two groups at any time point
tested (p>0.4, Mann-Whitney lest)

[0059] FIG. 17B exemplifies a plot of the correlation between pre-existing Ad5 NAb activity and the
highest levels of induced CEA CMI responses. The 1’ value (0.0155) indicates there is no correlation
between pre-existing Ad5 NAb activity and CEA CMI ELISpot responses.

[0060] FIG. 17C exemplifies a plot of the correlation between vector induced Ad5 NAb activity and
CEA CMI responses. The r* value (0.0069) indicates there is no correlation between vector-induced Ad3
NADb activity and CEA CMI ELISpot responses.

[0061] FIG. 18 exemplifies a Kaplan-Meier survival plot demonstrating the effect of Ad5

[El-, E2b-]-CEA(6D) immunotherapy in 32 metastatic colorectal cancer patients (mCRC) patients treated
with Ad5 [El-, E2b-]-CEA(6D).

[0062] FIG. 19 cxemplifies CMI responses (IFN-y secretion) at baseline (Pre-immunized) and after
administrations of Ad5 [El-, E2b-]-CEA(6D) (Post- immunized) in mCRC patients. The highest CMI
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responses (regardless of time point) observed in the patients after treatment revealed a dose response. The
highest CMI levels occurred in patients receiving the highest dose (Cohort 5) and were significantly
elevated (p<0.02; Mann-Whitney test). Response specificity is shown by lack of reactivity with irrelevant
antigens B-galactosidase and HIV-gag. For positive controls, PBMCs were exposed to Con A.

[0063] FIG. 20 exemplifies CMI responses (ELISpot IFN-y SFCs) in immunized mCRC patients
assessed at weeks 0, 3, 6, and 9. CMI responses increased during immunizations.

[0064] FIG. 21 exemplifies cytotoxic T-cell (CTL) mediated cytotoxicity responses (ELISpot granzyme
B secreting SFCs) assessed for pre-immunized (week 0) and post-immunized (weeks 6-9) treatments.
Responses increased after immunizations (P < 0.05, Wilcoxon test).

[0065] FIG. 22 exemplifies CMI responses in follow-up PBMC samples from 5 immunized mCRC
patients as assessed by ELISpot IFN-y SFCs. CMI responses peaked at week 9 and decreased by week 26
after treatment was stopped.

[0066] FIG. 23 exemplifies CMI responses in mice immunized against CEA, MUCI, and Brachyury as
assessed by ELISpot assays for [FN-y secretion from splenocytes (IFN-y SFCs). IFN-y SFCs were
detected in multi-targeted immunized mice (CEA(6D), mMUCI1-C, and Brachyury) but not control mice
injected with Ad5-Null (empty vector). Response specificity of the ELISpot assay was confirmed by lack
of reactivity to irrelevant SIV-nef or STV-vif peptide antigens. A positive control included cells exposed
to Con A.

[0067] FIG. 24A exemplifies a bar graph of results from flow cytometry on polyfunctional CD8a+
splenocyte cells expressing IFN-y and TNF-o in mice immunized with CEA(6D), mMUCI-C, and
Brachyury, but not in controls injected with Ad5-null. Specificity of the responses was confirmed by lack
of reactivity to media alone or irrelevant SIV-nef or SIV-vif peptides.

[0068] FIG. 24B exemplifies a bar graph of results from flow cytometry on polyfunctional CD4+
splenocyte cells expressing [FN-y and TNF-o in mice immunized with CEA(6D), mMUCI1-C, and
Brachyury, but not in controls injected with Ad5-null. Specificity of the responses was confirmed by lack
of reactivity to media alone or irrelevant SIV-nef or SIV-vif peptides.

[0069] FIG. 25A exemplifics a bar graph showing statistical significance (p<0.0001) of CEA antibody-
dependent cellular cytotoxicity (ADCC) responses induced in mice immunized with CEA(6D), mMUCI1 -
C, and Brachyury, but not in control mice.

[0070] FIG. 25B exemplifies a bar graph showing statistical significance (p<0.0001) of CEA
complement-dependent cellular cytotoxicity (CDCC) responses induced in mice immunized with
CEA(6D), mMUC1-C, and Brachyury, but not in control mice.

[0071] FIG. 26A exemplifies results from C57B1/6 mice (n=7/group) subcutaneously inoculated in the
left flank with MC38 tumor cells expressing MUCI tumor cells and administered 1x10'°
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Ad5-null VPs or 1x10'" Ad5 [El-, E2b-]-mMUC1-C VPs in the right flank on days 0, 7, 14. Mice treated
with AdS [El-, E2b-]-mMUCI-C had significantly (p<0.05) smaller tumors on days 15 and L8 compared
to controls and significantly longer survival. Experiments were terminated on day 36.

[0072] FIG. 26B exemplifies that the mice treated with Ad5 [El-, E2b-]-mMUCI-C as described for
Fig. 26A had significantly (p<0.05) longer survival on days 15 and 18 compared to controls.

[0073] FIG. 27 exemplifies results from C57B1/6 mice subcutaneously inoculated in the left flank with
MC38 tumor cells expressing Brachyury and administered 1x10'® Ad5-null VPs (n=4) or 1x10'° Ad5
[E1l-, E2b-]-Brachyury VPs (n=5) in the right flank on days 5, 11, and 17. Tumors were smaller in treated
mice on days 15, 19, and 22.

[0074] FIG. 28 exemplifies the effects of HPV immunotherapy in C57Bl/6 mice (n=7/group) implanted
with HPV-E6/E7 expressing TC-1 tumor cells (day 0) and treated by immunotherapy on days 10, 17, 24
with 1x10'® Ad5-null VPs plus 100 pg control IgG (intraperitoneal), 1x10'° Ad5-null VPs plus 100 pg
anti-PD1, 1x10'° AdS [El-, E2b-]-HPV-E6/E7 VPs plus 100 pug mouse IgG, or 1x10' Ad5 [El-, E2b-]-
HPV-E6/E7 VPs plus 100 pg anti-PD1. Immunotherapy with or without anti-PD1 resulted in significant
inhibition of tumor growth by day 23 (p<0.05). All control mice were terminated by day 23 due to tumor
mass.

[0075] FIG. 29 exemplifies combination multi-targeted HPV immunotherapy effects on tumor growth
and regression in 2 mice treated by immunotherapy with anti-PD1 injections in FIG. 28. Tumor growth
peaked on days 20 and 27, respectively, and then regressed thereafter.

[0076] FIG. 30A exemplifies expression of Brachyury protein in human dendritic cells (DCs) infected
with Ad5 [E1-, E2b-]-Brachyury. SW620 tumor cells were used as positive control. Actin was used as a
loading control. Expression of Brachyury was robust in DCs infected with AdS [E1-, E2b-]-Brachyury.
[0077] FIG. 30B excmplifies expression of MUCI protein in human DCs infected with Ad3

[El-, E2b-]-MUCI1. SW620 tumor cells were used as positive control. Actin was used as a loading
control. MUC expression was observed in human DCs infected with Ad5 [E1-, E2b-]-MUC!1 vector as
compared to DCs infected with Ad5 [E1-, E2b-]-null.

[0078] FIG. 31A exemplifies analyses of IFN-y secreted from splenocytes from C57B1/6 mice (n =
5/group) vaccinated three times at 2-week intervals with 1x10' Ad5 [E1-, E2b-]-Brachyury VPs, 1x10'°
Ad5 [El-, E2b-]-CEA VPs, 1x10'° Ad5 [El-, E2b-]-MUC1 VPs, or Tri-Ad5 (1:1:1 mixture of 1x10'° Ad5
[El-, E2b-]-Brachyury VPs, 1x10'° Ad5 [El-, E2b-]-CEA VPs, and 1x10'° Ad5

[El-, E2b-]-MUC1 VPs). Controls received 3x10'° AdS-null VPs. Splenocytes were collected 14 days
after the final vaccination and assessed for IFN-y secretion by ELISpot assay. Positive control
splenocytes were exposed to Con A. Significant differences (p<<0.05) between columns are reported in p-

values. Not significant = ns.
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[0079] FIG. 31B exemplifies analyses of IL-2 secreted from splenocytes from the vaccinated mice
described in FIG. 31A. Splenocytes were assessed for IL-2 secretion by ELISpot assay.

[0080] FIG. 32A exemplifies a graph of analyses of CD&" and multifunctional cellular populations
following vaccination of C57Bl/6 mice (n=5/group) vaccinated three times at 2-week intervals with
1x10' Ad5 [El-, E2b-]-Brachyury VPs, 1x10'° Ad5 [El-, E2b-]-CEA VPs, 1x10" Ad5

[El-, E2b-]-MUC1 VPs or Tri-Ad5 (1:1:1 mixture of 1x10'"" AdS [E1-, E2b-]-Brachyury VPs, 1x10'°Ad5
[El-, E2b-]-CEA VPs, and 1x10'°Ad5 [El-, E2b-]-MUC1 VPs). Controls received 3x10'° Ad5 [El-,
E2b-]-null VPs. Splenocytes were collected 14 days after the final vaccination and were assessed by
FACS for CD8a" cells secreting [FN-y and TNF-a. Positive control splenocytes were exposed to Con A.
[0081] FIG. 32B exemplifies a graph of FACS analyses of CD4" cells and multifunctional cellular
populations from the vaccinated mice described in FIG. 32A.

[0082] FIG. 32C exemplifies a graph of FACS analyses of CD8a" cells secreting IFN-y and TNF-« from
the vaccinated mice described in FIG. 32A.

[0083] FIG. 32D exemplifies a graph of FACS analyses of CD4" cells secreting IFN-y and TNF-o, from
the vaccinated mice described in FIG. 32A.

[0084] FIG. 33A exemplifies an ELISA analysis of CEA IgG levels in mice vaccinated three times with
1x10" Ad5 [El-, E2b-]-CEA VPs, Tri-Ad5 (1:1:1 mixture of 1x10'° Ad5

[El-, E2b-]-Brachyury VPs, 1x10'°Ad5 [El-, E2b-]-CEA VPs, and 1x10'°Ad5 [El-, E2b-]-MUC1 VPs),
or 3x10'° Ad5 [E1-, E2b-]-null VPs.

[0085] FIG. 33B exemplifies a CDC assay against MC38-CEAZ2 cells using the mice described in FIG.
33A.

[0086] FIG. 34 exemplifies effects of immunotherapy on tumor volume in C57Bl/6 mice (n=7/group)
inoculated subcutancously in the left flank with 1x10® MC-38-MUC] cells and 1x10'° Ad5 [El-, E2b-]-
MUCI VPs or Tri-Ad5 (1:1:1 mixture of 1x10'°Ad5 [E1-, E2b-]-CEA VPs, 1x10'°Ad5 [El-, E2b-]-
MUCI VPs, and 1x10'° Ad5 [El-, E2b-]-Brachyury VPs (3x10'° VP total)). Control mice received 3x10"°
Ad5 [El-, E2b-]-null VPs. (*) indicates days when Ad5 [El-, E2b-]-MUCT1 treated mice had significantly
smaller (p<0.05) tumors than control mice and (*) indicates days when Tri-Ad5—treated mice had
significantly smaller (p<0.05) tumors than control mice. No significant difference (p>0.1) between Ad5
[E1l-, E2b-]-MUC1 and Tri-Ad5-treated mice was seen.

[0087] FIG. 35 cxcmplifics an immunoblot showing expression of CEA in A549 cells infected with AdS
[E1l-, E2b-]-CEA. (A) Negative Control. (B) Protein molecular weight marker. (C) Negative. (D) CEA
Reference Material (30 ng). (E) Ad5 [El-, E2b-]-CEA lysate (20 uL). (F) Ad5

[E1-, E2b-]-CEA lysate (20 pL). (G) Negative A549 cells. Recombinant CEA was used as a positive

control and uninfected A549 cells served as a negative control.
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[0088] FIG. 36 exemplifies CMI dose responses as measured by ELISpot of splenocytes from C57BL/6
mice (n=5/group) immunized three times at 14-day intervals with doses of 1x10%, 1x10° or 1x10'" Ad5S
[E1-, E2b-]-E6/E7 VPs and assessed 14 days after the final immunization. The greatest induction of CMI
was achieved with the 1x10'° VP dose. Positive control splenocytes were exposed to Con A.

[0089] FIG. 37A exemplifies activation of CD8-a/IFN-y" splenocytes after immunization of C57BL/6
mice (n=5/group) immunized three times at two week intervals with 1x10'° VP Ad5

[El-, E2b-]-E6/E7 VPs. Controls received 1x10'° Ad5 [E1-, E2b-]-null VPs. Splenocytes collected 14
days after the final immunization were assessed by flow cytometry for. For positive controls, splenocytes
were exposed to PMA/ionomycin.

[0090] FIG. 37B exemplifies activation of CD8-o/IFN-y/TNF-a" splenocytes after immunization of
mice as described in FIG. 37A.

[0091] FIG. 38A exemplifies changes in tumor size from immunotherapy of C57BL/6 mice (n=5/group)
implanted on day 0 with 2x10° non-palpable HPV-E6/E7 TC-1 tumor cells and administered 1x10' Ad5
[El-, E2b-]-null VPs or 1x10'° Ad5 [El-, E2b-]-E6/E7 VPs on days 1, & and 15. Tumor size was
determined and volumes calculated according to the formula V = (a* x b)/2. Analysis of significance was
performed between experimental and vector control groups using unpaired t-tests and significance is
denoted by * (p<0.05) and ** (p<0.01).

[0092] FIG. 38B exemplifies a survival curve of the mice as described in FIG. 38 A that was plotted and
compared using the Mantel-Cox test. Significance is denoted by ** (p<0.01).

[0093] FIG. 39A exeinplifics changes in tuimor size from immunotherapy of C57BL/6 mice (n—4/group)
implanted on day 0 with 2x10° small palpable HPV-E6/E7 TC-1 tumor cells and administered 1x10'°
Ad5 [El-, E2b-]-null VPs or 1x10'° Ad5 [El-, E2b-]-E6/E7 VPs on days 6, 13 and 20. Tumor size was
determined and volumes calculated according to the formula V = (a® x b)/2. Analysis of significance was
performed between experimental and vector control groups using unpaired t-tests and significance is
denoted by ** (p<0.01).

[0094] FIG. 39B exemplifies a survival curve of the mice as described in FIG. 39A that was plotted and
compared using the Mantel-Cox test. Significance is denoted by ** (p<0.01).

[0095] FIG. 40A exemplifies changes in tumor size from immunotherapy of C57BL/6 mice (n=4/group)
implanted on day 0 with 2x10° large established HPV-E6/E7 TC-1 tumor cells and administered 1x10'
AdS [El-, E2b-]-null VPs or 1x10'° Ad5 [El-, E2b-]-E6/E7 VPs on days 13,20 and 27. Tumor size was
determined and volumes calculated according to the formula V = (a® x b)/2. Analysis of significance was
performed between experimental and vector control groups using unpaired t-tests and significance is
denoted by ** (p<0.01).

[0096] FIG. 40B exemplifies a survival curve of the mice as described in FIG. 40A that was plotted and
compared using the Mantel-Cox test. Significance is denoted by ** (p<0.01).
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[0097] FIG. 41 A exemplifies changes in tumor size from C57BL/6 mice (n=7/group) inoculated on day
0 with 2x10° TC-1 tumor cells and administered treatments on days 10, 17, and 24 with 1x10'° Ad5 [El-,
E2b-]-null VPs plus 100 pg of isotype control rat IgG. Tumor size was determined and volumes
calculated according to the formula V = (a? x b)/2. Tumor growth kinetics represents individual mice in
each group.

[0098] FIG. 41B exemplifies changes in tumor size from C57BL/6 mice (n=7/group) inoculated on day
0 with 2x10° TC-1 tumor cells and administered treatments on days 10, 17, and 24 with 1x10'° Ad5 [E1-,
E2b-]-null VPs plus 100 pg anti-PD1 antibody.

[0099] FIG. 41C exemplifies changes in tumor size from C57BL/6 mice (n=7/group) inoculated on day
0 with 2x10° TC-1 tumor cells and administered treatments on days 10, 17, and 24 with 1x10'° Ad5 [El-,
E2b-]-E6/E7 VPs plus 100 pg isotype control rat IgG.

[00100] FIG. 41D exemplifies changes in tumor size from C57BL/6 mice (n=7/group) inoculated on
day 0 with 2x10° TC-1 tumor cells and administered treatments on days 10, 17, and 24 with 1x10" Ad5
[E1-, E2b-]-E6/E7 VPs plus 100 ug anti-PD1.

[00101] FIG. 42 exemplifies a survival curve for C57BL/6 mice (n=7/group) treated as those in FIGs.
41A-D. The experiment was terminated on day 52 following tumor implantation, Mice treated with AdS
[E1l-, E2b-]-E6/E7 and control antibody exhibited significantly (p < 0.008) longer survival compared to
both groups of control mice (Ad5 [El-, E2b-]-null and control antibody or Ad5 [El-, E2b-]-null and anti-
PD1 antibody). 2 of 7 (29%) Ad5 [El-, E2b-]-E6/E7 and control antibody treated mice remained alive at
day 52. Mice treated with Ad5 [El-, E2b-]-E6/E7 plus anti PD1 antibody exhibited significantly (p <
0.0006) longer survival as compared to both groups of controls. 4 of 7 (57%) Ad5 [E1-, E2b-]-E6/E7 plus
anti-PD1 antibody treated mice remained alive at day 52.

[00102] FIG. 43A exemplifies that AdS [El-, E2b-]-E6/E7 promotes the recruitment of CD8+ tumor-
infiltrating lymphocytes (TILs) into TC-1 tumors. C57BL/6 mice (n=5/group) were implanted with
2x105 TC-1 tumor cells. Twelve days after implantation mice began treatment with AdS [E1-, E2b-]-null
empty vector plus control IgG, Ad5 [El-, E2b-]-null plus anti-PD1, Ad5 [E1-, E2b-]-E6/E7 plus control
1gG, or Ad5 [EL-, E2b-]-E6/E7 plus anti-P-1. Vaccine was administered subcutaneously weekly and anti-
PDI antibodies were administered via intraparietal injection every 3-4 days and tumors were analyzed on
day 27. Ad5 [El-, E2b-]-E6/E7 treatment significantly decreases the ratio of Treg/CD8&+ TILs. Analysis
of significance was performed using unpaired t-tests and significance is denoted by ns (p>0.05), *
(p<0.05), ** (p<0.01), *** (p<0.001), or **** (p<0.0001).

[00103] FIG. 43B cxemplifies that the reduction in the ratio of Treg/CD8+ TILs of FIG. 43A reduction
is not driven by a reduction in the number of Tregs.

[00104] FIG. 43C exemplifies that the reduction in the ratio of Treg/CD8+ TILs of FIG. 43A is driven

through an increase in the number of CD8+ TILs.
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[00105] FIG.44A exemplifies that Ad5 [El-, E2b-]-E6/E7 plus anti-PD1 antibody combination therapy
promotes a pro-inflammatory tumor microenvironment. C57BL/6 mice (n=5/group) were tumor
implanted, treated, and tumors were analyzed as in FIGs. 43A-C. The frequency of PD17CD4" and
CD8" TILs is increased in tumors from mice treated with AdS [E1-, E2b-]-E6/E7. Tumors from mice
treated with a combination of Ad5 [E1-, E2b-]-E6/E7 and anti-PD1 have a significantly lower frequency
of PD1" CD4" and CD8" TILs (A), LAG-3" CD8" TILs (B), and (C). Analysis of significance was
performed using unpaired t-tests and significance is denoted by ns (p>0.053),
* (p<0.05), ** (p<0.01), or *** (p<0.001).
[00106] FIG.44B exemplifies that tumors from mice treated with a combination of Ad5
[El-, E2b-]-E6/E7 and anti-PD1 as in FIG. 44A have a significantly lower frequency of LAG-3" CD8"
TILs bringing these levels more in line with tumors from control mice.
[00107] FIG.44C exemplifies that tumors from mice treated with a combination of Ad5
[El-, E2b-]-E6/E7 and anti-PD1 as in FIG. 44A have a significantly reduced expression level of PDL1.
DETAILED DESCRIPTION OF THE INVENTION
[00108] The following passages describe different aspects of the invention in greater detail. Each aspect
of the invention may be combined with any other aspect or aspects of the invention unless clearly
indicated to the contrary. In particular, any feature indicated as being preferred or advantageous may be
combined with any other feature of features indicated as being preferred or advantageous.
[00109] Unless otherwise indicated, any embodiment can be combined with any other embodiment. A
variety of aspects of this invention can be presented in a range format. It should be understood that the
description in range format is merely for convenience and brevity and should not be construed as an
inflexible limitation on the scope of the invention. Accordingly, the description of a range should be
considered to have specifically disclosed all the possible subranges as well as individual numerical values
within that range as if explicitly written out. For example, description of a range such as from 1 to 6
should be considered to have specifically disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to
5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well as individual numbers within that range, for example,
1,2, 3,4, 5, and 6. This applies regardless of the breadth of the range. When ranges are present, the
ranges include the range endpoints.
[00110] Compared to first generation adenovirus vectors, certain embodiments of the Second
Generation E2b deleted adenovirus vectors of the present invention contain additional deletions in the
DNA polymerase gene (pol) and deletions of the pre-terminal protein (pTP). E2b deleted vectors have up
to a 13 kb gene-carrying capacity as compared to the 5 to 6 kb capacity of First Gencration adenovirus
vectors, easily providing space for nucleic acid sequences encoding any of a variety of target antigens.
The E2b deleted adenovirus vectors also have reduced adverse reactions as compared to first generation

adenovirus vectors.
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[00111] The innate immune response to wild type Ad can be complex, and it appears that Ad proteins
expressed from adenovirus vectors play an important role. Specifically, the deletions of pre-terminal
protein and DNA polymerase in the E2b deleted vectors appear to reduce inflammation during the first 24
to 72 h following injection, whereas First Generation adenovirus vectors stimulate inflammation during
this period. In addition, it has been reported that the additional replication block created by E2b deletion
also leads to a 10,000 fold reduction in expression of Ad late genes, well beyond that afforded by E1, E3
deletions alone. The decreased levels of Ad proteins produced by E2b deleted adenovirus vectors
effectively reduce the potential for competitive, undesired, immune responses to Ad antigens, responses
that prevent repeated use of the platform in Ad immunized or exposed individuals. The reduced induction
of inflammatory response by second generation E2b deleted vectors results in increased potential for the
vectors to express desired vaccine antigens during the infection of antigen presenting cells (i.e., dendritic
cells), decreasing the potential for antigenic competition, resulting in greater immunization of the vaccine
to the desired antigen relative to identical attempts with First Generation adenovirus vectors. E2b deleted
adenovirus vectors provide an improved Ad-based vaccine candidate that is safer, more effective, and
more versatile than previously described vaccine candidates using First Generation adenovirus vectors.
Thus, first gencration, El-deleted Adenovirus subtype 5 (Ad5)-based vectors, although promising
platforms for use as cancer vaccines, are impeded in activity by naturally occurring or induced Ad-
specific neutralizing antibodies. Without being bound by theory, Ad5-based vectors with deletions of the
E1 and the E2b regions (Ad5 [E1-, E2b-]), the latter encoding the DNA polymerase and the pre-terminal
protein, for example by virtue of diminished late phase viral protein expression, may avoid
immunological clearance and induce more potent immune responses against the encoded tumor antigen
transgene in Ad-immune hosts.

[00112] The present invention relates to methods and compositions (e.g., viral vectors) for generating
immune responses against target antigens, in particular, those associated or related to infectious disease
or proliferative cell discase such as cancer. The present invention relates to methods and compositions for
generating immune responses in an individual against target antigens, in particular, those related to cell
proliferation diseases such as cancer. In various aspects of the invention, compositions and methods
described herein relate to generating an immune response in an individual against cells expressing and/or
presenting a target antigen or a target antigen signature comprising at least one target antigen. The
present invention provides compositions and methods for immunotherapy against human papilloma virus
(HPV) using a viral gene delivery platform to immunize against HPV genes E6 and E7 combined with
PDI checkpoint blockade. These compositions and methods utilize an AdS [El-, E2b-]-E6/E7 vaccine
combined with an immune pathway checkpoint modulator.

[00113] The compositions and methods can be used to generate an immune response against a target

antigen expressed and/or presented by a cell. For example, the compositions and methods can be used to
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generate immune responses against a carcinoembryonic antigen (CEA), such as CEA expressed or
presented by a cell. For example, the compositions and methods can be used to generate an immune
response against CEA(6D) expressed or presented by a cell. For example, the compositions and methods
can be used to generate an immune response against Mucin 1 (MUC1) expressed and/or presented by a
cell. For example, the compositions and methods can be used to generate an immune response against
MUCIc expressed and/or presented by a cell. For example, the compositions and methods can be used to
generate an immune response against Brachyury (T protein (T)) expressed and/or presented by a cell.
[00114] The compositions and methods can be used to generate an immune response against multiple
target antigens expressed and/or presented by a cell. For example, the compositions and methods can be
used to generate an immune response against MUClc, T, or any combination thereof. For example, the
compositions and methods can be used to generate an immune response against T and CEA. For
example, the compositions and methods can be used to generate an immune response against MUCl ¢ and
CEA. For example, the compositions and methods can be used to generate an immune response against
MUCI and T. For example, the compositions and methods can be used to generate an immune response
against MUClc, T, and CEA.

[00115] A modified form of CEA, MUClc¢, or T can be used in a vaccine directed to raising an immune
response against CEA, MUClc, or T, or cells expressing and/or presenting CEA, MUClc, or T. In
particular, the present invention provides an improved Ad-based vaccine such that multiple vaccinations
against one or more antigenic target entity can be achieved. In some embodiments, the improved Ad-
based vaccine comprises a replication defective adenovirus carrying a target antigen, a fragment, a
variant or a variant fragment thereof, such as Ad5 [E1-,E2b-]-CEA(6D). Variants or fragments of target
antigens, such as CEA, MUClg¢, or T, can be selected based on a variety of factors, including
immunogenic potential. A mutant CEA, CEA(6D) can utilized for its increased capability to raise an
immune response relative to the CEA(WT). Importantly, vaccination can be performed in the presence of
preexisting immunity to the Ad or administered to subjects previously immunized multiple times with the
Ad vector of the present invention or other Ad vectors. The Ad vectors can be administered to subjects
multiple times to induce an immune response against an antigen of interest, such as CEA, MUCl¢, or T,
including but not limited to, the production of antibodies and CMI responses against one or more target
antigens.

[00116] The following passages describe different aspects of the invention in greater detail. Each aspect
of the invention may be combined with any other aspect or aspects of the invention unless clearly
indicated to the contrary. In particular, any feature indicated as being preferred or advantageous may be
combined with any other feature of features indicated as being preferred or advantageous. As used herein,

[Tt}

unless otherwise indicated, the article “a” means one or more unless explicitly otherwise provided for. As
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used herein, unless otherwise indicated, terms such as “contain,” “containing,” “include,” “including,”
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and the like mean “comprising.” As used herein, unless otherwise indicated, the term “or” can be
conjunctive or disjunctive. As used herein, unless otherwise indicated, any embodiment can be combined
with any other embodiment.

[00117] An “adenovirus” (Ad) refers to non-enveloped DNA viruses from the family Adenoviridae.
These viruses can be found in, but are not limited to, human, avian, bovine, porcine and canine species.
The present invention contemplates the use of any Ad from any of the four genera of the family
Adenoviridae (e.g., Aviadenovirus, Mastadenovirus, Atadenovirus and Siadenovirus) as the basis of an
E2b deleted virus vector, or vector containing other deletions as described herein. In addition, several
serotypes are found in each species. Ad also pertains to genetic derivatives of any of these viral
serotypes, including but not limited to, genetic mutations, deletions or transpositions.

[00118] A “helper adenovirus” or “helper virus” refers to an Ad that can supply viral functions that a
particular host cell cannot (the host may provide Ad gene products such as El proteins). This virus is
used to supply, in trans, functions (e.g., proteins) that are lacking in a second virus, or helper dependent
virus (e.g., a gutted or gutless virus, or a virus deleted for a particular region such as E2b or other region
as described herein); the first replication-incompetent virus is said to “help” the second, helper dependent
virus thereby permitting the production of the second viral genome 1n a cell.

[00119] An “adenovirus 5 null (Ad5-null)” refers to a non-replicating Ad that does not contain any
heterologous nucleic acid sequences for expression.

[00120] A “first generation adenovirus” refers to an Ad that has the early region 1 (E1) deleted. In
additional cases, the early region 3 (E3) may also be deleted.

[00121] “Gutted” or “gutless” refers to an Ad vector that has been deleted of all viral coding regions.
[00122] “Transfection” refers to the introduction of foreign nucleic acid into eukaryotic cells.
Exemplary means of transfection include calcium phosphate-DNA co-precipitation, DEAE-dextran-
mediated transfection, polybrene-mediated transfection, electroporation, microinjection, liposome fusion,
lipofection, protoplast fusion, retroviral infection, and biolistics.

[00123] “Stable transfection™ ar “stably transfected” refers to the introduction and integration of
foreign nucleic acid, DNA or RNA, into the genome of the transfected cell. The term “stable
transfectant” refers to a cell which has stably integrated foreign DNA into the genomic DNA.

[00124] A “reporter gene” indicates a nucleotide sequence that encodes a reporter molecule (e.g., an
enzyme). A “reporter molecule” is detectable in any of a variety of detection systems, including, but not
limited to, enzyme-based detection assays (e.g., ELISA, histochemical assays), fluorescent, radioactive,
and luminescent systems. The E. coli B-galactosidase gene, green fluorescent protein (GFP), the human
placental alkaline phosphatase gene, the chloramphenicol acetyltransferase (CAT) gene; and other

reporter genes may be employed.
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[00125] A “heterologous sequence” refers to a nucleotide sequence that is ligated to, or is manipulated
to become ligated to, a nucleic acid sequence to which it is not ligated in nature, or to which it is ligated
at a different location in nature. Heterologous nucleic acid may include a naturally occurring nucleotide
sequence or some modification relative to the naturally occurring sequence.

[00126] A “transgene” refers to any gene coding region, either natural or heterologous nucleic acid
sequences or fused homologous or heterologous nucleic acid sequences, introduced into cells or a
genome of subject. Transgenes may be carried on any viral vector used to introduce transgenes to the
cells of the subject.

[00127] A “second generation adenovirus” refers to an Ad that has all or parts of the E1, E2, E3, and, in
certain embodiments, E4 DNA gene sequences deleted (removed) from the virus.

[00128] A “subject” refers to any animal, including, but not limited to, humans, non-human primates
(e.g., rhesus or other types of macaques), mice, pigs, horses, donkeys, cows, sheep, rats and fowls.
[00129] An “immunogenic fragment” refers to a fragment of a polypeptide that is specifically
recognized (i.c., specifically bound) by a B-cell and/or T-cell surface antigen receptor resulting in a
generation of an immune response specifically against a fragment.

[00130] A “target antigen” or “target protein” refers to a molecule, such as a protein, against which an
immune response is to be directed.

[00131] “E2b deleted” refers to a DNA sequence mutated in such a way so as to prevent expression
and/or function of at least one E2b gene product. Thus, in certain embodiments, “E2b deleted” is used in
relation to a specific DNA sequence that is deleted (removed) from an Ad genome. E2b deleted or
“containing a deletion within an E2b region” refers to a deletion of at least one base pair within an E2b
region of an Ad genome. Thus, in certain embodiments, more than one base pair is deleted and in further
embodiments, at least 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, or 150 base pairs are
deleted. In another embodiment, a deletion is of more than 150, 160, 170, 180, 190, 200, 250, or 300 base
pairs within an E2b region of an Ad genome. An E2b delction may be a delction that prevents expression
and/or function of at least one E2b gene product and therefore, encompasses deletions within exons of
encoding portions of E2b-specific proteins as well as deletions within promoter and leader sequences. In
certain embodiments, an E2b deletion is a deletion that prevents expression and/or function of one or
both a DNA polymerase and a preterminal protein of an E2b region. In a further embodiment, “E2b
deleted” refers to one or more point mutations in a DNA sequence of this region of an Ad genome such
that one or more encoded proteins is non-functional. Such mutations include residues that are replaced
with a different residue leading to a change in an amino acid sequence that result in a nonfunctional
protein.

[00132] “El-deleted” refers to a DNA sequence that is mutated in such a way so as to prevent

expression and/or function of at least one E1 gene product. Thus, in certain embodiments, “E1 deleted” is
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used in relation to a specific DNA sequence that is deleted (removed) from the Ad genome. E1 deleted or
“containing a deletion within the E1 region” refers to a deletion of at least one base pair within the E1
region of the Ad genome. Thus, in certain embodiments, more than one base pair is deleted and in further
embodiments, at least 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, or 150 base pairs are
deleted. In another embodiment, the deletion is of more than 150, 160, 170, 180, 190, 200, 250, or 300
base pairs within the E1 region of the Ad genome. An E1 deletion may be a deletion that prevents
expression and/or function of at least one E1 gene product and therefore, encompasses deletions within
exons of encoding portions of E1-specific proteins as well as deletions within promoter and leader
sequences. In certain embodiments, an E1 deletion is a deletion that prevents expression and/or function
of one or both of a trans-acting transcriptional regulatory factor of the E1 region. In a further
embodiment, “El deleted” refers to one or more point mutations in the DNA sequence of this region of
an Ad genome such that one or more encoded proteins is non-functional. Such mutations include residues
that are replaced with a different residue leading to a change in the amino acid sequence that result in a
nonfunctional protein.

[00133] “Generating an immune response” or “inducing an immune response” refers to a statistically
significant change, ¢.g., increase or decrease, in the number of one or more immune cells (T-cells, B-
cells, antigen-presenting cells, dendritic cells, neutrophils, and the like) or in the activity of one or more
of these immune cells (CTL activity, HTL activity, cytokine secretion, change in profile of cytokine
secretion, etc.).

[00134] The terms “nucleic acid” and “polynucleotide” are used essentially interchangeably herein.
Polynucleotides of the invention may be single-stranded (coding or antisense) or double-stranded, and
may be DNA (e.g. genomic, cDNA, or synthetic) or RNA molecules. RNA molecules may include
HnRNA molecules, which contain introns and correspond to a DNA molecule in a one-to-one manner,
and mRNA molecules, which do not contain introns. Additional coding or non-coding sequences may,
but need not, be present within a polynucleotide of the present invention, and a polynucleotide may, but
need not, be linked to other molecules and/or support materials. An isolated polynucleotide, as used
herein, means that a polynucleotide is substantially away from other coding sequences. For example, an
isolated DNA molecule as used herein does not contain large portions of unrelated coding DNA, such as
large chromosomal fragments or other functional genes or polypeptide coding regions. This refers to the
DNA molecule as originally isolated, and does not exclude genes or coding regions later added to the
segment recombinantly in the laboratory.

[00135] As will be understood by those skilled in the art, the polynucleotides of this invention can
include genormic sequences, extra-genomic and plasmid-encoded sequences and smaller engineered gene

segments that express, or may be adapted to express target antigens as described herein, fragments of
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antigens, peptides and the like. Such segments may be naturally isolated, or modified synthetically by the
hand of man.

[00136] Typically, polynucleotide variants will contain one or more substitutions, additions, deletions
and/or insertions, preferably such that the immunogenicity of the epitope of the polypeptide encoded by
the variant polynucleotide or such that the immunogenicity of the heterologous target protein is not
substantially diminished relative to a polypeptide encoded by the native polynucleotide sequence. In
some cases, the one or more substitutions, additions, deletions and/or insertions may result in an
increased immunogenicity of the epitope of the polypeptide encoded by the variant polynucleotide. As
described elsewhere herein, the polynucleotide variants can encode a variant of the target antigen, or a
fragment (e.g., an epitope) thereof wherein the propensity of the variant polypeptide or fragment (e.g.,
epitope) thereof to react with antigen-specific antisera and/or T-cell lines or clones is not substantially
diminished relative to the native polypeptide. The polynucleotide variants can encode a variant of the
target antigen, or a fragment thereof wherein the propensity of the variant polypeptide or fragment
thereof to react with antigen-specific antisera and/or T-cell lines or clones is substantially increased
relative to the native polypeptide.

[00137] The term “variants” should also be understood to encompass homologous genes of xenogenic
origin. In particular embodiments, variants or fragments of target antigens are modified such that they
have one or more reduced biological activities. For example, an oncogenic protein target antigen may be
modified to reduce or eliminate the oncogenic activity of the protein, or a viral protein may be modified
to reduce or eliminate one or more activities or the viral protein. An example of a modified CEA protein
is a CEA having a N610D mutation, resulting in a variant protein with increased immunogenicity.
[00138] When comparing polynucleotide sequences, two sequences are “identical” if the sequence of
nucleotides in the two sequences is the same when aligned for maximum correspondence, as described
below. Comparisons between two sequences are typically performed by comparing the sequences over a
comparison window to identify and compare local regions of scquence similarity. A “comparison
window” as used herein, refers to a segment of at least about 20 contiguous positions, usually 30 to about
75, 40 to about 50, in which a sequence may be compared to a reference sequence of the same number of
contiguous positions after the two sequences are optimally aligned. Optimal alignment of sequences for
comparison may be conducted using the Megalign program in the Lasergene suite of bioinformatics
software using default parameters. Alternatively, optimal alignment of sequences for comparison may be
conducted by the local identity algorithm of Smith and Waterman, Add. APL. Math 2:482 (1981), by the
identity alignment algorithm of Needleman and Wunsch, J. Mol. Biol. 48:443 (1970), by the scarch for
similarity methods of Pearson and Lipman, Proc. Natl. Acad. Sci. USA 85: 2444 (1988), by computerized
implementations of these algorithms (GAP, BESTFIT, BLAST, FASTA, and TFASTA), or by

inspection. One example of algorithms that are suitable for determining percent sequence identity and
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sequence similarity are the BLAST and BLAST 2.0 algorithms. BLAST and BLAST 2.0 can be used, for
example with the parameters described herein, to determine percent sequence identity for the
polynucleotides of the invention. Software for performing BLAST analyses is publicly available through
the National Center for Biotechnology Information. In one illustrative example, cumulative scores can be
calculated using, for nucleotide sequences, the parameters M (reward score for a pair of matching
residues; always >0) and N (penalty score for mismatching residues; always <0). Extension of the word
hits in cach direction are halted when: the cumulative alignment score falls off by the quantity X from its
maximum achieved value; the cumulative score goes to zero or below, due to the accumulation of one or
more negative-scoring residue alignments; or the end of either sequence is reached. The BLAST
algorithm parameters W, T and X determine the sensitivity and speed of the alignment. The BLASTN
program uses as defaults a word length (W) of 11, and expectation (E) of 10, and the BLOSUMG62
scoring matrix alignments, (B) of 50, expectation (E) of 10, M=5, N=-4 and a comparison of both
strands.

[00139] The “percentage of sequence identity” can be determined by comparing two optimally aligned
sequences over a window of comparison of at least 20 positions, wherein the portion of the
polynucleotide scquence in the comparison window may comprisc additions or deletions (i.c., gaps) of 20
percent or less, usually 5 to 15 percent, or 10 to 12 percent, as compared to the reference sequences
(which does not comprise additions or deletions) for optimal alignment of the two sequences. The
percentage is calculated by determining the number of positions at which the identical nucleic acid bases
occurs in both sequences to yield the number of matched positions, dividing the number of matched
positions by the total number of positions in the reference sequence and multiplying the results by 100 to
yield the percentage of sequence identity.

[00140] It will be appreciated by those of ordinary skill in the art that, as a result of the degeneracy of
the genetic code, there are many nucleotide sequences that encode a particular antigen of interest, or
fragment thereof, as described herein. Some of these polynucleotides bear minimal homology to the
nucleotide sequence of any native gene. Nonetheless, polynucleotides that vary due to differences in
codon usage are specifically contemplated by the present invention. Further, alleles of the genes
comprising the polynucleotide sequences provided herein are within the scope of the present invention.
Alleles are endogenous genes that are altered as a result of one or more mutations, such as deletions,
additions and/or substitutions of nucleotides. The resulting mRNA and protein may, but need not, have
an altered structure or function. Alleles may be identified using standard techniques (such as

hybridization, amplification and/or database scquence comparison).

27-



CA 02974237 2017-07-05

WO 2016/112195 PCT/US2016/012496

COMPOSITIONS

Viral Vectors for Immunotherapies and Vaccines

[00141] Recombinant viral vectors can be used to express protein coding genes or antigens (e.g., TAAs
and/or IDAAs). The advantages of recombinant viral vector based vaccines and immunotherapy include
high efficiency gene transduction, highly specific delivery of genes to target cells, induction of robust
immune responses, and increased cellular immunity. The present disclosure provides for recombinant
adenovirus vectors comprising deletions or insertions of crucial regions of the viral genome. The viral
vectors of provided by the present disclosure can comprise heterologous nucleic acid sequences that
encode one or more target antigens of interest, or variants, fragments or fusions thereof, against which it
is desired to generate an immune response.

[00142] Suitable viral vectors that can be used with the methods and compositions of the present
disclosure include but are not limited to retroviruses, lentiviruses, provirus, Vaccinia virus, adenoviruses,
adeno-associated viruses, self-complementary adeno-associated virus, Cytomegalovirus, or Sendai virus.
In some embodiments, the viral vector can be replication-competent. In some embodiments, the viral
vector can be replication-defective. For replication-defective viral vectors, the viruses” genome can have
the coding regions necessary for additional rounds of replication and packaging replaced with other
genes, or deleted. These viruses are capable of infecting their target cells and delivering their viral
payload, but then fail to continue the typical lytic pathway that leads to cell lysis and death. Depending
on the viral vector, the typical maximum length of an allowable DNA or cDNA insert in a replication-
defective viral vector is can be about 8-10 kilobases (kB).

[00143] Retroviruses have been used to express antigens, such as an enveloped, single-stranded RNA
virus that contains reverse transcriptase. Retrovirus vectors can be replication-defective. Retrovirus
vectors can be of murine or avian origin. Retrovirus vectors can be from Moloney murine leukemia virus
(MoMLYV). Retrovirus vectors can be used that require genome integration for gene expression.
Retrovirus vectors can be used to provide long-term gene expression. For example, retrovirus vectors can
have a genome size of approximately 7-11 kb and the vector can harbor 7-8 kb long foreign DNA
inserts. Retrovirus vectors can be used to display low immunogenicity and most patients do not show pre-
existing immunity to retroviral vectors. Retrovirus vectors can be used to infect dividing cells. Retrovirus
vectors can be used to not infect non-dividing cells.

[00144] Lentivirus vectors have been used to express antigens. Lentiviruses constitute a subclass of
retroviruses. Lentivirus vectors can be used to infect non-dividing cells. Lentivirus vectors can be used to
infect dividing cells. Lentivirus vectors can be used to infect both non-dividing and dividing cells.
Lentiviruses generally exhibit broader tropism than retroviruses. Several proteins such as tat and rev
regulate the replication of lentiviruses. These regulatory proteins are typically absent in retroviruses. HIV

is an exemplary lentivirus that can been engineered into a transgene delivery vector. The advantages of
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lentivirus vectors are similar to those of retroviral vectors. Although lentiviruses can potentially trigger
tumorigenesis, the risk is lower than that of retroviral vectors, as the integration sites of lentiviruses are
away from the sites harboring cellular promoters. HIV-based vectors can be generated, for example, by
deleting the HIV viral envelope and some of the regulatory genes not required during vector production.
Instead of parental envelope, several chimeric or modified envelope vectors are generated because it
determines the cell and tissue specificity.

[00145] Cytomegalovirus (CMV) vectors have been used to express antigens and is a member of the
herpesviruses. Species-specific CMVs can be used (e.g., human CMV (HCMV), e.g., human herpesvirus
type 5. HCMYV contains a 235-kb double-stranded linear DNA genome surrounded by a capsid. The
envelope contains glycoproteins gB and gH, which bind to cellular receptors.

[00146] Sendai virus (SeV) vectors have been used to express antigens. SeV is an enveloped, single-
stranded RNA virus of the family Paramyxovirus. The SeV genome encodes six protein and two
envelope glycoproteins, HN and F proteins, that mediate cell entry and determine its tropism. SeV
vectors that lack F protein can be used as a replication-defective virus to improve the safety of the vector.
SeV vector produced in a packaging cell can be used to expresses the F protein. An F gene-deleted and
transgene-inscrted genome can be transfected into a packaging cell. SeV contains RNA dependent RNA
polymerase and viral genome localizes to the cytoplasm. This ensures that fast gene expression occurs
soon after infection and the genotoxic advantage of SeV. SeV vectors can be used to exhibit highly
efficient gene transfer. SeV vectors can be used to transduce both dividing and non-dividing cells. SeV
vectors can be used to transduce non-dividing cells. SeV vectors can be used to transduce dividing cells.
SeV vectors can be used, for example, to efficiently transduce human airway epithelial cells. SeV vectors
can be, for example, administered by a mucosal (e.g., oral and nasal) route. Intranasal administration can
be used to potentially reduce the influence of a pre-existing immunity to SeV, as compared to
intramuscular administration. Compared to other viral vectors, its transgene capacity (3.4 kb) is low. SeV
is highly homologous to the human parainfluenza type 1 (hPIV-1) virus; thus, a pre-existing immunity
against hPIV-1 can work against the use of SeV.

[00147] Human papillomavirus (HPV) vectors can be used to express antigens. For example, by
modifying oncogenes in the genome, such as by deletion or insertion of crucial regions of the HPV viral
genome, a recombinant vector can be engineered to increase predictability of infection and reduce
unwanted side effects. An exemplary HPV vector is a fusion vector with an adenovirus vector. An
exemplary HPV vector is AdS5 [E1-, E2b-]-HPV-E6/E7 viral vector comprising a modified non-
oncogenic and fused HPV-E6/E7.

Adenovirus Vectors

[00148] In general, adenoviruses are attractive for clinical because they can have a broad tropism, they

can infect a variety of dividing and non-dividing cell types and hey can be used systemically as well as
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through more selective mucosal surfaces in a mammalian body. In addition, their relative thermostability
further facilitates their clinical use. Adenoviruses are a family of DNA viruses characterized by an
icosahedral, non-enveloped capsid containing a linear double-stranded genome. Generally, adenoviruses
are found as non-enveloped viruses comprising double-stranded DNA genome approximated ~30-35
kilobases in size. Of the human Ads, none are associated with any neoplastic disease, and only cause
relatively mild, self-limiting illness in immunocompetent individuals. The first genes expressed by the
virus are the El genes, which act to initiate high-level gene expression from the other Ad5 gene
promoters present in the wild type genome. Viral DNA replication and assembly of progeny virions occur
within the nucleus of infected cells, and the entire life cycle takes about 36 hr with an output of
approximately 10 virions per cell. The wild type Ad5 genome is approximately 36 kb, and encodes
genes that are divided into early and late viral functions, depending on whether they are expressed before
or after DNA replication. The early/late delineation is nearly absolute, since it has been demonstrated that
super-infection of cells previously infected with an AdS5 results in lack of late gene expression from the
super-infecting virus until after it has replicated its own genome. Without bound by theory, this is likely
due to a replication dependent cis-activation of the AdS major late promoter (MLP), preventing late gene
cxpression (primarily the AdS capsid proteins) until replicated genomes are present to be encapsulated.
The composition and methods of the invention take advantage of feature in the development of advanced
generation Ad vectors/vaccines. The linear genome of the adenovirus is generally flanked by two origins
for DNA replication (ITRs) and has eight units for RNA polymerase [I-mediated transcription. The
genome carries five early units ELA, E1B, E2, E3, E4, and ES, two units that are expressed with a delay
after initiation of viral replication (IX and IVa2), and one late unit (L) that is subdivided into L1-L5.
Some adenoviruses can further encode one or two species of RNA called virus-associated (VA) RNA.
[00149] Adenoviruses that induce innate and adaptive immune responses in human patient are provided.
By deletion or insertion of crucial regions of the viral genome, recombinant vectors are provided that
have been engineered to increasc their predictability and reduce unwanted side effects. In some aspects,
the invention provides for an adenovirus vector comprising the genome deletion or insertion selected
from the group consisting of: E1A, E1B, E2, E3, E4, E5, X, Va2, L1, L2, L3, L4, and L5, and any
combination thereof.

[00150] The present disclosure provides for recombinant adenovirus vectors comprising an altered
capsid. Generally, the capsid of an adenovirus is primarily comprises 20 triangular facets of an
icosahedron each icosahedron contains 12 copies of hexon trimers. In addition there are also other several
additional minor capsid proteins, Ila, VI, VIII, and IX.

[00151] The present disclosure provides for recombinant adenovirus vectors comprising one or more
altered fiber proteins. In general the fiber proteins, which also form trimers, are inserted at the 12 vertices

into the pentameric penton bases. The fiber can comprise of a thin N-terminal tail, a shaft, and a knob
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domain. The shaft can comprise a variable numbers of B-strand repeats. The knob can comprise one or
more loops A, B, C, D, E, F, G, H, I, J. The fiber knob loops can bind to cellular receptors. The present
disclosure provides for adenovirus vectors to be used in vaccine systems for the treatment of cancers and
infectious diseases.

[00152] Suitable adenoviruses that can be used with the present methods and compositions of the
disclosure include but are not limited to species-specific adenovirus including human subgroups A, B1,
B2, C, D, E and F or their crucial genomic regions as provided herein, which subgroups can further
classified into immunologically distinct serotypes. Further, suitable adenoviruses that can be used with
the present methods and compositions of the disclosure include, but are not limited to, species-specific
adenovirus or their crucial genomic regions identified from primates, bovines, fowls, reptiles, or frogs.
[00153] Some adenoviruses serotypes preferentially target distinct organs. Serotypes such as AdHul,
AdHu2, and AdHu5 (subgenus C), generally effect the infect upper respiratory, while subgenera A and F
effect gastrointestinal organs. The present disclosure provides for recombinant adenovirus vectors to be
used in preferentially target distinct organs for the treatment of organ-specific cancers or organ-specific
infectious diseases. In some applications the recombinant adenovirus vector is altered to reduce tropism
to a specific organ in a mammal. In some applications the recombinant adenovirus vector is altered to
increase tropism to a specific organ in a mammal.

[00154] The tropism of an adenovirus can be determined by their ability to attach to host cell receptors.
In some instances the process of host cell attachment can involve the initial binding of the distal knob
domain of the fiber to a host cell surface molecule followed by binding of the RGD motif within the
penton base with aV integrins. The present disclosure provides for recombinant adenovirus vectors with
altered tropism such that they can be genetic engineered to infect specific cell types of a host. The present
disclosure provides for recombinant adenovirus vectors with altered tropism for the treatment of cell-
specific cancers or cell-specific infectious diseases. The present disclosure provides for recombinant
adenovirus vectors with altered fiber knob from one or more adenoviruses of subgroups A, B, C, D, or F,
or a combination thereof or the insertion of RGD sequences. In some applications the recombinant
adenovirus vectors comprising an altered fiber knob results in a vector with reduced tropism for one or
more particular cell types. In some applications the recombinant adenovirus vectors comprising an altered
fiber knob results in a vector with enhanced tropism for one or more particular cell types. In some
applications the recombinant adenovirus vectors comprising an altered fiber knob results in a vector with
reduced product-specific B or T-cell responses. In some applications the recombinant adenovirus vectors
comprising an altered fiber knob results in a vector with enhanced product-specific B or T-cell responses.
[00155] The present disclosure provides for recombinant adenovirus vectors that are coated with other
molecules to circumvent the effects of virus-neutralizing antibodies or improve transduction in to a host

cell. The present disclosure provides for recombinant adenovirus vectors that are coated with an adaptor
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molecule that aids in the attachment of the vector to a host cell receptor. By way of example an
adenovirus vector can be coated with adaptor molecule that connects coxsackie Ad receptor (CAR) with
CD40L resulting in increased transduction of dendritic cells, thereby enhancing immune responses in a
subject. Other adenovirus vectors similarly engineered for enhancing the attachment to other target cell
types are also included by the present disclosure.

AdS5 vectors

[00156] Studies in humans and animals have demonstrated that pre-existing immunity against Ad5 can
be an inhibitory factor to commercial use of Ad-based vaccines. The preponderance of humans have
antibody against Ad5, the most widely used subtype for human vaccines, with two-thirds of humans
studied having lympho-proliferative responses against AdS. This pre-existing immunity can inhibit
immunization or re-immunization using typical Ad5 vaccines and may preclude the immunization of a
vaccine against a second antigen, using an Ad5 vector, at a later time. Overcoming the problem of pre-
existing anti-vector immunity has been a subject of intense investigation. Investigations using alternative
human (non-Ad5 based) Ad5 subtypes or even non-human forms of Ad5 have been examined. Even if
these approaches succeed in an initial immunization, subsequent vaccinations may be problematic due to
immune responscs to the novel AdS subtype. To avoid the Ad5 immunization barrier, and improve upon
the limited efficacy of first generation Ad5 [El-] vectors to induce optimal immune responses, various
embodiments of the invention relate to a next generation AdS vector based vaccine platform.

[00157] First generation, or El-deleted adenovirus vectors Ad5 [E1-] are canstructed such that a
transgene replaces only the El region of genes. Typically, about 90% of the wild-type Ad5 genome is
retained in the vector. Ad5 [El-] vectors have a decreased ability to replicate and cannot produce
infectious virus after infection of cells that do not express the Ad5 E1 genes. The recombinant Ad5 [E1-]
vectors are propagated in human cells (e.g., 293 cells) allowing for Ad5 [E1-] vector replication and
packaging. Ad5 [E1-] vectors have a number of positive attributes; one of the most important is their
relative ease for scale up and ¢cGMP production. Currently, well over 220 human clinical trials utilize
Ad5 [El-] vectors, with more than two thousand subjects given the virus sc, im, or iv. Additionally, Ad5
vectors do not integrate; their genomes remain episomal. Generally, for vectors that do not integrate into
the host genome, the risk for insertional mutagenesis and/or germ-line transmission is extremely low if at
all. Conventional Ad5 [E1-] vectors have a carrying capacity that approaches 7 kb.

[00158] Ad5-based vectors with deletions of the E1 and the E2b regions (Ad5 [E1-, E2b-]), the latter
encoding the DNA polymerase and the pre-terminal protein, by virtue of diminished late phase viral
protein expression, provide an opportunity to avoid immunological clearance and induce more potent
immune responses against the encoded tumor antigen transgene in Ad-immune hosts. The new Ad5
platform has additional deletions in the E2b region, removing the DNA polymerase and the preterminal

protein genes. The Ad5 [E1-, E2b-] platform has an expanded cloning capacity that is sufficient to allow
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inclusion of many possible genes. Ad5 [E1-, E2b-] vectors have up to about 12 kb gene-carrying capacity
as compared to the 7 kb capacity of Ad5 [El-] vectors, providing space for multiple genes if needed. In
some embodiments, an insert of more than 1,2,3,4,5,6,7,8,9, 10, or 11 kb is introduced into an Ad5
vector, such as the Ad5 [El-, E2b-] vector. Deletion of the E2b region confers advantageous immune
properties on the Ad5 vectors of the invention, often eliciting potent immune responses to target
transgene antigens while minimizing the immune responses to Ad viral proteins.

[00159] In various embodiments, Ad5 [E1-, E2b-] vectors of the invention induce a potent CMI, as well
as antibodies against the vector expressed vaccine antigens even in the presence of Ad immunity. AdS
[E1-, E2b-] vectors also have reduced adverse reactions as compared to Ad5 [E1-] vectors, in particular
the appearance of hepatotoxicity and tissue damage. A key aspect of these AdS vectors is that expression
of Ad late genes is greatly reduced. For example, production of the capsid fiber proteins could be
detected in vivo for Ad5 [E1-] vectors, while fiber expression was ablated from Ad5 [E1-, E2b-] vector
vaccines. The innate immune response to wild type Ad is complex. Proteins deleted from the AdS [El-,
E2b-] vectors generally play an important role. Specifically, Ad5 [E1-, E2b-] vectors with deletions of
preterminal protein or DNA polymerase display reduced inflammation during the first 24 to 72 h
following injcction compared to Ad5 [E1-] vectors. In various embodiments, the lack of AdS gene
expression renders infected cells invisible to anti-Ad activity and permits infected cells to express the
transgene for extended periods of time, which develops immunity to the target.

[00160] Various embodiments ofthe invention contemplate increasing the capability for the Ad5

[El-, E2b-] vectors to transduce dendritic cells, improving antigen specific immune responses in the
vaccine by taking advantage of the reduced inflammatory response against Ad5 [E1-, E2b-] vector viral
proteins and the resulting evasion of pre-existing Ad immnunity.

Replication defective Ad5 vector

[00161] Attempts to overcome anti-Ad immunity have included use of altemative Ad serotypes and/or
alternations in the Ad5 viral capsid protein cach with limited success and the potential for significantly
altering biodistribution of the resultant vaccines. Therefore, a completely novel approach was attempted
by further reducing the expression of viral proteins from the E1 deleted Ad5 vectors, proteins known to
be targets of pre-existing Ad immunity. Specifically, a novel recombinant Ad5 platform has been
described with deletions in the early 1 (E1) gene region and additional deletions in the early 2b (E2b)
gene region (Ad5 [El-, E2b-]). Deletion of the E2b region (that encodes DNA polymerase and the pre-
terminal protein) results in decreased viral DNA replication and late phase viral protein expression. This
vector platform can be used to induce CMI responses in animal models of cancer and infectious discase
and more importantly, this recombinant Ad5 gene delivery platform overcomes the barrier of Ad5
immunity and can be used in the setting of pre-existing and/or vector-induced Ad immunity thus enabling

multiple homologous administrations of the vaccine. In particular embodiments, the present invention
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relates to a replication defective adenovirus vector of serotype 5 comprising a sequence encoding an
immunogenic polypeptide. The immunogenic polypeptide may be a mutant, natural variant, or a fragment
thereof.

[00162] In some embodiments, the replication defective adenovirus vector comprises a modified sequence
encoding a polypeptide with at least 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99%, 99.5%, 99.9% identity to
a wild-type immunogenic polypeptide or a fragment thereof. In some embodiments, the replication defective
adenovirus vector comprises a modified sequence encoding a subunit of a wild-type polypeptide. The
compositions and methods of the invention, in some embodiments, relate to an adenovirus-derived vector
comprising at least 60% sequence identity to SEQ. ID. NO:3.

[00163] In some embodiments, an adenovirus-derived vector, optionally relating to a replication defective
adenovirus, comprises a sequence with at least 75%, 80%, 85%, 90%, 95%, 98%, 99%, 99.5%, 99.8%,
99.9% identity to SEQ. ID. NO:3 or a sequence generated from SEQ. ID. NO:3 by alternative codon
replacements. In various embodiments, the adenovirus-derived vectors described herein have a deletion in
the E2b region, and optionally, in the E1 region, the deletion conferring a variety of advantages to the use of
the vectors in immunotherapy as described herein.

[00164] Certain regions within the adenovirus genome serve essential functions and may need to be
substantially conserved when constructing the replication defective adenovirus vectors of the invention.
These regions are further described in Lauer et al., J. Gen. Virol., 85, 2615-25 (2004), Leza et al., J. Virol.,
p- 3003-13 (1988), and Miralles et al., J. Bio Chem., Vol. 264, No. 18, p. 10763-72 (1983). Recombinant
nucleic acid vectors comprising a sequence with identity values of at least 75%, 80%, 85%, 90%, 95%, 98%,
99%, 99.5%, 99.8%, 99.9% to a portion of SEQ. ID. NO:3, such as a portion comprising at least about 100,
250, 500, 1000 or more bases of SEQ. ID. NO:3 are within the bounds of the invention.

[00165] The present invention contemplates the use of E2b deleted adenovirus vectors, such as those
described in U.S. Pat. Nos. 6,063,622; 6,451,596; 6,057,158; 6,083,750; and 8,298,549.

The vectors with deletions in the E2b regions in many cases cripple viral protein expression and/or decrease
the frequency of generating replication competent Ad (RCA). Propagation of these E2b deleted adenovirus
vectors can be done utilizing cell lines that express the deleted E2b gene products. Such packaging cell lines
are provided herein; e.g., E.C7 (formally called C-7), derived from the HEK-2p3 cell line.

[00166] Further, the E2b gene products, DNA polymerase and preterminal protein, can be constitutively
expressed in E.C7, or similar cells along with the E1 gene products. Transfer of gene segments from the Ad
genome to the production cell line has immediate benefits: (1) increased carrying capacity; and, (2) a
decreased potential of RCA generation, typically requiring two or more independent recombination events to

generate RCA. The E1, Ad DNA polymerase and/or preterminal protein expressing cell lines
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used in the present invention can enable the propagation of adenovirus vectors with a carrying capacity
approaching 13 kb, without the need for a contaminating helper virus. In addition, when genes critical to
the viral life cycle are deleted (e.g., the E2b genes), a further crippling of Ad to replicate or express other
viral gene proteins occurs. This can decrease immune recognition of infected cells, and extend durations
of foreign transgene expression.

[00167] EIl, DNA polymerase, and preterminal protein deleted vectors are typically unable to express
the respective proteins from the E1 and E2b regions. Further, they may show a lack of expression of most
of the viral structural proteins. For example, the major late promoter (MLP) of Ad is responsible for
transcription of the late structural proteins L1 through L5. Though the MLP is minimally active prior to
Ad genome replication, the highly toxic Ad late genes are primarily transcribed and translated from the
mLP only after viral genome replication has occurred. This cis-dependent activation of late gene
transcription is a feature of DNA viruses in general, such as in the growth of polyoma and SV-40. The
DNA polymerase and preterminal proteins are important for Ad replication (unlike the E4 or protein IX
proteins). Their deletion can be extremely detrimental to adenovirus vector late gene expression, and the
toxic effects of that expression in cells such as APCs.

[00168] The adenovirus vectors can include a deletion in the E2b region of the Ad genome and,
optionally, the E1 region. In some cases, such vectors do not have any other regions of the Ad genome
deleted. The adenovirus vectors can include a deletion in the E2b region of the Ad genome and deletions
in the E1 and E3 regions. In some cases, such vectors have no other regions deleted. The adenovirus
vectors can include a deletion in the E2b region of the Ad genome and deletions in the E1, E3 and partial
or complete removal of the E4 regions. In some cases, such vectors have no other deletions. The
adenovirus vectors can include a deletion in the E2b region of the Ad genome and deletions in the E1
and/or E4 regions. In some cases, such vectors contain no other deletions. The adenovirus vectors can
include a deletion in the E2a, E2b and/or E4 regions of the Ad genome. In some cases, such vectors have
no other deletions. The adenovirus vectors can have the E1 and/or DNA polymerase functions of the E2b
region deleted. In some cases, such vectors have no other deletions. The adenovirus vectors can have the
El and/or the preterminal protein functions of the E2b region deleted. In some cases, such vectors have
no other deletions. The adenovirus vectors can have the E1, DNA polymerase and/or the preterminal
protein functions deleted. In some cases, such vectors have no other deletions. The adenovirus vectors
can have at least a portion of the E2b region and/or the E1 region. In some cases, such vectors are not
gutted adenovirus vectors. In this regard, the vectors may be deleted for both the DNA polymerase and
the preterminal protein functions of the E2b region. The adenovirus vectors can have a deletion in the E1,
E2b and/or 100K regions of the adenovirus genome. The adenovirus vectors can comprise vectors having
the E1, E2b and/or protease functions deleted. In some cases, such vectors have no other deletions. The

adenovirus vectors can have the E1 and/or the E2b regions deleted, while the fiber genes have been
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modified by mutation or other alterations (for example to alter Ad tropism). Removal of genes from the
E3 or E4 regions may be added to any of the adenovirus vectors mentioned. In certain embodiments, the
adenovirus vector may be a gutted adenovirus vector.

[00169] Other regions of the Ad genome can be deleted. A “deletion” in a particular region of the Ad
genome refers to a specific DNA sequence that is mutated or removed in such a way so as to prevent
expression and/or function of at least one gene product encoded by that region (e.g., E2b functions of
DNA polymerase or preterminal protein function). Deletions encompass deletions within exons encoding
portions of proteins as well as deletions within promoter and leader sequences. A deletion within a
particular region refers to a deletion of at least one base pair within that region of the Ad genome. More
than one base pair can be deleted. For example, at least 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130,
140, or 150 base pairs can be deleted from a particular region. The deletion can be more than 150, 160,
170, 180, 190, 200, 250, or 300 base pairs within a particular region of the Ad genome. These deletions
can prevent expression and/or function of the gene product encoded by the region. For example, a
particular region of the Ad genome can include one or more point mutations such that one or more
encoded proteins is non-functional. Such mutations include residues that are replaced with a different
residuc leading to a change in the amino acid sequence that result in a nonfunctional protein. Exemplary
deletions or mutations in the Ad genome include one or more of Ela, E1b, E2a, E2b, E3, E4, L1, L2, L3,
L4, Ls, TP, POL, IV, and VA regions. Deleted adenovirus vectors can be made, for example, using
recombinant techniques.

[00170] Ad vectors for use in the present invention can be successfully grown to high titers using an
appropriate packaging cell line that constitutively expresses E2b gene products and products of any of the
necessary genes that may have been deleted. HEK-293-derived cells that not only constitutively express
the E1 and DNA polymerase proteins, but also the Ad-preterminal protein, can be used. E.C7 cells can be
used, for example, to grow high titer stocks of the adenovirus vectors.

[00171] To delete critical genes from self-propagating adenovirus vectors, proteins encoded by the
targeted genes can first be coexpressed in HEK-293 cells, or similar, along with E1 proteins. For
example, those proteins which are non-toxic when coexpressed constitutively (or toxic proteins
inducibly-expressed) can be selectively utilized. Coexpression in HEK-293 cells of the E1 and E4 genes
is possible (for example utilizing inducible, not constitutive, promoters). The E1 and protein IX genes, a
virion structural protein, can be coexpressed. Further coexpression of the E1, E4, and protein IX genes is
also possible. E1 and 100K genes can be expressed in trans-complementing cell lines, as can E1 and
protease genes.

[00172] Cell lines coexpressing E1 and E2b gene products for use in growing high titers of E2b deleted
Ad particles can be used. Useful cell lines constitutively express the approximately 140 kDa Ad-DNA

polymerase and/or the approximately 90 kDa preterminal protein. Cell lines that have high-level,
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constitutive coexpression of the E1, DNA polymerase, and preterminal proteins, without toxicity (e.g.
E.C7), are desirable for use in propagating Ad for use in multiple vaccinations. These cell lines permit the
propagation of adenovirus vectors deleted for the E1, DNA polymerase, and preterminal proteins.
[00173] The recombinant Ad of the present invention can be propagated using, for example, tissue
culture plates containing E.C7 cells infected with Ad vector virus stocks at an appropriate MOI (e.g., 5)
and incubated at 37 °C for 40-96 h. The infected cells can be harvested, resuspended in 10 mM Tris-Cl
(pH 8.0), and sonicated, and the virus can be purified by two rounds of cesium chloride density
centrifugation. The virus containing band can be desalted over a column, sucrose or glycerol can be
added, and aliquots can be stored at -80 °C. Virus can be placed in a solution designed to enhance its
stability, such as A195. The titer of the stock can be measured (e.g., by measurement of the optical
density at 260 nm of an aliquot of the virus after lysis). Plasmid DNA, either linear or circular,
encompassing the entire recombinant E2b deleted adenovirus vector can be transfected into E.C7, or
similar cells, and incubated at 37 °C until evidence of viral production is present (e.g. cytopathic effect).
Conditioned media from cells can be used to infect more cells to expand the amount of virus produced
before purification. Purification can be accomplished, for example, by two rounds of cesium chloride
density centrifugation or selective filtration. Virus may be purified by chromatography using
commercially available products or custom chromatographic columns.

[00174] The compositions of the present invention can comprise enough virus to ensure that cells to be
infected are confronted with a certain number of viruses. Thus, in various embodiments, the present
invention provides a stock of recombinant Ad, such as an RCA-free stock of recombinant Ad. Viral
stocks can vary considerably in titer, depending largely on viral genotype and the protocol and cell lines
used to prepare them. Viral stocks can have a titer of at least about 10°, 107, or 10* pfu/mL, or higher,
such as at least about 10°, 10", 10", or 10'? pfu/mL. Depending on the nature of the recombinant virus
and the packaging cell line, a viral stock of the present invention can have a titer of even about 10"
particles/ml or higher.

[00175] A replication defective adenovirus vector (e.g., SEQ. ID. NO.:3) can comprise a sequence
encoding a target antigen, a fragment thereof, or a variant thereof, at a suitable position. In some
embodiments, a replication defective adenovirus vector (e.g., SEQ. ID. NO.:3) can comprise a sequence
encoding a target antigen described herein, or a fragment, a variant, or a variant fragment thereof, at a
position replacing the nucleic acid sequence encoding a CEA or a variant CEA (e.g., SEQ. ID. NO.:1). In
some embodiments, a replication defective adenovirus vector (e.g., SEQ. ID. NO.:3) can comprise a
sequence encoding a target antigen described herein, or a fragment, a variant, or a variant fragment
thereof, at a position replacing the nucleic acid sequence encoding a CEA or a variant CEA (e.g., SEQ.
ID. NO.:2). In some embodiments, a replication defective adenovirus vector (e.g., SEQ. ID. NO.:3) can

comprise a sequence encoding a target antigen described herein, or a fragment, a variant, or a variant
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fragment thereof, at a position replacing the nucleic acid sequence encoding a MUC1 or a variant MUC1
(e.g., SEQ. ID. NO.:5, SEQ. ID. NO.:6 or SEQ. ID. NO.:9). In some embodiments, a replication
defective adenovirus vector (e.g., SEQ. ID. NO.:3) can comprise a sequence encoding a target antigen
described herein, or a fragment, a variant, or a variant fragment thereof, at a position replacing the
nucleic acid sequence encoding a T or a variant T (e.g., SEQ. ID. NO.:7 or SEQ. ID. NO.:8).
Polynucleotides and Variants Encoding Antigen Targets

[00176] The present disclosure further provides nucleic acid sequences, also referred to herein as
polynucleotides that encode one or more target antigens of interest, or fragments or variants thereof. As
such, the present invention provides polynucleotides that encode target antigens from any source as
described further herein, vectors comprising such polynucleotides and host cells transformed or
transfected with such expression vectors. In order to express a desired target antigen polypeptide,
nucleotide sequences encoding the polypeptide, or functional equivalents, can be inserted into an
appropriate Ad vector (e.g., using recombinant techniques). The appropriate adenovirus vector may
contain the necessary elements for the transcription and translation of the inserted coding sequence and
any desired linkers. Methods which are well known to those skilled in the art may be used to construct
these adenovirus vectors containing sequences encoding a polypeptide of interest and appropriate
transcriptional and translational control elements. These methods include in vitro recombinant DNA
techniques, synthetic techniques, and in vivo genetic recombination.

[00177] Polynucleotides may comprise a native sequence (i.c., an endogenous sequence that encodes a
target antigen polypeptide/protein/epitope of the invention or a portion thereof) or may comprise a
sequence that encodes a variant, fragment, or derivative of such a sequence. Polynucleotide sequences
can encode target antigen proteins. In some embodiments, polynucleotides represent a novel gene
sequence optimized for expression in specific cell types that may substantially vary from the native
nucleotide sequence or variant but encode a similar protein antigen.

[00178] In other related embodiments, polynucleotide variants have substantial identity to native
sequences encoding proteins (e.g., target antigens of interest), for example those comprising at least 70%
sequence identity, preferably at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% or higher,
sequence identity compared to a native polynucleotide sequence encoding the polypeptides (e.g., BLAST
analysis using standard parameters). These values can be appropriately adjusted to determine
corresponding identity of proteins encoded by two nucleotide sequences by taking into account codon
degeneracy, amino acid similarity, reading frame positioning and the like. Polynucleotides can encode a
protein comprising for example at least 70% sequence identity, preferably at least 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, or 99% or higher, sequence identity compared to a protein sequence encoded by a

native polynucleotide sequence.
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[00179] Polynucleotides can comprise at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90,95, 100, L1, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260,
270, 280, 290, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, or 1000 or more
contiguous nucleotides encoding a polypeptide (e.g., target protein antigens), and all intermediate lengths
there between. “Intermediate lengths”, in this context, refers to any length between the quoted values,
such as 16, 17, 18, 19, etc.; 21, 22, 23, etc.; 30, 31, 32, etc.; 50, 51, 52, 53, etc.; 100, 101, 102, 103, etc.;
150, 151, 152, 153, ctc.; including all integers through 200-500; 500-1,000, and the like. A
polynucleotide sequence may be extended at one or both ends by additional nucleotides not found in the
native sequence encoding a polypeptide, such as an epitope or heterologous target protein. This additional
sequence may consist of 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleotides or
more, at either end of the disclosed sequence or at both ends of the disclosed sequence.

[00180] The polynucleotides, regardless of the length of the coding sequence itself, may be combined
with other DNA sequences, such as promoters, expression control sequences, polyadenylation signals,
additional restriction enzyme sites, multiple cloning sites, other coding segments, and the like, such that
their overall length may vary considerably. It is therefore contemplated that a nucleic acid fragment of
almost any length may be employed, with the total length preferably being limited by the case of
preparation and use in the intended recombinant DNA protocol. Illustrative polynucleotide segments with
total lengths of about 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000, 10,000, about 500, about
200, about 100, about 50 base pairs in length, and the like, (including all intermediate lengths) are
contemplated to be useful in many implementations of this invention.

[00181] A mutagenesis approach, such as site-specific mutagenesis, can be employed to prepare target
antigen sequences. Specific modifications in a polypeptide sequence can be made through mutagenesis of
the underlying polynucleotides that encode them. Site-specific mutagenesis can be used to make mutants
through the use of oligonucleotide sequences which encode the DNA sequence of the desired mutation,
as well as a sufficient number of adjacent nucleotides, to provide a primer sequence of sufficient size and
sequence complexity to form a stable duplex on both sides of the deletion junction being traversed. For
example, a primer comprising about 14 to about 25 nucleotides or so in length can be employed, with
about 5 to about 10 residues on both sides of the junction of the sequence being altered. Mutations may
be made in a selected polynucleotide sequence to improve, alter, decrease, modify, or otherwise change
the properties of the polynucleotide, and/or alter the properties, activity, composition, stability, or
primary sequence of the encoded polypeptide.

[00182] Mutagenesis of polynucleotide sequences can be used to alter one or more propertics of the
encoded polypeptide, such as the immunogenicity of an epitope comprised in a polypeptide or the
oncogenicity of a target antigen. Assays to test the immunogenicity of a polypeptide include, but are not

limited to, T-cell cytotoxicity assays (CTL/chromium release assays), T-cell proliferation assays,
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intracellular cytokine staining, ELISA, ELISpot, etc. Other ways to obtain sequence variants of peptides
and the DNA sequences encoding them can be employed. For example, recombinant vectors encoding the
desired peptide sequence may be treated with mutagenic agents, such as hydroxylamine, to obtain
sequence variants.

[00183] Polynucleotide segments or fragments encoding the polypeptides of the present invention may
be readily prepared by, for example, directly synthesizing the fragment by chemical means. Fragments
may be obtained by application of nucleic acid reproduction technology, such as PCR, by introducing
selected sequences into recombinant vectors for recormbinant production.

[00184] A variety of vector/host systems may be utilized to contain and produce polynucleotide
sequences. Exemplary systems include microorganisms such as bacteria transformed with recombinant
bacteriophage, plasmid, or cosmid DNA vectors; yeast transformed with yeast vectors; insect cell
systems infected with virus vectors (e.g., baculovirus); plant cell systems transformed with virus vectors
(e.g., cauliflower mosaic virus, CaMV; tobacco mosaic virus, TMV) or with bacterial vectors (e.g., Ti or
pBR322 plasmids); or animal cell systems.

[00185] Control elements or regulatory sequences present in an Ad vector may include those non-
translated regions of the vector-enhancers, promoters, and 5° and 3” untranslated regions. Such clements
may vary in their strength and specificity. Depending on the vector system and host utilized, any number
of suitable transcription and translation elements, including constitutive and inducible promoters, may be
used. For example, sequences encoding a polypeptide of interest may be ligated into an Ad
transcription/translation complex consisting of the late promoter and tripartite leader sequence. Insertion
in a non-essential E1 or E3 region of the viral genome may be used to obtain a viable virus which is
capable of expressing the polypeptide in infected host cells. In addition, transcription enhancers, such as
the Rous sarcoma virus (RSV} enhancer, may be used to increase expression in mammalian host cells.
[00186] Specific initiation signals may also be used to achieve more efficient translation of sequences
encoding a polypeptide of interest (e.g., ATG initiation codon and adjacent sequences). Exogenous
translational elements and initiation codons may be of various origins, both natural and synthetic. The
efficiency of expression may be enhanced by the inclusion of enhancers which are appropriate for the
particular cell system which is used. Specific termination sequences, either for transcription or
translation, may also be incorporated in order to achieve efficient translation of the sequence encoding
the polypeptide of choice.

[00187] A variety of protocols for detecting and measuring the expression of polynucleotide-encoded
products (e.g., target antigens), can be used (e.g., using polyclonal or monoclonal antibodies specific for
the product). Examples include enzyme-linked immunosorbent assay (ELISA), radioimmunoassay (RIA),

and fluorescence activated cell sorting (FACS). A two-site, monoclonal-based immunoassay utilizing
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monoclonal antibodies reactive to two non-interfering epitopes on a given polypeptide may be preferred
for some applications, but a competitive binding assay may also be employed.

[00188] The Ad vectors can comprise a product that can be detected or selected for, such as a reporter
gene whose product can be detected, such as by fluorescence, enzyme activity on a chromogenic or
fluorescent substrate, and the like, or selected for by growth conditions. Exemplary reporter genes
include green fluorescent protein (GFP), B-galactosidase, chloramphenicol acetyltransferase (CAT),
luciferase, neomycin phosphotransferase, secreted alkaline phosphatase (SEAP), and human growth
hormone (HGH). Exemplary selectable markers include drug resistances, such as neomycin (G418),
hygromycin, and the like.

[00189] The Ad vectors can also comprise a promoter or expression control sequence. The choice of the
promoter will depend in part upon the targeted cell type and the degree or type of control desired.
Promoters that are suitable within the context of the present invention include, without limitation,
constitutive, inducible, tissue specific, cell type specific, temporal specific, or event-specific. Examples
of constitutive or nonspecific promoters include the SV40 early promoter, the SV40 late promoter, CMV
early gene promoter, bovine papilloma virus promoter, and adenovirus promoter. In addition to viral
promoters, cellular promoters are also amenable within the context of this invention. In particular,
cellular promoters for the so-called housekeeping genes are useful (e.g., B-actin). Viral promoters are
generally stronger promoters than cellular promoters. Inducible promoters may also be used. These
promoters include MMTYV LTR, inducible by dexamethasone, metallothionein, inducible by heavy
metals, and promoters with cAMP response elements, inducible by cAMP, heat shock promoter. By
using an inducible promoter, the nucleic acid may be delivered to a cell and will remain quiescent until
the addition of the inducer. This allows further control on the timing of production of the protein of
interest. Event-type specific promoters (e.g., HIV LTR) can be used, which are active or upregulated only
upon the occurrence of an event, such as tumorigenicity or viral infection, for example. The HIV LTR
promoter 1s inactive unless the tat genc product is present, which occurs upon viral infection. Some
event-type promoters are also tissue-specific. Preferred event-type specific promoters include promoters
activated upon viral infection.

[00190] Examples of promoters include promoters for a-fetoprotein, a-actin, myo D, carcinoembryonic
antigen, VEGF-receptor; FGF receptor; TEK or tie 2; tie; urokinase receptor; E- and P-selectins; VCAM-
1; endoglin; endosialin; aV-B3 integrin; endothelin-1; ICAM-3; E9 antigen; von Willebrand factor;
CD44; CDA40; vascular-endothelial cadherin; notch 4, high molecular weight melanoma-associated
antigen; prostate specific antigen-1, probasin, FGF receptor, VEGF receptor, erb B2; erb B3; erb B4;
MUC-1; HSP-27; int-1; int-2, CEA, HBEGF receptor; EGF receptor; tyrosinase, MAGE, IL-2 receptor;
prostatic acid phosphatase, probasin, prostate specific membrane antigen, a-crystallin, PDGF receptor,

integrin receptor, a-actin, SM1 and SM2 myosin heavy chains, calponin-h1, SM22 a-angiotensin
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receptor, IL-1, IL-2, TL-3, IL-4, IL-5, IL-6, [L-7, IL-8, IL-9, IL-10, IL-11, IL-12, TL-13, IL-14,
immunoglobulin heavy chain, immunoglobulin light chain, and CD4.

[00191] Repressor sequences, negative regulators, or tissue-specific silencers may be inserted to reduce
non-specific expression of the polynucleotide. Multiple repressor elements may be inserted in the
promoter region. Repression of transcription is independent of the orientation of repressor elements or
distance from the promoter. One type of repressor sequence is an insulator sequence. Such sequences
inhibit transcription and can silence background transcription. Negative regulatory elements can be
located in the promoter regions of a number of different genes. The repressor element can function as a
repressor of transcription in the absence of factors, such as steroids, as does the NSE in the promoter
region of the ovalbumin gene. These negative regulatory elements can bind specific protein complexes
from oviduct, none of which are sensitive to steroids. Three different elements are located in the promoter
of the ovalbumin gene. Oligonucleotides corresponding to portions of these elements can repress viral
transcription of the TK reporter. One of the silencer elements shares sequence identity with silencers in
other genes (TCTCTCCNA (SEQ ID NO:11)).

[00192] Elements that increase the expression of the desired target antigen can be incorporated into the
nucleic acid sequence of the Ad vectors described herein. Exemplary elements include internal ribosome
binding sites (IRESs). IRESs can increase translation efficiency. As well, other sequences may enhance
expression. For some genes, sequences especially at the 5” end may inhibit transcription and/or
translation. These sequences are usually palindromes that can form hairpin structures. In some cases,
such sequences in the nucleic acid to be delivered are deleted. Expression levels of the transcript or
translated product can be assayed to confirm or ascertain which sequences affect expression. Transcript
levels may be assayed by any known method, including Northern blot hybridization, RNase probe
protection and the like. Protein levels may be assayed by any known method, including ELISA.
Antigen-Specific Inmunotherapies and Vaccines

[00193] The present disclosure provides for single antigen or combination antigen immunization against
MUCIL, MUCl¢, MUCIn, T, or CEA utilizing such vectors and other vectors as provided herein. The
present disclosure provides for therapeutic vaccines against MUC1, MUCl¢, MUCIn, T, or CEA. The
present disclosure provides for prophylactic vaccines against MUC1, MUCI¢, MUCln, T, or CEA.
Further, in various embodiments, the composition and methods provide herein can lead to clinical
responses, such as altered disease progression or life expectancy.

[00194] AdS[E1-] vectors encoding a variety of antigens can be used to efficiently transduce 95% of ex
vivo exposcd DC’s to high titers of the vector. Importantly, the inventors have discovered increasing
levels of foreign gene expression in the DC with increasing multiplicities of infection (MOI) with the
vector. DCs infected with Ad5 [E1-] vectors can encode a variety of antigens (including the tumor
antigens MART-1, MAGE-A4, DF3/MUCI, p53, hugp100 melanoma antigen, polyoma virus middle -T
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antigen) that have the propensity to induce antigen specific CTL responses, have an enhanced antigen
presentation capacity, and/or have an improved ability to initiate T-cell proliferation in mixed
lymphocyte reactions. Immunization of animals with dendritic cells (DCs) previously transduced by AdS
vectors encoding tumor specific antigens can be used to induce significant levels of protection for the
animals when challenged with tumor cells expressing the respective antigen. Interestingly, intra-tumoral
injection of Ads encoding IL-7 is less effective than injection of DCs transduced with IL-7 encoding Ad5
vectors at inducing antitumor immunity. Ex vive transduction of DCs by Ad5 vectors is contemplated by
the present disclosure. Ex vivo DC transduction strategies can been used to induce recipient host
tolerance. For example, Ad5 mediated delivery of the CTLA4Ig into DCs can block interactions of the
DCs CD80 with CD28 molecules present on T-cells.

[00195] Ad5 vector capsid interactions with DCs may trigger several beneficial responses, which may
be enhancing the propensity of DCs to present antigens encoded by Ad5 vectors. For example, immature
DCs, though specialized in antigen uptake, are relatively inefficient effectors of T-cell activation. DC
maturation coincides with the enhanced ability of DCs to drive T-cell immunity. In some instances, the
compositions and methods of the invention take advantage of an Ad5 infection resulting in direct
induction of DC maturation Ad vector infection of immature bone marrow derived DCs from mice may
upregulate cell surface markers normally associated with DC maturation (MHC T and I, CD40, CDSO0,
CDS86, and ICAM-1) as well as down-regulation of CDl 1¢, an integrin down regulated upon myeloid DC
maturation. In some instances, Ad vector infection triggers IL-12 production by DCs, a marker of DC
maturation. Without being bound by theory, these events may possibly be due to Ad5 triggered activation
of NF-«xB pathways. Mature DCs can be efficiently transduced by Ad vectors, and do not lose their
functional potential to stimulate the proliferation of naive T-cells at lower MOI, as demonstrated by
mature CD83+ human DC (derived from peripheral blood monocytes). However, mature DCs may also
be less infectable than immature ones. Modification of capsid proteins can be used as a strategy to
optimize infection of DC by Ad vectors, as well as enhancing functional maturation, for example using
the CD40L receptor as a viral vector receptor, rather than using the normal CAR receptor infection
mechanisms.

[00196] In various embodiments the compositions and methods of the invention comprising an Ad5
[E1l-, E2b-] vector(s) MUCI, T and CEA vaccine effect of increased overall survival (OS) within the
bounds of technical safety. In various embodiments the compositions and methods of the invention
comprising an AdS [E1-, E2b-] vector(s) MUCIlc, T and CEA vaccine effect of increased overall survival
(OS) within the bounds of technical safety. In various embodiments the compositions and methods of the
invention comprising an Ad5 [E1-, E2b-] vector(s) MUCIn, T and CEA vaccine effect of increased

overall survival (OS) within the bounds of technical safety.
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[00197] In some embodiments, the antigen targets are associated with benign tumors. In some
embodiments, the antigens targeted are associated with pre-cancerous tumors.

[00198] In some embodiments, the antigens targeted are associated with carcinomas, in situ carcinomas,
metastatic tumors, neuroblastoma, sarcomas, myosarcoma, leiomyosarcoma, retinoblastoma, hepatoma,
rhabdomyosarcoma, plasmocytomas, adenomas, gliomas, thymomas, or osteosarcoma. In some
embodiments, the antigens targeted are associated with a specific type of cancer such as neurologic
cancers, brain cancer, thyroid cancer, head and neck cancer, melanoma, leukemia, acute lymphoblastic
leukemia (ALL), acute myelogenous leukemia (AML), chronic myelogenous leukemia (CML), and
chronic lymphocytic leukemia (CLL), non-Hodgkin’s lymphoma, multiple myeloma, Hodgkin’s disease,
breast cancer, bladder cancer, prostate cancer, colorectal cancer, colon cancer, kidney cancer, renal cell
carcinoma, pancreatic cancer, esophageal cancer, lung cancer, mesothelioma, ovarian cancer, cervical
cancer, endometrial cancer, uterine cancer, germ cell tumors, testicular cancer, gastric cancer, or other
cancers, or any clinical (e.g. TNM, Histopathological, Staging or Grading systems or a combination
thereof) or molecular subtype thereof. In some embodiments, the antigens targeted are associated with a
specific clinical or molecular subtype of cancer. By way of example, breast cancer can be divided into at
least four molecular subtypes including Luminal A, Luminal B, Triple ncgative/basal-like, and HER2
type. By way of example, Prostate cancer can be subdivided TNM, Gleason score, or molecular
expression of the PSA protein.

[00199] As noted above, the adenovirus vectors of the present invention comprise nucleic acid
sequences that encode one or more target proteins or antigens of interest. In this regard, the vectors may
contain nucleic acid encoding 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more
different target antigens of interest. The target antigens may be a full length protein or may be a fragment
(c.g., an epitope) thereof. The adenovirus vectors may contain nucleic acid sequences encoding multiple
fragments or epitopes from one target protein of interest or may contain one or more fragments or
cpitopes from numerous different target proteins of interest. A target antigen may comprise any substance
against which it is desirable to generate an immune response but generally, the target antigen is a protein.
A target antigen may comprise a full length protein, a subunit of a protein, an isoform of a protein, or a
fragment thereof that induces an immune response (i.e., an immunogenic fragment). A target antigen or
fragment thereof may be modified, e.g., to reduce one or more biological activities of the target antigen
or to enhance its immunogenicity. The target antigen or target protein can be MUCI1, MUC l¢c, MUCln,
T, CEA, or any combination thereof.

[00200] In certain embodiments, immunogenic fragments bind to an MHC class I or class II molecule.
An immunogenic fragment may “bind to” an MHC class I or class II molecule if such binding is
detectable using any assay known in the art. For example, the ability of a polypeptide to bind to MHC

class [ may be evaluated indirectly by monitoring the ability to promote incorporation of '*I labeled B-2-
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microglobulin (B-2m) into MHC class I/ p2m/peptide heterotrimeric complexes. Alternatively, functional
peptide competition assays that are known in the art may be employed. Immunogenic fragments of
polypeptides may generally be identified using well known techniques. Representative techniques for
identifying immunogenic fragments include screening polypeptides for the ability to react with antigen-
specific antisera and/or T-cell lines or clones. An immunogenic fragment of a particular target
polypeptide is a fragment that reacts with such antisera and/or T-cells at a level that is not substantially
less than the reactivity of the full length target polypeptide (e.g., in an ELISA and/or T-cell reactivity
assay). In other words, an immunogenic fragment may react within such assays at a level that is similar to
or greater than the reactivity of the full length polypeptide. Such screens may be performed using
methods known in the art.

[00201] In some embodiments, the viral vectors of the present invention comprise heterologous nucleic
acid sequences that encode one or more proteins, variants thereof, fusions thereof, or fragments thereof,
that can modulate the immune response. In some embodiments, the viral vector of the present invention
encodes one or more antibodies against specific antigens, such as anthrax protective antigen, permitting
passive immunotherapy. In some embodiments, the viral vectors of the present invention comprise
heterologous nucleic acid sequences encoding one or more proteins having therapeutic effect (e.g., anti-
viral, anti-bacterial, anti-parasitic, or anti-tumor function). In some embodiments the Second Generation
E2b deleted adenovirus vectors comprise a heterologous nucleic acid sequence. In some embodiments,
the heterologous nucleic acid sequence is CEA, MUC1, MUCl¢, MUCIn, T, a variant, a portion, or any
combination thereof.

[00202] Target antigens include, but are not limited to, antigens derived from a variety of tumor
proteins. In some embodiments, parts or variants of tumor proteins are employed as target antigens. In
some embodiments, parts or variants of tumor proteins being employed as target antigens have a
modified, for example, increased ability to effect and immune response against the tumor protein or cells
containing the same. A vaccine of the present invention can vaccinate against an antigen. A vaceine can
also target an epitope. An antigen can be a tumor cell antigen. An epitope can be a tumor cell epitope.
Such a tumor cell epitope may be derived from a wide variety of tumor antigens, such as antigens from
tumors resulting from mutations, shared tumor specific antigens, differentiation antigens, and antigens
overexpressed in tumors. Tumor-associated antigens (TAAs) may be antigens not normally expressed by
the host; they can be mutated, truncated, misfolded, or otherwise abnormal manifestations of molecules
normally expressed by the host; they can be identical to molecules normally expressed but expressed at
abnormally high levels; or they can be expressed in a context or environment that 1s abnormal. Tumor-
associated antigens may be, for example, proteins or protein fragments, complex carbohydrates,

gangliosides, haptens, nucleic acids, other biological molecules or any combinations thereof.

-45-



CA 02974237 2017-07-05

WO 2016/112195 PCT/US2016/012496

[00203] Tlustrative tumor proteins useful in the present invention include, but are not limited to any one
or more of, WT'1, HPV E6, HPV E7, pS3, MAGE-A1, MAGE-A2, MAGE-A3, MAGE-A4, MAGE-AG6,
MAGE-A10, MAGE-A12, BAGE, DAM-6, DAM-10, GAGE-1, GAGE-2, GAGE-8, GAGE-3, GAGE-4,
GAGE-5, GAGE-6, GAGE-7B, NA88-A, NY-ESO-1, MART-1, MCIR, Gpl00, PSA, PSM, Tyrosinase,
TRP-1, TRP-2, ART-4, CAMEL, CEA, Cyp-B, Her2/neu, BRCAI, Brachyury, Brachyury (TIVS7-2,
polymorphism), Brachyury (IVS7 T/C polymorphism), T Brachyury, T, hTERT, hTRT, iCE, MUC1,
MUCI1 (VNTR polymorphism), MUC1¢c, MUCIn, MUC2, PRAME, P15, RU1, RU2, SART-1, SART-3,
WTI, AFP, B-catenin/m, Caspase-8/m, CEA, CDK-4/m, ELF2M, GnT-V, G250, HSP70-2M, HST-2,
KIAA0205, MUM-1, MUM-2, MUM-3, Myosin/m, RAGE, SART-2, TRP-2/INT2, 707-AP, Annexin 11,
CDC27/m, TPI/mbcr-abl, ETV6/AML, LDLR/FUT, Pml/RARg, and TEL/AMLI. In some embodiments,
the viral vector comprises a target antigen sequence encoding a modified polypeptide selected from WTI,
HPV E6, HPV E7, p53, MAGE-A1, MAGE-A2, MAGE-A3, MAGE-A4, MAGE-A6, MAGE-A10,
MAGE-A12, BAGE, DAM-6, DAM-10, GAGE-1, GAGE-2, GAGE-8, GAGE-3, GAGE-4, GAGE-3,
GAGE-6, GAGE-7B, NA88-A, NY-ESO-1, MART-1, MCIR, Gp100, PSA, PSM, Tyrosinase, TRP-1,
TRP-2, ART-4, CAMEL, CEA, Cyp-B, Her2/neu, BRCA1, Brachyury, Brachyury (TIVS7-2,
polymorphism), Brachyury (IVS7 T/C polymorphism), T Brachyury, T, hTERT, hTRT, iCE, MUCI,
MUCI (VNTR polymorphism), MUC1c, MUC1n, MUC2, PRAME, P15, RUL, RU2, SART-1, SART-3,
WTI1, AFP, B-catenin/m, Caspase-8/m, CEA, CDK-4/m, ELF2M, GnT-V, G250, HSP70-2M, HST-2,
KIAA0205, MUM-1, MUM-2, MUM-3, Myosin/m, RAGE, SART-2, TRP-2/INT2, 707-AP, Annexin I,
CDC27/m, TPI/mbcr-abl, ETV6/AML, LDLR/FUT, Pml/RARa, and TEL/AMLI1 wherein the
polypeptide or a fragment thereof has at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99%,
99.5%, 99.9% identity to the described sequence.

[00204] Tllustrative tumor proteins useful in the present invention include, but are not limited to any one
or more of CEA, human epidermal growth factor receptor 2 (HER2/neu), human epidermal growth factor
receptor 3 (HER3), Human papillomavirus (HPV), MUCI, Prostate-specific antigen (PSA), alpha-
actinin-4, ARTC1, CAR-ABL fusion protein (b3a2), B-RAF, CASP-5, CASP-8, beta-catenin, Cdc27,
CDK4, CDKN2A, COA-1, dek-can fusion protein, EFTUD2, Elongation factor 2, ETV6-AMLI fusion
protein, FLT3-ITD, FN1, GPNMB, LDLR -fucosyltransferase fusion protein, HLA-A2d, HLA-Al 1d,
hsp70-2, KIAAO205, MART2, ME1, MUM-1f, MUM-2, MUM-3, nco-PAP, Myosin class I, NFYC,
OGT, 0S-9, p53, pml-RARalpha fusion protein, PRDXS5, PTPRK, K-ras, N-ras, RBAF600, SIRT2,
SNRPDI, SYT-SSX1- or -SSX2 fusion protein, TGF-betaRIl, triosephosphate isomerase, BAGE-1,
GnTV{t, HERV-K-MEL, KK-LC-1, KM-HN-1, LAGE-1, MAGE-A9, MAGE-C2, mucink, NA-88, NY-
ESO-1/LAGE-2, SAGE, Spl7, SSX-2, SSX-4, TAG-1, TAG-2, TRAG-3, TRP2-INT2g, XAGE-1b,
gpl100/Pmell7, Kallikrein 4, mammaglobin-A, Melan-A/MART-1, NY-BR-1, OAIl, PSA, RAB38/NY-
MEL-1, TRP-1/gp75, TRP-2, tyrosinase, adipophilin, AIM-2, ALDH1A1, BCLX (L), BCMA, BING-4,
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CPSF, cyclin D1, DKK1, ENAH (hMena), EP-CAM, EphA3, EZH2, FGF5, G250/MN/CAIX, HER-
2/neu, IL13Ralpha2, intestinal carboxyl esterase, alpha fetoprotein, M-CSFT, MCSP, mdm-2, MMP-2,
MUCI, p53, PBF, PRAME, PSMA, RAGE-1, RGS5, RNF43, RU2AS, secernin 1, SOX10, STEAPI,
survivin, Telomerase, and/or VEGF.

[00205] Tumor-associated antigens may be antigens from infectious agents associated with human
malignancies. Examples of infectious agents associated with human malignancies include Epstein-Barr
virus, Helicobacter pylori, Hepatitis B virus, Hepatitis C virus, Human heresvirus-8, Human
immunodeficiency virus, Human papillomavirus, Human T-cell leukemia virus, liver flukes, and
Schistosoma haematobium.

CEA Antigen Targets

[00206] CEA represents an attractive target antigen for immunotherapy since it is over-expressed in
nearly all colorectal cancers and pancreatic cancers, and is also expressed by some lung and breast
cancers, and uncommon tumors such as medullary thyroid cancer, but is not expressed in other cells of
the body except for low-level expression in gastrointestinal epithelium. CEA contains epitopes that may
be recognized in an MHC restricted fashion by T-cells.

[00207] The inventors have discovered that multiple homologous immunizations with Ad5 [El-, E2b-]-
CEA(6D), encoding the tumor antigen CEA, induced CEA-specific cell-mediated immune (CMI)
responses with antitumor activity in mice despite the presence of pre-existing or induced Ad3-
neutralizing antibody. In the present phase VIl study, cohorts of patients with advanced colorectal cancer
were immunized with escalating doses of AdS [El-, E2b-]-CEA(6D). CEA-specific CMI responses were
observed despite the presence of pre-existing Ad5 immunity in a majority (61.3%) of patients.
Importantly, there was minimal toxicity, and overall patient survival (48% at 12 months) was similar
regardless of pre-existing Ad5 neutralizing antibody titers. The results demonstrate that, in cancer
patients, the novel Ad5 [E1-, E2b-] gene delivery platform generates significant CMI responses to the
tumor antigen CEA in the sctting of both naturally acquired and immunization-induced Ad3specific
immunity.

[00208] CEA antigen specific CMI can be, for example, greater than 10, 20, 30, 40, 50, 100, 200, 300,
400, 500, 600, 700, 800, 900, 1000, 5000, 10000, or more IFN-y spot forming cells (SFC) per 10°
peripheral blood mononuclear cells (PBMC). In some embodiments, the immune response is raised in a
human subject with a preexisting inverse AdS neutralizing antibody titer of greater than 50, 100, 150,
200, 300, 400, 500, 600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 6000,
7000, 8000, 9000, 1000, 12000, 15000 or higher. The immune response may comprise a cell-mediated
immunity and/or a humoral immunity as described herein. The immune response may be measured by
one or more of intracellular cytokine staining (ICS), ELISpot, proliferation assays, cytotoxic T-cell

assays including chromium release or equivalent assays, and gene expression analysis using any number
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of polymerase chain reaction (PCR) or RT-PCR based assays, as described herein and to the extent they
are available to a person skilled in the art, as well as any other suitable assays known in the art for
measuring immune response.

[00209] In some embodiments, the replication defective adenovirus vector comprises a modified
sequence encoding a subunit with at least 75%, 80%, 85%, 90%, 95%, 98%, 99%, 99.5%, 99.9% identity
to a wild-type subunit of the polypeptide.

[00210] The immunogenic polypeptide may be a mutant CEA or a fragment thereof. In some
ermbodiments, the immunogenic polypeptide comprises a mutant CEA with an Asn->Asp substitution at
position 610. In some embodiments, the replication defective adenovirus vector comprises a sequence
encoding a polypeptide with at least 75%, 80%, 83%, 90%, 95%, 98%, 99%, 99.5%, 99.9% identity to
the immunogenic polypeptide. In some embodiments, the sequence encoding the immunogenic
polypeptide comprises the sequence of SEQ. ID. NO:1.

[00211] In some embodiments, the sequence encoding the immunogenic polypeptide comprises a
sequence with at least 70% 75%, 80%, 85%, 90%, 95%, 98%, 99%, 99.5%, 99.9% identity to SEQ. ID.
NO:1 or a sequence generated from SEQ. ID. NO:1 by alternative codon replacements. In some
cmbodiments, the immunogenic polypeptide encoded by the adenovirus vectors comprise up to 1, 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, or more point mutations, such as
single amino acid substitutions or deletions, as compared to a wild-type human CEA sequence.

[00212] In some embodiments, the immunogenic polypeptide comprises a sequence from SEQ. ID.
NO.:2 or a modified version, e.g. comprisingup to 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14,15, 16, 17,
18, 19, 20, 25, 30, 35, 40, or more point mutations, such as single amino acid substitutions or deletions,
of SEQ. ID. NO.:2.

[00213] Members of the CEA gene family are subdivided into three subgroups based on sequence
similarity, developmental expression patterns and their biological functions: the CEA-related Cell
Adhesion Molecule (CEACAM) subgroup containing twelve genes (CEACAM1, CEACAM3-CEACAMS,
CEACAMI6 and CEACAM18-CEACAM?21), the Pregnancy Specific Glycoprotein (PSG) subgroup
containing eleven closely related genes (PSGI-PSG11) and a subgroup of eleven pseudogenes
(CEACAMPI1-CEACAMPI I). Most members of the CEACAM subgroup have similar structures consist
of an extracellular Ig-like domains composed of a single N-terminal V-set domain, with structural
homology to the immunoglobulin variable domains, followed by varying numbers of C2-set domains of
A or B subtypes, a transmembrane domain and a cytoplasmic domain. There are two members of
CEACAM subgroup (CEACAMI16 and CEACAM?20) that show a fcw cxceptions in the organization of
their structures. CEACAM]I6 contains two Ig-like V-type domains at its N and C termini and CEACAM20
contains a truncated Ig-like V-type 1 domain. The CEACAM molecules can be anchored to the cell
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surface via their transmembrane domains (CEACAMS thought CEACAMS) or directly linked to
glycophosphatidylinositol (GPI) lipid moiety (CEACAMS, CEACAMIS8 thought CEACAM21).

[00214] CEA family members are expressed in different cell types and have a wide range of biological
functions. CEACAMs are found prominently on most epithelial cells and are present on different
leucocytes. In humans, CEACAM], the ancestor member of CEA family, is expressed on the apical side
of epithelial and endothelial cells as well as on lymphoid and myeloid cells. CEACAM mediates cell-cell
adhesion through hemophilic (CEACAM]I to CEACAMT) as well as heterothallic (e.g., CEACAMI to
CEACAMS) interactions. In addition, CEACAM 1 is involved in many other biological processes, such as
angiogenesis, cell migration, and immune functions. CEACAM3 and CEACAM4 expression is largely
restricted to granulocytes, and they are able to convey uptake and destruction of several bacterial
pathogens including Neisseria, Moraxella, and Haemophilus species.

[00215] Thus, in various embodiments, compositions and methods of the invention relate to raising an
immune response against a CEA, selected from the group consisting of CEACAM 1, CEACAMS3,
CEACAM4, CEACAMS, CEACAM6, CEACAM7, CEACAMS, CEACAMI16, CEACAMIS,
CEACAMI19, CEACAM20, CEACAM21, PSG1, PSG2, PSG3, PSG4, PSG3, PSG6, PSG7, PSGS,
PSGY, and PSG11. An immune response may be raised against cells, c.g. cancer cells, expressing or
overexpressing one or more of the CEAs, using the methods and compositions of the invention. In some
embodiments, the overexpression of the one or more CEAs in such cancer cells is over 5, 10, 20, 30, 40,
50, 60, 70, 80,90, 100 fold or more compared to non-cancer cells.

Mucin Family Antigen Targets

[00216] The human mucin family (MUCI to MUC21) includes secreted and transmembrane mucins
that play a role in forming protective mucous barriers on epithelial surfaces in the body. These proteins
function in to protecting the epithelia lining the respiratory, gastrointestinal tracts, and lining ducts in
important organs such as, for example the mammary gland, liver, stomach, pancreas, and kidneys.
[00217] MUCI1 (CD227) is a TAA that is over-expressed on a majority of human carcinomas and
several hematologic malignancies. MUC1 (GenBank: X80761.1, NCBI: NM 001204285.1) and activates
many important cellular pathways known to be involved in human disease. MUCI is a heterodimeric
protein formed by two subunits that is commonly overexpressed in several human cancers. MUCI
undergoes autoproteolysis to generate two subunits MUCIn and MUC L¢ that, in turn, form a stable
noncovalent heterodimer.

[00218] The MUCI C-terminal subunit (MUC1¢) can comprise a 58 aa extracellular domain (ED), a 28
aa transmembranc domain (TM) and a 72 aa cytoplasmic domain (CD). The MUC ¢ also can contains a
“CQC” motif that can allow for dimerization of MUC1 and it can also impart oncogenic function to a
cell. In some cases MUCI can in part oncogenic function through inducing cellular signaling via

MUCIc. MUC ¢ can interact with EGFR, ErbB2 and other receptor tyrosine kinases and contributing to
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the activation of the PI3K—AKT and MEK—ERK cellular pathways. In the nucleus, MUCIc¢ activates
the Wnt/B-catenin, STAT and NF-xB RelA cellular pathways. In some cases MUC1 can impart
oncogenic function through inducing cellular signaling via MUC In. The MUC1 N-terminal subunit
(MUCI1n) can comprise variable numbers of 20 amino acid tandem repeats that can be glycosylated.
MUCI is normally expressed at the surface of glandular epithelial cells and is over-expressed and
aberrantly glycosylated in carcinomas. MUCI is a TAA that can be utilized as a target for tumor
immunotherapy. Several clinical trials have been and are being performed to evaluate the use of MUC1
in immunotherapeutic vaccines. Importantly, these trials indicate that immunotherapy with MUC1
targeting is safe and may provide survival benefit.

[00219] However, clinical trials have also shown that MUCI is a relatively poor immunogen. To
overcome this, the inventors have identified a T lymphocyte immune enhancer peptide sequence in the C
terminus region of the MUCT oncoprotein (MUC1-C or MUCIc¢). Compared with the native peptide
sequence, the agonist in their modified MUC!-C (a) bound HLA-A2 at lower peptide concentrations, (b)
demonstrated a higher avidity for HLA-A2, (¢) when used with antigen-presenting cells, induced the
production of more IFN-y by T-cells than with the use of the native peptide, and (d) was capable of more
cfficiently gencrating MUC 1 -specific human T-cell lines from cancer patients. Importantly, T-cell lines
generated using the agonist epitope were more efficient than those generated with the native epitope for
the lysis of targets pulsed with the native epitope and in the lysis of HLA-A2 human tumor cells
expressing MUC1. Additionally, the inventors have identified additional CD8+ cytotoxic T lymphocyte
immune enhancer agonist sequence epitopes of MUC1-C.

[00220] The present disclosure provides a potent MUC1-C modified for immune enhancer capability
(mMUC1-C or MUC1-C or MUCc). The present disclosure provides a potent MUC1-C modified for
immune enhancer capability incorporated it into a recombinant Ad5 [E1-, E2b-] platform to produce a
new and more potent immunotherapeutic vaccine. For example, the immunotherapeutic vaccine can be
Ad5 [EL-, E2b-]-mMUC1-C for treating MUCI expressing cancers or infectious discases.

[00221] Post-translational modifications play an important role in controlling protein function in the
body and in human disease. For example, in addition to proteolytic cleavage discussed above, MUCI can
have several post-translational modifications such as glycosylation, sialylation, palmitoylation, or a
combination thereof at specific amino acid residues. Provided herein are immunotherapies targeting
glycosylation, sialylation, phosphorylation, or palmitoylation modifications of MUCI.

[00222] MUCI can be highly glycosylated (N- and O-linked carbohydrates and sialic acid at varying
degrees on serine and threonine residues within cach tandem repeat, ranging from mono- to penta-
glycosylation). Differentially O-glycosylated in breast carcinomas with 3,4-linked GlcNAc. N-

glycosylation consists of high-mannose, acidic complex-type and hybrid glycans in the secreted form
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MUCI/SEC, and neutral complex-type in the transmembrane form, MUC1/TM.4. The present disclosure
provides for immunotherapies targeting differentially O-glycosylated forms of MUCI.

[00223] Further, MUCI can be sialylated. Membrane-shed glycoproteins from kidney and breast cancer
cells have preferentially sialyated core 1 structures, while secreted forms from the same tissues display
mainly core 2 structures. The O-glycosylated content is overlapping in both these tissues with terminal
fucose and galactose, 2- and 3-linked galactose, 3- and 3,6-linked GalNAc-ol and 4-linked GlcNAc
predominating. The present disclosure provides for immunotherapies targeting various sialylation forms
of MUC. Dual palmitoylation on cysteine residues in the CQC motif is required for recycling from
endosomes back to the plasma membrane. The present disclosure provides for immunotherapies targeting
various palmitoylation forms of MUCI.

[00224] Phosphorylation can affect MUCI ’s ability to induces specific cell signaling responses that are
important for human health. The present disclosure provides for immunotherapies targeting various
phosphorylated forms of MUC1.For example, MUC1 can be phosphorylated on tyrosine and serine
residues in the C-terminal domain. Phosphorylation on tyrosines in the C-terminal domain can increase
nuclear location of MUCT1 and B-catenin. Phosphorylation by PKC delta can induce binding of MUCT to
p-catenin/CTNNBI and decrease formation of B-catenin/E-cadherin complexes. Src-mediated
phosphorylation of MUCT can inhibits interaction with GSK3B. Src- and EGFR-mediated
phosphorylation of MUCI on Tyr-1229 can increase binding to B-catenin/CTNNB1. GSK3B-mediated
phosphorylation of MUCI on Ser-1227 can decrease this interaction but restores the formation of the f3-
cadherin/E-cadherin complex. PDGFR-mediated phosphorylation of MUCI can increase nuclear
colocalization of MUC1CT and CTNNBI. The present disclosure provides for immunotherapies
targeting different phosphorylated forms of MUC1, MUC 1c and MUC 1n known to regulate its cell
signaling abilities.

[00225] The disclosure provides for immunotherapies that modulate MUC1c cytoplasmic domain and
its functions in the cell. The disclosure provides for immunotherapies that comprise modulating a CQC
motif in MUClc. The disclosure provides for immunotherapies that comprise modulating the
extracellular domain (ED), the transmembrane domain (TM), the cytoplasmic domain (CD) of MUClc,
or a combination thereof. The disclosure provides for immunotherapies that comprise modulating
MUCI¢’s ability to induce cellular signaling through EGFR, ErbB2 or other receptor tyrosine kinases.
The disclosure provides for immunotherapies that comprise modulating MUC1¢’s ability to induce
PI3K—AKT, MEK—ERK, Wnt/B-catenin, STAT, NF-kB RelA cellular pathways, or combination
thereof. In some embodiments, the MUC1¢ immunotherapy can further comprise CEA.

[00226] The disclosure also provides for immunotherapies that modulate MUC Ln and its cellular

functions. The disclosure also provides for immunotherapies comprising tandem repeats of MUCln, the
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glycosylation sites on the tandem repeats of MUC In, or a combination thereof. In some embodiments,
the MUC In immunotherapy further comprises CEA.

[00227] The disclosure also provides vaccines comprising MUCIn, MUC ¢, CEA, or a combination
thereof. The disclosure provides vaccines comprising MUC1c and CEA. The disclosure also provides
vaccines targeting MUC1n and CEA. In some embodiments, the antigen combination is contained in one
vector as provided herein. In some embodiments, the antigen combination is contained in a separate
vector as provided herein.

[00228] The present invention relates to a replication defective adenovirus vector of serotype 3
comprising a sequence encoding an immunogenic polypeptide. The immunogenic polypeptide may be an
isoform of MUCT or a subunit or a fragment thereof. In some embodiments, the replication defective
adenovirus vector comprises a sequence encoding a polypeptide with at least 75%, 80%, 85%, 90%, 95%,
98%, 99%, 99.5%, 99.9% identity to the immunogenic polypeptide. In some embodiments, the sequence
encoding the immunogenic polypeptide comprises the sequence of SEQ. ID. NO.:5. In some
embodiments, the sequence encoding the immunogenic polypeptide comprises the following sequence
identified by SEQ. ID. NO.:6. In some embodiments, the sequence encoding the immunogenic
polypeptide compriscs the following sequence identified by SEQ. ID. NO.:9. In some ecmbodiments, the
sequence encoding the immunogenic polypeptide comprises a sequence with at least 70%, 75%, 80%,
85%, 90%, 95%, 98%, 99%, 99.5%, 99.9% identity to SEQ. ID. NO:5, SEQ. ID. NO:6, SEQ. ID. NO.:9
or a sequence generated from SEQ. ID. NO.:5, SEQ. ID. NO:6, SEQ. ID. NO.:9 by alternative codon
replacements. In some embodiments, the immunogenic polypeptide encoded by the adenovirus vectors
described herein comprisingup to 1, 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30,
35, 40, or more point mutations, such as single amino acid substitutions or deletions, as compared to a
wild-type human MUCI sequence.

Brachyury Antigen Targets

[00229] The disclosure also provides for immunotherapies that comprise onc or more antigens to
Brachyury. Brachyury (also known as the “T” protein in humans) is a member of the T-box family of
transcription factors that play key roles during early development, mostly in the formation and
differentiation of normal mesoderm and is characterized by a highly conserved DNA-binding domain
designated as T-domain. The epithelial to mesenchymal transition (EMT) is a key step during the
progression of primary tumors into a metastatic state in which Brachyury plays a crucial role. The
expression of Brachyury in human carcinoma cells induces changes characteristic of EMT, including up-
rcgulation of mesenchymal markers, down-regulation of epithelial markers, and an increase in cell
migration and invasion. Conversely, inhibition of Brachyury resulted in down-regulation of mesenchymal
markers and loss of cell migration and invasion and diminished the ability of human tumor cells to form

metastases. Brachyury can function to mediate epithelial-mesenchymal transition and promotes invasion.
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[00230] The disclosure also provides for immunotherapies that modulate Brachyury effect on epithelial-
mesenchymal transition function in cell proliferation diseases, such as cancer. The disclosure also
provides for immunotherapies that modulate Brachyury’s ability to promote invasion in cell proliferation
diseases, such as cancer. The disclosure also provides for immunotherapies that modulate the DNA
binding function of T-box domain of Brachyury. In some embodiments, the Brachyury immunotherapy
can further comprise one or more antigens to CEA or MUC1, MUC1c or MUCln.

[00231] Brachyury expression is nearly undetectable in most normal human tissues and is highly
restricted to human tumors and often overexpressed making it an attractive target antigen for
immunotherapy. In human, Brachyury is encoded by the T gene (GenBank: AJ001699.1, NCBI:

NM 003181.3). There are at least two different isoforms produced by alternative splicing found in
humans. Each isoform has a number of natural variants.

[00232] Brachyury is immunogenic and Brachyury-specific CD8+ T-cells expanded in vitro can lyse
Brachyury expressing tumor cells. These features of Brachyury make it an attractive TAA for
immunotherapy. The Brachyury protein is a T-box transcription factor. It can bind to a specific DNA
element, a near palindromic sequence “TCACACCT” through a region in its N-terminus, called the T-
box to activate gene transcription when bound to such a site.

[00233] The disclosure also provides vaccines comprising Brachyury, CEA, or a combination thereof.
In some embodiments, the antigen combination is contained in one vector as provided herein. In some
embodiments, the antigen combination is contained in a separate vector as provided herein.

[00234] In particular embodiments, the present invention relates to a replication defective adenovirus
vector of serotype 5 comprising a sequence encoding an immunogenic polypeptide. The immunogenic
polypeptide may be an isoform of Brachyury or a subunit or a fragment thereof. In some embodiments,
the replication defective adenovirus vector comprises a sequence encoding a polypeptide with at least
70%, 75%, 80%, 85%, 90%, 95%, 98%, 99%, 99.5%, 99.9% identity to the immunogenic polypeptide. In
some embodiments, the sequence encoding the immunogenic polypeptide comprises the following
sequence identified by SEQ. ID. NO.:7. In some embodiments, the replication defective adenovirus
vector comprises a sequence encoding a polypeptide with at least 70%, 75%, 80%, 85%, 90%, 95%,
98%, 99%, 99.5%, 99.9% identity to the immunogenic polypeptide. In some embodiments, the sequence
encoding the immunogenic polypeptide comprises the sequence of SEQ. ID. NO.:8. In some
embodiments, the sequence encoding the immunogenic polypeptide comprises a sequence with at least
70%, 75%, 80%, 83%, 90%, 95%, 98%, 99%, 99.5%, 99.9% identity to SEQ. ID. NO:7, SEQ. ID. NO:8
or a sequence generated from SEQ. ID. NO:7, SEQ. ID. NO:8 by alternative codon replacements. In
some embodiments, the immunogenic polypeptide encoded by the adenovirus vectors described herein

comprisingupto 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, or more

-53-



CA 02974237 2017-07-05

WO 2016/112195 PCT/US2016/012496

point mutations, such as single amino acid substitutions or deletions, as compared to a wild-type human
Brachyury sequence.

Infectious Disease Associated Antigen Targets

[00235] Target antigens of the present disclosure include, but are not limited to, antigens derived from
any of a variety of infectious agents such as parasites, bacteria, virus, prions, and the like. An infectious
agent may refer to any living organism capable of infecting a host. Infectious agents include, for
example, bacteria, any varicty of viruses, such as, single stranded RNA viruses, single stranded DNA
viruses, fungi, parasites, and protozoa.

[00236] Examples of infectious disease associated target antigens that can be used with the
compositions and the methods of the present disclosure can be derived from the following:
Actinobacillus spp., Actinomyces spp., Adenovirus (types 1, 2, 3, 4, 5 et 7), Adenovirus (types 40 and
41), Aerococcus spp., Aeromonas hydrophila, Ancylostoma duodenale, Angiostrongylus cantonensis,
Ascaris lumbricoides, Ascaris spp., Aspergillus spp., Babesia spp, B. microti, Bacillus anthracis, Bacillus
cereus, Bacteroides spp., Balantidium coli, Bartonella bacilliformis, Blastomyces dermatitidis,
Bluetongue virus, Bordetella bronchiseptica, Bordetella pertussis, Borrelia afzelii, Borrelia burgdorferi,
Borrelia garinii, Branhamella catarrhalis, Brucella spp. (B. abortus, B. canis, B. melitensis, B. suis),
Brugia spp., Burkholderia, (Pseudomonas) mallei, Burkholderia (Pseudomonas) pseudomallei, California
serogroup, Campylobacter fetus subsp. Fetus, Campylobacter jejuni, C. coli, C. fetus subsp. Jejuni,
Candida albicans, Capnocytophaga spp., Chikungunya virus, Chlamydia psittaci, Chlamydia trachomatis,
Citrobacter spp., Clonorchis sinensis, Clostridium botulinum, Clostridium difficile, Clostridium
perfringens, Clostridium tetani, Clostridium spp. (with the exception of those species listed above),
Coccidioides immitis, Colorado tick fever virus, Corynebacterium diphtheriae, Coxiella burnetii,
Coxsackievirus, Creutzfeldt-Jakob agent, Kuru agent, Crimean-Congo hemorrhagic fever virus,
Cryptococcus neoformans, Cryptosporidium parvum, Cytomegalovirus, Cyclospora cayatanesis, Dengue
virus (1, 2, 3, 4), Diphtheroids, Eastern (Western) equine encephalitis virus, Ebola virus, Echinococcus
granulosus, Echinococcus multilocularis, Echovirus, Edwardsiella tarda, Entamoeba histolytica,
Enterobacter spp., Enterovirus 70, Epidermophyton floccosum, Ehrlichia spp, Ehrlichia sennetsu,
Microsporum spp. Trichophyton spp., Epstein-Barr virus, Escherichia coli, enterohemorrhagic,
Escherichia coli, enteroinvasive, Escherichia coli, enteropathogenic, Escherichia coli, enterotoxigenic,
Fasciola hepatica, Francisella tularensis, Fusobacterium spp., Gemella haemolysans, Giardia lamblia,
Guanarito virus, Haemophilus ducreyi, Haemophilus influenzae (group b), Hantavirus, Hepatitis A virus,
Hepatitis B virus, Hepatitis C virus, Hepatitis D virus, Hepatitis E virus, Herpes simplex virus,
Herpesvirus simiae, Histoplasma capsulatum, Human coronavirus, Human immunodeficiency virus,
Human papillomavirus, Human rotavirus, Human T-lymphotrophic virus, Influenza virus including

H5NT, Junin virus/Machupo virus, Klebsiella spp., Kyasanur Forest disease virus, Lactobacillus spp.,
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Lassa virus, Legionella pneumophila, Leishmania major, Leishmania infantum, Leishmania spp.,
Leptospira interrogans, Listeria monocytogenes, Lymphocytic choriomeningitis virus, Machupo virus,
Marburg virus, Measles virus, Micrococcus spp., Moraxella spp., Mycobacterium spp. (other than M.
bovis, M. tuberculosis, M. avium, M. leprae), Mycobacterium tuberculosis, M. bovis, Mycoplasma
hominis, M. orale, M. salivarium, M. fermentans, Mycoplasma pneumoniae, Naegleria fowleri, Necator
americanus, Neisseria gonorrhoeae, Neisseria meningitides, Neisseria spp. (other than N. gonorrhoeae
and N. meningitidis), Nocardia spp., Norwalk virus, Omsk hemorrhagic fever virus, Onchocerca
volvulus, Opisthorchis spp., Parvovirus B19, Pasteurella spp., Peptococcus spp., Peptostreptococcus spp.,
Plasmodium falciparum, Plasmodium vivax, Plasmodium spp., Plesiomonas shigelloides, Powassan
encephalitis virus, Proteus spp., Pseudomonas spp. (other than P. mallei, P. pseudomallei), Rabies virus,
Respiratory syncytial virus, Rhinovirus, Rickettsia akari, Rickettsia prowazekii, R. Canada, Rickettsia
rickettsii, Rift Valley virus, Ross river virus/O’Nyong-Nyong virus, Rubella virus, Salmonella
choleraesuis, Salmonella paratyphi, Salmonella typhi, Salmonella spp. (with the exception of those
species listed above), Schistosoma spp., Scrapic agent, Serratia spp., Shigella spp., Sindbis virus,
Sporothrix schenckii, St. Louis encephalitis virus, Murray Valley encephalitis virus, Staphylococcus
aurcus, Streptobacillus moniliformis, Streptococcus agalactiae, Streptococcus faccalis, Streptococcus
pneumoniae, Streptococcus pyogenes, Streptococcus salivarius, Taenia saginata, Taenia solium,
Toxocara canis, T. cati, T. cruzi, Toxoplasma gondii, Treponema pallidum, Trichinella spp.,
Trichomonas vaginalis, Trichuris trichiura, Trypanosoma brucei, Trypanosoma cruzi, Ureaplasma
urealyticum, Vaccinia virus, Varicella-zoster virus, eastern equine encephalitis virus (EEEV), severe
acute respiratory virus (SARS), Venezuelan equine encephalitis virus (VEEV), Vesicular stomatitis virus,
Vibrio cholerae, serovar 01, Vibrio parahaemolyticus, West Nile virus, Wuchereria bancrofti, Yellow
fever virus, Yersinia enterocolitica, Yersinia pseudotuberculosis, and Yersinia pestis. Target antigens
may include proteins, or variants or fragments thereof, produced by any of the infectious organisms.
[00237] A number of viruses are associated with viral hemorrhagic fever, including filoviruses (e.g.,
Ebola, Marburg, and Reston), arenaviruses (e.g. Lassa, Junin, and Machupo), and bunyaviruses. In
addition, phleboviruses, including, for example, Rift Valley fever virus, have been identified as etiologic
agents of viral hemorrhagic fever. Etiological agents of hemorrhagic fever and associated inflammation
may also include paramyxoviruses, particularly respiratory syncytial virus. In addition, other viruses
causing hemorrhagic fevers in man have been identified as belonging to the following virus groups:
togavirus (Chikungunya), flavivirus (dengue, yellow fever, Kyasanur Forest disease, Omsk hemorrhagic
fever), nairovirus (Crimian-Congo hemorrhagic fever) and hantavirus (hemorrhagic fever with renal
syndrome, nephropathic epidemia). Furthermore, Sin Nombre virus was identified as the etiologic agent

of the 1993 outbreak of hantavirus pulmonary syndrome in the American Southwest.
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[00238] Target antigens may include viral coat proteins, i.e., influenza neuraminidase and
hemagglutinin, HIV gp160 or derivatives thereof, HIV Gag, HIV Nef, HIV Pol, SARS coat proteins,
herpes virion proteins, WNV proteins, etc. Target antigens may also include bacterial surface proteins
including pneumococcal PsaA, PspA, LytA, surface or virulence associated proteins of bacterial
pathogens such as Nisseria gonnorhea, outer membrane proteins or surface proteases.

HPV Antigen Targets

[00239] Target antigens may also include proteins, or variants or fragments thereof, associated with
human papillomavirus (HPV), such as oncoproteins E6 and E7. In certain embodiments, the oncoprotein
may be modified to produce a non-oncogenic variant or a variant having reduced oncogenicity relative to
the wild type protein. For example, the portion of the peptide that is responsible for binding a tumor
suppressor protein (e.g., pS3 and pRb) may be deleted or modified so that it no longer interacts with the
tumor suppressor protein. As another example, an oncoprotein that is a kinase, such as Her2/neu, may be
kinase-inactivated, e.g., by point mutation. In some instances, two or more target antigens may be used
during immunization. For example, the E6 and E7 antigens can be combined in a fusion protein, or
separate vectors containing heterologous nucleotides encoding the modified or unmodified E6 and E7
target antigens arc used in combination. For cxample, an Ad5-E6 vector can be administered with an
Ad5-E7 vector. In this example, the Ad5-E6 vector and Ad5-E7 vector may be administered
simultaneously or they may be administered sequentially.

[00240] High-risk human papillomavirus (HPV) such as HPV type-16 is associated with the etiology of
cervical and more than 90% of HPV -related head and neck squamous cell carcinomas. Preventive
vaccines such as human papillomavirus bivalent [Types 16 and 18] vaccine and recombinant and human
papillomavirus quadrivalent [Types 6, 11, 16, and 18] vaccine can be a primary defense against HPV
associated cancers by preventing infection with the virus but reports indicate that they are not effective
for active immunotherapy of established disease. The HPV early 6 (E6) and early 7 (E7) genes are
expressed at high levels in HPV-induced cancers and are involved in the immortalization of primary
human epidermal cells. Thus, these are ideal targets for tumor-specific immunotherapy because unlike
many other tumor-associated antigens these viral antigens are “non-self” and thus do not have the
potential to induce autoimmunity.

[00241] Disclosed herein is an immunotherapy against human papilloma virus (HPV) using a viral gene
delivery platform to immunize against HPV 16 genes E6 and E7 (Ad5 [E1-, E2b-]-E6/E7) combined with
programmed death-ligand 1 (PD1) blockade. Also disclosed herein is an immunotherapeutic comprised
of a gene delivery vehicle (Ad5 [El-, E2b-]) carrying modificd genes for HPV type-16 E6 and E7. The
HPV E6 and E7 genes can be modified to render them non-oncogenic while retaining the antigenicity
necessary to produce an immune response against HPV induced tumors. The modified genes can lack the

capacity to degrade p53, pRb, and PTPN13. The modified genes can be incorporated into a vaccine (Ad5
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[El-, E2b-]-E6/E7). The Ad5 [El-, E2b-]-E6/E7 vaccine can retain the ability to induce an HPV-specific
cell-mediated immune (CMI) response and can synergize with standard clinical therapy, enhancing
immune-mediated clearance of an HPV-E6/E7 expressing tumor.

[00242] A balance between activation and inhibitory signals regulates the interaction between T
lymphocytes and tumor cells, wherein T cell responses are initiated through antigen recognition by T-cell
receptors (TCRs). In some cases, when combined with chemotherapy/radiation treatment in HPV-E6/E7
expressing tumor bearing mice, immunotherapy treatment with AdS [El-, E2b-]-E6/E7 can result in
significant improvement in overall survival as compared to subjects that receive chemotherapy/radiation
alone.

Personalized Tumor Associated Antigens

[00243] In certain embodiments tumor associated antigens used with the compositions and methods of
the invention may be identified directly from an individual with a proliferative disease or cancer. In
certain embodiments, cancers may include benign tumors, metastatic tumors, carcinomas, or sarcomas
and the like. In some embodiments, a personalized tumor antigen my comprise MUC1, MUCl¢, MUCln,
T, or CEA characterized from a patient and further utilized as the target antigen as a whole, in part or as a
variant.

[00244] In this regard, screens can be carried out using a variety of known technologies to identify
tumor target antigens from an individual. For example, in one embodiment, a tumor biopsy is taken from
a patient, RNA is isolated from the tumor cells and screened using a gene chip (for example, from
Affymetrix, Santa Clara, Calif.) and a tumor antigen is identified. Once the tumor target antizen is
identified, it may then be cloned, expressed and purified using techniques known in the art.

[00245] This target antigen can then linked to one or more epitopes or incorporated or linked to
cassettes or viral vectors described herein and administered to the patient in order to alter the immune
response to the target molecule isolated from the tumor. In this manner, “personalized” immunotherapy
and vaccines are contemplated within the context of the invention. Where caner is genetic, that is
inherited, for example the patient has been identified to have a BRACI or BRAC2 mutation, the vaccine
can be used prophylactically. When the cancer is sporadic the immunotherapy can be used to reduce the
size of the tumor, enhance overall and reduce reoccurrence of the cancer in a subject.

Combination Immunotherapies and Vaccines

[00246] The present disclosure provides for a combination immunotherapy and vaccine compositions
for the treatment of cancer and infectious diseases. In some aspects, combination immunotherapies and
vaccines provided herein can comprise a multi-targeted immunotherapeutic approach against antigens
associated with the development of cancer such as tumor associated antigen, (TAA) or antigens know to
be involved in a particular infectious disease, such as infectious disease associated antigen (IDAA). In

some aspects, combination immunotherapies and vaccines provided herein can comprise a multi-targeted
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antigen signature immunotherapeutic approach against antigens associated with the development of
cancer or infectious disease. The compositions and methods of the invention, in various embodiments,
provide viral based vectors expressing a variant of MUC1, MUClc, MUCIn, T, and/or CEA for
immunization of a disease, as provided herein. These vectors can raise an immune response against
MUCI1, MUCle¢, MUCln, T, and/or CEA.

[00247] In some aspects, the vector comprises at least one antigen. In some aspects, the vector
comprises at least two antigens. In some aspects, the vector comprises at lcast three antigens. In some
aspects, the vector comprises more than three antigens. In some aspects, the vaccine formulation
comprises 1:1 ratio of vector to antigen. In some aspects, the vaccine comprises 1:2 ratio of vector to
antigen. In some aspects, the vaccine comprises 1:3 ratio of vector to antigen. In some aspects, the
vaccine comprises 1:4 ratio of vector to antigen. In some aspects, the vaccine comprises 1:5 ratio of
vector to antigen. In some aspects, the vaccine comprises 1:6 ratio of vector to antigen. In some aspects,
the vaccine comprises 1:7 ratio of vector to antigen. In some aspects, the vaccine comprises 1:8 ratio of
vector to antigen. In some aspects, the vaccine comprises 1:9 ratio of vector to antigen. In some aspects,
the vaccine comprises 1:10 ratio of vector to antigen.

[00248] In some aspects, the vaccine is a combination vaccine, wherein the vaccine comprises at least
two vectors each containing at least a single antigen. In some aspects the vaccine is a combination
vaccine, wherein the vaccine comprises at least three vectors each containing at least a single antigen
target. In some aspects the vaccine is a combination vaccine, wherein the vaccine comprises more than
three vectors each containing at least a single antigen.

[00249] In some aspects, the vaccine is a combination vaccine, wherein the vaccine comprises at least
two vectors, wherein a first vector of the at least two vectors comprises at least a single antigen and
wherein a second vector of the at least two vectors comprises at least two antigens. In some aspects, the
vaccine is a combination vaccine, wherein the vaccine comprises at least three vectors, wherein a first
vector of the at least three vectors compriscs at lcast a single antigen and wherein a second vector of the
at least three vectors comprises at least two antigens. In some aspects, the vaccine is a combination
vaccine, wherein the vaccine comprises three or more vectors, wherein a first vector of the three or more
vectors comprises at least a single antigen and wherein a second vector of the three or more vectors
comprises at least two antigens. In some aspects the vaccine is a combination vaccine, wherein the
vaccine comprises more than three vectors each containing at least two antigens.

[00250] When a mixture of different antigens are simultaneously administered or expressed from a same
or different vector in an individual, they may compete with one another. As a result the formulations
comprising different concentration and ratios of expressed antigens in a combination immunotherapy or
vaccine must be evaluated and tailored to the individual or group of individuals to ensure that effective

and sustained immune responses occur after administration.
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[00251] Composition that comprises multiple antigens can be present at various ratios. For example,
formulations with more than vector can have various ratios. For example, immunotherapies or vaccines
can have two different vectors in a stoichiometry of 1:1, 1:2, 1:3, 1:4, 1:5, 1:6, 1 :7, 1:8, 1:9, 1:10, 1:15,
1:20, 1:30, 2:1, 2:3, 2:4, 2:5, 2:6, 2:7, 2:8, 3:1, 3:3, 3:4, 3:5, 3:6, 3:7, 3:§, 3: 1, 3:3, 3:4, 3:5, 3:6, 3:7, 3:8,
4:1,4:3,4:5,4:6,4:7,4:8,5: 1, 5:3, 5:4, 5:6,5:7, 5:8, 6:1,6:3,6:4, 6:5,6:7,6:8,7:1,7:3,7:4, 7.5, 7:6,
7:8,8: 1, 8:3, 8:4, 8:5, 8:6, or 8:7. For example, immunotherapies or vaccines can have three different
vectors in a stoichiometry of: 1:1:1, 1:2:1, 1:3:1, 1:4:1, 1:5:1, 1:6:1, 1:7:1, [:8:1, 2:1:1, 2:3:1, 2:4:1,
2:5:1,2:6:1,2:7:1, 2:8:1, 3:1, 3:3:1, 3:4:1, 3:5:1, 3:6:1, 3:7:1, 3:8:1, 3:1:1, 3:3:1, 3:4:1, 3:5:1, 3:6:1,
3:7:1,3:8:1, 4:1:1, 4:3:1, 4:4: 1, 4:5:1, 4:6:1, 4:7:1, 4:8:1, 5:1:1, 5:3:1, 5:4:1, 5:5:1, 5:6:1, 5:7:1, 5:8:1,
6:1:1,6:3:1,6:4:1, 6:5:1,6:6:1,6:7:1, 6:8:1, 7:1:1, 7:3:1, 7:4:1, 7:5:1, 7:6:1, 7:7:1, 7:8:1, 8:1:1, 8:3:1,
8:4:1, 8:5:1, 8:6:1, 8:7:1, 8:8:1, 1:1:2, 1:2:2, 1:3:2, 1:4:2, 1:5:2, 1:6:2, 1:7:2, 1:8:2, 2:1:2, 2:3:2, 2:4:2,
2:5:2,2:6:2,2:7:2, 2:8:2,3:1:2, 3:3:2, 3:4:2, 3:5:2, 3:6:2, 3:7:2, 3:8:2, 3:1:2, 3:3:2, 3:4:2, 3:5:2, 3:6:2,
3:7:2,3:8:2,4:1:2,4:3:2,4:4:2, 4:5:2, 4:6:2,4:7:2, 4:8:2,5:1:2, 5:3:2, 5:4:2,5:5:2, 5:6:2, 5:7:2, 5:8:2,
6:1:2,6:3:2, 6:4:2, 6:5:2, 6:6:2, 6:7:2, 6:8:2, 7:1:2, 7:3:2, 7:4:2, 7:5:2, 7:6:2, 7:7:2, 7:8:2, 8:1:2, 8:3:2,
8:4:2,8:5:2, 8:6:2, 8:7:2, 8:8:2, 1:1:3, 1:2:3, 1:3:3, 1:4:3, 1:5:3, 1:6:3, 1:7:3, 1:8:3, 2:1:3, 2:3:3, 2:4:3,
2:5:3, 2:6:3, 2:7:3, 2:8:3, 3:1:3, 3:3:3, 3:4:3, 3:5:3, 3:6:3, 3:7:3, 3:8:3, 3:1:3, 3:3:3, 3:4:3, 3:5:3, 3:6:3,
3:7:3,3:8:3,4:1:3,4:3:3,4:4:3,4:5:3, 4:6:3, 4:7:3, 4:8:3, 5:1:3, 5:3:3, 5:4:3, 5:5:3, 5:6:3, 5:7:3, 5:8:3,
6:1:3, 6:3:3, 6:4:3, 6:5:3, 6:6:3, 6:7:3, 6:8:3, 7:1:3, 7:3:3, 7:4:3, 7:5:3, 7:6:3, 7:7:3, 7:8:3, 8:1:3, 8:3:3,
8:4:3, 8:5:3, 8:6:3, R:7:3, 8:8:3, 1:1:4, 1:2:4, 1:3:4, 1:4:4,1:54, 1:6:4, 1:7:4, 1:8:4, 2:1:4,2:3:4, 2:4:4,
2:5:4,2:6:4, 2:7:4, 2:8:4, 3:1:4, 3:3:4, 3:4:4, 3:5:4, 3:6:4,3:7:4, 3:8:4, 3:1:4, 3:3:4, 3:4:4, 3:5:4, 3:6:4,
3:7:4,3:8:4,4:1:4, 4:3:4, 4:4:4, 4:5:4, 4:6:4, 4:7:4, 4:8:4, 5:1:4, 5:3:4, 5:4:4, 5:5:4, 5:6:4, 5:7:4, 5:8:4,
6:1:4,6:3:4, 6:4:4, 6:5:4, 6:6:4, 6:7:4, 6:8:4, 7:1:4, 7:3:4, 7:4:4, 7:5:4, 7:6:4, 7:7:4, 7:8:4, 8:1:4, 8:3:4,
8:4:3, B:5:4, 8:6:4, 8:7:4, 8:8:4, 1:1:5, 1:2:5, 1:3:5, 1:4:5, 1:5:5, 1:6:5, 1:7:5, 1:8:5, 2:1:5, 2:3:5, 2:4:5,
2:5:5,2:6:5, 2:7:5, 2:8:5, 3:1:5, 3:3:5, 3:4:5, 3:5:5, 3:6:5, 3:7:5, 3:8:5, 3:1:5, 3:3:5, 3:4:5, 3:5:5, 3:6:5,
3:7:5, 3:8:5, 4:1:5, 4:3:5, 4:4:5, 4:5:5, 4:6:5, 4:7:5, 4:8:5, 5:1:5, 5:3:5, 5:4:5, 5:5:5, 5:6:5, 5:7:5, 5:8:5,
6:1:5, 6:3:5, 6:4:5, 6:5:5, 6:6:5, 6:7:5, 6:8:5, 7:1:5, 7:3:5, 7:4:5, 7:5:5, 7:6:5, 7:7:5, 7:8:5, 8:1:5, 8:3:5,
8:4:5, 8:5:5, 8:6:5, 8:7:5, 8:8:5, 1:1:6, 1:2:6, 1:3:6, 1:4:6, 1:5:6, 1:6:6, 1:7:6, 1:8:6, 2:1:6, 2:3:6, 2:4:6,
2:5:6, 2:6:6, 2:7:6, 2:8:6, 3:1:6, 3:3:6, 3:4:6, 3:5:6, 3:6:6, 3:7:6, 3:8:6, 3:1:6, 3:3:6, 3:4:6, 3:5:6, 3:6:6,
3:7:6, 3:8:6, 4:1:6, 4:3:6, 4:4:6, 4:5:6, 4:6:6, 4:7:6, 4:8:6, 5:1:6, 5:3:6, 5:4:6, 5:5:6, 5:6:6, 5:7:6, 5:8:6,
6:1:6, 6:3:6, 6:4:6, 6:5:6, 6:6:6, 6:7:6, 6:8:6, 7:1:6, 7:3:6, 7:4:6, 7:5:6, 7:6:6, 7:7:6, 7:8:6, 8:1:6, 8:3:6,
8:4:6, 8:5:6, 8:6:5, 8.7:6, 8:8:6, 1:1:7, 1:2:7, 1:3:7, 1:4:7, 1:5:7, 1:6:7, 1:7:7, 1:8:7, 2:1:7, 2:3:7, 2:4.7,
2:5:7,2:6:7,2:7:7, 2:8:7, 3:1:7, 3:3:7, 3:4:7, 3:5:7, 3:6:7, 3:7:7, 3:8:7, 3:1:7, 3:3:7, 3:4.7, 3:5.7, 3:6:7,
3:7:7,3:8:7,4:1:7, 4:3:7, 4:4:7, 4:5:7, 4:6:7, 4:7:7, 4:8:7, 5:1:7, 5:3:7, 5:4:7,5:5:7, 5:6:7, 5:7:7, 5:8:7,
6:1:7, 6:3:7, 6:4:7, 6:5:7, 6:6:7, 6:7:7, 6:8:7, 7:1:7, 7:3:7, 7:4:7, 7:5:7, 7:6:7, 7:7:7, 7:8:7, 8:1:7, 8:3:7,
8:4:7, 8:5:7, 8:6:5, 8:7:7, or 8:8:7.
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[00252] In some aspects the present disclosure provides combination immunotherapies comprising
multi-targeted immunotherapeutic directed TAAs. In some aspects the present disclosure provides
combination immunotherapies comprising multi-targeted immunotherapeutic directed to IDAAs.

[00253] The present disclosure provides for a combination immunotherapies or vaccines comprising: at
least two, at least three, or more than three different target antigens comprising a sequence encoding a
modified CEA, MUClc, and/or Brachyury. For example, a combination immunotherapy or vaccine can
comprise at least two, at least three, or more than three different target antigens comprising a sequence
encoding a modified CEA, MUClc, and/or Brachyury, wherein the modified CEA comprises a sequence
with an identity value of at least 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99%, 99.5%, or 99.9% to SEQ
ID NO:1 or SEQ ID NO:2; wherein the modified MUCl¢ comprises a sequence with an identity value of
at least 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99%, 99.5%, or 99.9% to SEQ ID NO:5 or SEQ ID
NO:6; and wherein the modified Brachyury comprises a sequence with an identity value of at least 70%,
75%, 80%, 85%, 90%, 95%, 98%, or 99%, 99.5%, 99.9% to SEQ ID NO:7 or SEQ ID NO:8. In some
embodiments, the modified CEA comprises a sequence with an identity value of at least 70%, 75%, 80%,
85%, 90%, 95%, 98%, 99%, 99.5%, 99.9% or 100% SEQ ID NO:1 or SEQ ID NO:2 and has a Asn->Asp
substitution at position 610.

[00254] In some aspects the present disclosure provides combination immunotherapies comprising
multi-targeted immunotherapeutic directed to TAAs and molecular compositions comprising an immune
pathway checkpoint modulator that targets at least one immune checkpoint protein of the immune
inhibitory pathway. In some aspects the present disclosure provides combination immunotherapies
comprising multi-targeted immunotherapeutic directed to IDAAs and molecular compositions comprising
an immune pathway checkpoint modulator that targets at least one immune checkpoint protein of the
immune inhibitory pathway. The present disclosure provides for a combination immunotherapies or
vaccines comprising: at least two, at least three, or more than three different target antigens comprising a
scquence encoding a modificd CEA, MUC ¢, and/or Brachyury, and at lcast one molecular composition
comprising an immune pathway checkpoint modulator. For example, a combination immunotherapy or
vaccine can comprise at least two, at least three, or more than three different target antigens comprising a
sequence encoding a modified CEA, MUC ¢, and/or Brachyury, wherein the modified CEA comprises a
sequence with an identity value of at least 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99%, 99.5%, or
99.9% to SEQID NO:1 or SEQ ID NO:2; wherein the modified MUC1c¢ comprises a sequence with an
identity value of at least 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99%, 99.5%, or 99.9% to SEQ ID NO:5
or SEQ ID NQ:6; wherein the modified Brachyury comprises a scquence with an identity value of at least
70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99%, 99.5%, 99.9% to SEQ ID NO:7 or SEQ ID NO:§, and at
least one molecular composition comprising an immune pathway checkpoint modulator. In some

embodiments, the modified CEA comprises a sequence with an identity value of at least 70%, 75%, 80%,
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85%, 90%, 95%, 98%, 99%, 99.5%, 99.9% or 100% SEQ ID NO:1 or SEQ ID NO:2 and has a Asn->Asp
substitution at position 610.

[00255] In some embodiments, the immune pathway checkpoint modulator targets CTLA4. In some
embodiments, the immune pathway checkpoint modulator targets PD1. In some embodiments, the the
immune pathway checkpoint modulator targets PDL1. In some embodiments, the immune pathway
checkpoint modulator targets LAG3. In some embodiments, the immune pathway checkpoint modulator
targets B7-H3. In some embodiments, the immune pathway checkpoint modulator targets B7-H4. In
some embodiments, the immune pathway checkpoint modulator targets TIM3. In some embodiment, the
immune pathway checkpoint modulator is a monoclonal or polyclonal antibody directed to PD1, PDLI,
PDL2, CD28, CDS80, CD&6, CTLA4, B7RP1, ICOS, B7RPL, B7-H3, B7-H4, BTLA, HVEM, KIR, TCR,
LAG3, CD137, CD137L, OX40, OX40L, CD27, CD70, CD40, CD40L, TIM3 (i.e., HAVcr2), GALD,
and A2aR.

[00256] In some embodiments, at least one of the recombinant nucleic acid vector is a replication
defective adenovirus vector that comprises a replication defective adenovirus 5 vector comprising a first
identity value. In some embodiments, the replication defective adenovirus vector comprises a deletion in
the E2b region. In some embodiments, the replication defective adenovirus vector further comprises a
deletion in the E1 region. In some embodiments, the first identity value is at least 90%. In some
embodiments, the first identity value is at least 95%. In some embodiments, the first identity value is at
least 99%. In some embodiments, the first identity value is 100%. In some embodiments, the first identity
value is at least 90%. In some embodiments, the first identity value is at least 95%. In some
embodiments, the first identity value is at least 99%. In some embodiments, the first identity value is
100%. In some embodiments, the first identity value is at least 90%. In some embodiments, the first
identity value is at least 95%. In some embodiments, the first identity value is at least 99%. In some
embodiments, the first identity value is 100%.

[00257] In some cmbodiments, at lcast one of the recombinant nucleic acid vector comprises a sequence
with at least 80%, 85%, 90%, 95%, 99%, or 100% sequence identity to SEQ ID NO:3. In some
embodiments, the recombinant nucleic acid vector comprises a region with at least 80%, 85%, 90%, 95%,
99%, or 100% sequence identity to a region in SEQ ID NO:3, wherein the region is selected from 26048-
26177, 26063-26141, 1-103, 54-103, 32214-32315, and 32214-32262. In some embodiments, the
recombinant nucleic acid vector further comprises a region encoding a peptide with at least 80%, 85%,
90%, 95%, 99%, or 100% sequence identity to a peptide encoded by a region in SEQ ID NO:3 between
positions 1057 and 3165.

Immunological Fusion Partner Antigen Targets

[00258] The viral vectors of the present invention may also include nucleic acid sequences that encode

proteins that increase the immunogenicity of the target antigen. In this regard, the protein produced
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following immunization with the viral vector containing such a protein may be a fusion protein
comprising the target antigen of interest fused to a protein that increases the immunogenicity of the
target antigen of interest.

[00259] In one embodiment, such an immunological fusion partner is derived from a Mycobacterium sp.,
such as a Mycobacterium tuberculosis-derived Ral2 fragment. Ral2 compositions and methods for their
use in enhancing the expression and/or immunogenicity of heterologous polynucleotide/polypeptide
sequences are described in U.S. Patent Application 60/158 585 and U.S. Patent No. 7,009,042. Briefly,
Ral?2 refers to a polynucleotide region that is a subsequence of a Mycobacterium tuberculosis MTB32A
nucleic acid. MTB32A is a serine protease of 32 kDa encoded by a gene in virulent and avirulent strains
of M. tuberculosis. The nucleotide sequence and amino acid sequence of MTB32A have been described
(see, ¢.g., U.S. Patent Application 60/158,585; Skeiky et al., Infection and Immun. 67:3998-4007 (1999)).
C-terminal fragments of the MTB32A coding sequence express at high levels and remain as soluble
polypeptides throughout the purification process. Moreover, Ral2 may enhance the immunogenicity of
heterologous immunogenic polypeptides with which it is fused. One Ral2 fusion polypeptide comprises a
14 kDa C-terminal fragment corresponding to amino acid residues 192 to 323 of MTB32A. Other Ral2
polynucleotides generally comprise at least about 15, 30, 60, 100, 200, 300, or more nucleotides that
encode a portion of a Ral2 polypeptide. Ral2 polynucleotides may comprise a native sequence (i.e., an
endogenous sequence that encodes a Ral2 polypeptide or a portion thereof) or may comprise a variant of
such a sequence. Ral2 polynucleotide variants may contain one or more substitutions, additions, deletions
and/or insertions such that the biological activity of the encoded fusion polypeptide is not substantially
diminished, relative to a fusion polypeptide comprising a native Ral2 polypeptide. Variants can have at
least about 70%, 80%, or 90% identity, or more, to a polynucleotide sequence that encodes a native Ral2
polypeptide or a portion thereof.

[00260] An immunological fusion partner can be derived from protein D, a surface protein of the gram-
negative bacterium Haemophilus influenza B. In some cases, a protein D derivative comprises
approximately the first third of the protein (e.g., the first N-terminal 100-110 amino acids). A protein D
derivative may be lipidated. Within certain embodiments, the first 109 residues of a Lipoprotein D

fusion partner is included on the N-terminus to provide the polypeptide with additional exogenous T-

cell epitopes, which may increase the expression level in E. coli and may function as an expression
enhancer. The lipid tail may ensure optimal presentation of the antigen to antigen presenting cells. Other
fusion partners include the non-structural protein from influenza virus, NS1 (hemagglutinin). Typically,
the N-terminal 81 amino acids are used, although different fragments that include T-helper epitopes may

be used.
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[00261] The immunological fusion partner can be the protein known as LYTA, or a portion thereof
(preferably a C-terminal portion). LYTA is derived from Streptococcus pneumoniae, which synthesizes
an N-acetyl-L-alanine amidase known as amidase LYTA (encoded by the LytA gene). LYTA is an
autolysin that specifically degrades certain bonds in the peptidoglycan backbone. The C-terminal domain
of the LYTA protein is responsible for the affinity to the choline or to some choline analogues such as
DEAE. This property has been exploited for the development of . coli C-LYTA expressing plasmids
useful for expression of fusion proteins. Purification of hybrid proteins containing the C-LYTA fragment
at the amino terminus can be employed. Within another embodiment, a repeat portion of LYTA may be
incorporated into a fusion polypeptide. A repeat portion can, for example, be found in the C-terminal
region starting at residue 178. One particular repeat portion incorporates residues 188-305.

[00262] In some embodiments, the antigen target comprises an immunogenic component comprising a
cytokine selected from the group of IFN-y, TNFa IL-2, IL-8, IL-12, IL-18, IL-7, IL-3, IL-4, IL-5, IL.-6,
IL-9, IL-10, and IL-13. In some embodiments, the antigen target further comprises one or more
immunogenic component comprises a cytokine selected from the group of IFN-y, TNFq IL-2, IL-8, IL-
12, IL-18, IL-7, IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13. In some embodiments, the antigen target
compriscs an immunogenic component comprising a nucleic acid encoding of IFN-y, TNFa [L-2, IL-§,
IL-12, IL-18, IL-7, IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13., a protein with substantial identity to of
IFN-y, TNFo IL-2, IL-8, IL-12, IL-18, IL-7, IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13, and a nucleic
acid encoding a protein with substantial identity to of IFN-y, TNFa IL-2, TL-8, TL-12, TL-18, TL-7, IL-3,
IL 4,IL -5, IL 6, IL-9, IL-10, and IL-13.

[00263] Insome embodiments, the antigen target is fused or linked to an immunogenic component
comprising a cytokine selected from the group of IFN-y, TNFa IL-2, IL-8, IL-12, IL-18, IL-7, IL-3, IL-4,
IL-5, IL-6, IL-9, IL-10, and IL-13. In some embodiments, the antigen target is co-expressed in a cell with
an immunogenic component comprising a cytokine selected from the group of IFN-y, TNFa IL-2, IL-8,
IL-12, IL-18, IL-7, IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13.

Immune Pathway Checkpoint Modulators

[00264] In some embodiments, compositions of the present invention are administered with one or more
immune checkpoint modulators. A balance between activation and inhibitory signals regulates the
interaction between T lymphocytes and disease cells, wherein T-cell responses are initiated through
antigen recognition by the T-cell receptor (TCR). The inhibitory pathways and signals are referred to as
immune checkpoints. In normal circumstances, immune checkpoints play a critical role in control and
prevention of autoimmunity and also protect from tissue damage in response to pathogenic infection.
[00265] The present disclosure provides combination immunotherapies comprising viral vector based
vaccines and compositions for modulating immune checkpoint inhibitory pathways for the treatment of

cancer and infectious diseases. In some embodiments, modulating is increasing expression or activity of a
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gene or protein. In some embodiments, modulating is decreasing expression or activity of a gene or
protein. In some embodiments, modulating affects a family of genes or proteins.

[00266] In general, the immune inhibitory pathways are initiated by ligand-receptor interactions. It is
now clear that in diseases, the disease can co-opt immune-checkpoint pathways as mechanism for
inducing immune resistance in a subject.

[00267] The induction of immune resistance or immune inhibitory pathways in a subject by a given
disease can be blocked by molecular compositions such as siRNAs, antisense, small molecules, mimic, a
recombinant form of ligand, receptor or protein, or antibodies (which can be an Ig fusion protein) that are
known to modulate one or more of the Immune Inhibitory Pathways. For example, preliminary clinical
findings with blockers of immune-checkpoint proteins, such as Cytotoxic T-lymphocyte-associated
antigen 4 (CTLA4) and programmed cell death protein 1 (PD1) have shown promise for enhancing
antitumor immunity.

[00268] Because diseased cells can express multiple inhibitory ligands, and disease-infiltrating
lymphocytes express multiple inhibitory receptors, dual or triple blockade of immune checkpoints
proteins may enhance anti-disease immunity. Combination immunotherapies as provide herein can
comprisc one or more molecular compositions of the following immune-checkpoint proteins: PD1,
PDLI, PDL2, CD28, CD80, CD86, CTLA4, B7RP1, ICOS, B7RPL B7-H3 (also known as CD276), B7-
H4 (also known as B7-S1, B7x and VCTN1), BTLA (also known as CD272), HVEM, KIR, TCR, LAG3
(also known as CD223), CD137, CD137L, 0X40, OX40L, CD27, CD70, CD40, CD40L, TIM3 (also
known as HAVcr2), GAL9, and A2aR. In some embodiments, the molecular composition comprises
siRNAs. In some embodiments, the molecular composition comprises a small molecule. In some
embodiments, the molecular composition comprises a recombinant form of a ligand. In some
embodiments, the molecular composition comprises a recombinant form of a receptor. In some
embodiments, the molecular composition comprises an antibody. In some embodiments, the combination
therapy comprises more than one molecular composition and/or more than one type of molecular
composition. As it will be appreciated by those in the art, future discovered proteins of the immune
checkpoint inhibitory pathways are also envisioned to be encompassed by the present disclosure.
[00269] In some embodiments, combination immunotherapies comprise molecular compositions for the
modulation of CTLA4. In some embodiments, combination immunotherapies comprise molecular
compositions for the modulation PD1. In some embodiments, combination immunotherapics comprise
molecular compositions for the modulation PDL1. In some embodiments, combination immunotherapies
comprise molecular compositions for the modulation LAG3. In some embodiments, combination
immunotherapies comprise molecular compositions for the modulation B7-H3. In some embodiments,
combination immunotherapies comprise molecular compositions for the modulation B7-H4. In some

embodiments, combination immunotherapies comprise molecular compositions for the modulation TIM3.
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In some embodiments, modulation is an increase or enhancement of expression. In other embodiments,
modulation is the decrease of absence of expression.

[00270] Two exemplary immune checkpoint inhibitors include the cytotoxic T lymphocyte associated
antigen-4 (CTLA-4) and the programmed cell death protein-1 (PD1). CTLA-4 can be expressed
exclusively on T-cells where it regulates early stages of T-cell activation. CTLA-4 interacts with the co-
stimulatory T-cell receptor CD28 which can result in signaling that inhibits T-cell activity. Once TCR
antigen recognition occurs, CD28 signaling may enhances TCR signaling, in some cases leading to
activated T-cells and CTLA-4 inhibits the signaling activity of CD28. The present disclosure provides
immunotherapies as provided herein in combination with anti-CTLA-4 monoclonal antibody for the
treatment of proliferative disease and cancer. The present disclosure provides immunotherapies as
provided herein in combination with CTLA-4 molecular compositions for the treatment of proliferative
disease and cancer.

[00271] Programmed death cell protein ligand-1 (PDL1) is a member of the B7 family and is
distributed in various tissues and cell types. PDL1 can interact with PD1 inhibiting T-cell activation and
CTL mediated lysis. Significant expression of PDL1 has been demonstrated on various human tumors
and PDL1 expression is one of the key mechanisms in which tumors evade host antitumor immune
responses. Programmed death-ligand 1 (PDL1) and programmed cell death protein-1 (PD1) interact as
immune checkpoints. This interaction can be a major tolerance mechanism which results in the blunting
of anti-tumor immune responses and subsequent tumor progression. PD1 is present on activated T cells
and PDL1, the primary ligand of PD1, is often expressed on tumor cells and antigen-presenting cells
(APC) as well as other cells, including B cells. Significant expression of PDLI has been demonstrated on
various human tumors including HPV-associated head and neck cancers. PDL1 interacts with PD1 on T
cells inhibiting T cell activation and cytotoxic T lymphocyte (CTL) mediated lysis. The present
disclosure provides immunotherapies as provided herein in combination with anti-PD1 or anti-
PDL1monoclonal antibody for the treatment of proliferative discase and cancer. The present disclosure
provides immunotherapies as provided herein in combination with PD1 or anti-PDL1 molecular
compositions for the treatment of proliferative disease and cancer. The present disclosure provides
immunotherapies as provided herein in combination with anti-CTLA-4 and anti-PD1 monoclonal
antibodies for the treatment of proliferative discase and cancer. The present disclosure provides
immunotherapies as provided herein in combination with anti-CTLA-4 and PDL1 monoclonal antibodies
for the treatment of proliferative disease and cancer. The present disclosure provides immunotherapies as
provided herein in combination with anti-CTLA-4, anti-PD1, PDL1, monoclonal antibodics, or a
combination thereof, for the treatment of proliferative disease and cancer.

[00272] Provided herein are Ad5 [El-, E2b-]-E6/E7 immunizations combined with PD1 blockade that

can increase an anti-tumor effect. The inventors have characterized a CMI response induced by the Ad5
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[E1l-, E2b-]-E6/E7 vaccine and show kinetics of an anti-tumor response to evaluate the therapeutic
potential of treating small versus large established tumors.

[00273] Tmmune checkpoint molecules can be expressed by T cells. Immune checkpoint molecules can
effectively serve as "brakes" to down-modulate or inhibit an immune response. Immune checkpoint
molecules include, but are not imited to Programmed Death 1 (PD1, also known as PDCD1 or CD279,
accession number: NM 005018), Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4, also known as CD152,
GenBank accession number AF414120.1), LAG3 (also known as CD223, accession number:

NM 002286.5), Tim3 (also known as HAVCR2, GenBank accession number: JX049979.1), BTLA (also
known as CD272, accession number: NM_181780.3), BY55 (also known as CD160, GenBank accession
number: CR541888.1), TIGIT (also known as IVSTM3, accession number: NM_173799), LAIR1 (also
known as CD305, GenBank accession number: CR542051.1), SIGLECIO (GeneBank accession number:
AY358337.1), 2B4 (also known as CD244, accession number: NM_001166664.1), PPP2CA, PPP2CB,
PTPN6, PTPN22, CD96, CRTAM, SIGLEC7, SIGLECY, TNFRSF10B, TNFRSF10A, CASP8, CASP10,
CASP3, CASP6, CASP7, FADD, FAS, TGFBRII, TGFRBRI, SMAD2, SMAD3, SMAD4, SMAD10,
SKI, SKIL, TGIFL, ILIORA, IL10RB, HMOX2, IL6R, IL6ST, EIF2AK4, CSK, PAG1, SIT1, FOXP3,
PRDMI1, BATF, GUCY1A2, GUCY1A3, GUCY1B2, GUCY1B3 which dircctly inhibit immune cells.
For example, PD1 can be combined with an adenoviral vaccine of the present invention to treat a patient
in need thereof. Table 1, without being exhaustive, shows exemplary immune checkpoint genes that can
be inactivated to improve the efficiency of the adenoviral vaccine of the present invention. Immune
checkpoints gene can be selected from such genes listed in Table 1 and others involved in co-inhibitory
receptor function, cell death, cytokine signaling, arginine tryptophan starvation, TCR signaling, Induced

T-reg repression, transcription factors controlling exhaustion or anergy, and hypoxia mediated tolerance.

Table 1
Gene Symboel | NCBI # (GRCh38.p2) Start Stop Genome location
ADORA2A 135 24423597 24442360 22q11.23
CD276 80381 73684281 73714518 15g923-q24
VTCNI1 79679 117143587 117270368 Ipl13.1
BTLA 151888 112463966 112499702 3ql13.2
CTLA4 1493 203867788 203873960 2q33
IDOIL 3620 39913809 39928790 8pl2-pll
KIR3DLI1 3811 54816438 54830778 19q13 .4
LAG3 3902 6772483 6778455 12p13.32
PDCDI1 5133 241849881 241858908 2q37.3
HAVCR2 84868 157085832 157109237 5q33.3
VISTA 64115 71747556 71773580 10g22.1
CD244 51744 160830158 160862902 1923.3
CISH 1154 50606454 50611831 3p21.3
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[00274] The combination of an adenoviral-based vaccine and an immune pathway checkpoint modulator
may result in reduction in cancer recurrences in treated patients, as compared to either agent alone. In yet
another embodiment of this invention the combination of an adenoviral-based vaccine and an immune
pathway checkpoint modulator may result in reduction in the presence or appearance of metastases or
micro metastases in treated patients, as compared to either agent alone. In another embodiment, the
combination of a adenoviral-based vaccine and an immune pathway checkpoint modulator may result
improved overall survival of treated patients, as compared to either agent alone. In some cases, the
combination of an adenoviral vaccine and an immune pathway checkpoint modulator may increase the
frequency or intensity of tumor-specific T cell responses in patients compared to either agent alone.
[00275] The present invention also discloses the use of immune checkpoint inhibition to improve
performance of an adenoviral vector-based vaccine. The immune checkpoint inhibition may be
administered at the time of the vaccine. The immune checkpoint inhibition may also be administered after
a vaccine. Immune checkpoint inhibition may occur simultaneously to an adenoviral vaccine
administration. Immune checkpoint inhibition may occur 1, 2, 3, 4, 5, 6, 7, 8,9, 10, 15, 20, 30, 40, 50, or
60 minutes after vaccination. Immune checkpoint inhibition may also occur
1,2,3,4,5,6,7,89,10,11,12,13,14,15,16,17,18,19,20,21,22,23, or 24 hours post vaccination. In some cases,
immune inhibition may occur 1, 2, 3, 4, 5, 6, or 7 days after vaccination. Immune checkpoint inhibition
may occur at any time before or after vaccination.

[00276] In another aspect, the invention pertains to a vaccine comprising an antigen and an immune
pathway checkpoint modulator. The invention can pertain to a method for treating a subject having a
condition that would benefit from downregulation of an immune checkpoint, PD1 for example, and its
natural binding partner(s) on cells of the subject.

[00277] An immune pathway checkpoint modulator may be combined with an adenoviral vaccine
comprising any antigen. For example, an antigen can be MUClc¢, HER3, Brachyury, HER2NEU, CEA,
or PSA. An immune pathway checkpoint modulator may produce a synergistic effect when combined
with a vaccine. An immune pathway checkpoint modulator may also produce an additive effect when
combined with a vaccine.

Formulations

[00278] The present invention provides pharmaceutical compositions comprising a vaccination regime
that can be administered either alone or together with a pharmaceutically acceptable carrier or excipient,
by any routes, and such administration can be carried out in both single and multiple dosages. More
particularly, the pharmaccutical composition can be combined with various pharmaccutically acceptable
inert carriers in the form of tablets, capsules, lozenges, troches, hand candies, powders, sprays, aqueous
suspensions, injectable solutions, elixirs, syrups, and the like. Such carriers include solid diluents or

fillers, sterile aqueous media and various non-toxic organic solvents, etc. Moreover, such oral
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pharmaceutical formulations can be suitably sweetened and/or flavored by means of various agents of the
type commonly employed for such purposes. The compositions described throughout can be formulated
into a pharmaceutical medicament and be used to treat a human or mammal, in need thereof, diagnosed
with a disease, e.g., cancer.

[00279] For administration, viral vector stock can be combined with an appropriate buffer,
physiologically acceptable carrier, excipient or the like. In certain embodiments, an appropriate number
of virus vector particles (VP) are administered in an appropriate buffer, such as, sterile PBS or saline. In
certain embodiment’s viral vector compositions disclosed herein are provided in specific formulations for
subcutaneously, parenterally, intravenously, intramuscularly, or even intraperitoneally administration. In
certain embodiments, formulations in a solution of the active compounds as free base or
pharmacologically acceptable salts may be prepared in water suitably mixed with a surfactant, such as
hydroxypropylcellulose. Dispersions may also be prepared in glycerol, liquid polyethylene glycols,
squalene-based emulsion, Squalene-based oil-in-water emulsions, water-in-oil emulsions, oil-in-water
emulsions, nonaqueous emulsions, water-in-paraffin oil emulsion, and mixtures thereof and in oils. In
other embodiments, viral vectors may are provided in specific formulations for pill form administration
by swallowing or by suppository.

[00280] Illustrative pharmaceutical forms suitable for injectable use include sterile aqueous solutions or
dispersions and sterile powders for the extemporaneous preparation of sterile injectable solutions or
dispersions (see, e.g., U.S. Pat. No. 5,466,468). Fluid forms to the extent that easy syringability exists
may be preferred. Forms that are stable under the conditions of manufacture and storage are within the
bounds of this invention. In various embodiments, forms are preserved against the contaminating action
of microorganisms, such as bacteria, molds and fungi. The carrier can be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (e.g., glycerol, propylene glycol, and liquid polyethylene
glycol, and the like), suitable mixtures thereof, and/or vegetable oils. Proper fluidity may be maintained,
for example, by the use of a coating, such as lecithin, by the maintenance of the required particle size in
the case of dispersion and/or by the use of surfactants. The prevention of the action of microorganisms
can be facilitated by various antibacterial and antifungal agents, for example, parabens, chlorobutanol,
phenol, sorbic acid, and thimerosal. It may be preferable to include isotonic agents, for example, sugars
or sodium chloride. Prolonged absorption of the injectable compositions can be brought about by the use
in the compositions of agents delaying absorption, for example, aluminum monostearate and gelatin.
[00281] In one embodiment, for parenteral administration in an aqueous solution, the solution can be
suitably buffered if necessary and the liquid diluent first rendered isotonic with sufficient saline or
glucose. These particular aqueous solutions are especially suitable for intravenous, intramuscular,
subcutaneous and intraperitoneal administration. In this connection, a sterile aqueous medium that can be

employed will be known to those of skill in the art in light of the present disclosure. For example, one
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dosage may be dissolved in 1 mL of isotonic NaCl solution and either added to 1000 mL of
hypodermoclysis fluid or injected at the proposed site of infusion, (see, e.g., “Remington’s
Pharmaceutical Sciences” 15th Edition, pages 1035-1038 and 1570-1580). Some variation in dosage may
occur depending on the condition of the subject being treated.

[00282] Carriers of formulation can comprise any and all solvents, dispersion media, vehicles, coatings,
diluents, antibacterial and antifungal agents, isotonic and absorption delaying agents, buffers, carrier
solutions, suspensions, colloids, and the like. Except insofar as any conventional media or agent is
incompatible with the active ingredient, its use in the therapeutic compositions is contemplated.
Supplementary active ingredients can also be incorporated into the compositions.

[00283] In certain embodiments, the viral vectors of the invention may be administered in conjunction
with one or more immunostimulants, such as an adjuvant. An immunostimulant refers to essentially any
substance that enhances or potentiates an immune response (antibody and/or cell-mediated) to an antigen.
One type of immunostimulant comprises an adjuvant. Many adjuvants contain a substance designed to
protect the antigen from rapid catabolism, such as aluminum hydroxide or mineral oil, and a stimulator of
immune responses, such as lipid A, Bortadella pertussis or Mycobacterium tuberculosis derived proteins.
Certain adjuvants arc commercially available as, for example, Freund’s Incomplete Adjuvant and
Complete Adjuvant (Difco Laboratories); Merck Adjuvant 65 (Merck and Company, Inc.) AS-2
(SmithKline Beecham); aluminum salts such as aluminum hydroxide gel (alum) or aluminum phosphate;
salts of calcium, iron or zinc; an insoluble suspension of acylated tyrosine; acylated sugars; cationically
or anionically derivatized polysaccharides; polyphosphazenes; biodegradable microspheres;
monophosphoryl lipid A and quil A. Cytokines, such as GM-CSF, IFN-y, TNFaq, [L-2, IL-8, IL-12, IL-
18, IL-7, IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, and/or IL-13, and others, like growth factors, may also be
used as adjuvants.

[00284] Within certain embodiments of the invention, the adjuvant composition can be one that induces
an immune response predominantly of the Thl type. High levels of Thl-type cytokines (c.g., [FN-y,
TNFao, IL-2 and IL-12) tend to favor the induction of cell mediated immune responses to an administered
antigen. In contrast, high levels of Th2-type cytokines (e.g., IL-4, IL-5, IL-6 and IL-10) tend to favor the
induction of humoral immune responses. Following application of a vaccine as provided herein, a patient
may support an immune response that includes Thl- and/or Th2-type responses. Within certain
embodiments, in which a response is predominantly Th1-type, the level of Thl-type cytokines will
increase to a greater extent than the level of Th2-type cytokines. The levels of these cytokines may be
rcadily asscssed using standard assays. Thus, various cmbodiments of the invention relate to therapics
raising an immune response against a target antigen, for example MUC1, MUClc, MUCIn, T, or CEA,
using cytokines, e.g. IFN-y, TNFo, IL-2, IL-8, IL-12, IL-18, IL-7, IL-3, IL-4, IL-5, IL-6, IL-9, IL-10,

and/or TL-13 supplied concurrently with a replication defective viral vector treatment. In some

-69-



CA 02974237 2017-07-05

WO 2016/112195 PCT/US2016/012496

embodiments, a cytokine or a nucleic acid encoding a cytokine, is administered together with a
replication defective viral described herein. In some embodiments, cytokine administration is performed
prior or subsequent to viral vector administration. In some embodiments, a replication defective viral
vector capable of raising an immune response against a target antigen, for example MUC1, MUClc,
MUCIn, T, and/or CEA, further comprises a sequence encoding a cytokine.

[00285] Certain illustrative adjuvants for eliciting a predominantly Th1-type response include, for
example, a combination of monophosphoryl lipid A, such as 3-de-O-acylated monophosphoryl lipid A,
together with an aluminum salt. MPL® adjuvants are commercially available (see, e.g., U.S. Pat. Nos.
4,436,727, 4,877,611; 4,866,034 and 4,912,094). CpG-containing oligonucleotides (in which the CpG
dinucleotide is unmethylated) also induce a predominantly Thl response. (see, e.g., WO 96/02555, WO
99/33488 and U.S. Pat. Nos. 6,008,200 and 5,856,462). Immunostimulatory DNA sequences can also be
used. Another adjuvant for use in the present invention comprises a saponin, such as Quil A, or
derivatives thereof, including QS21 and QS7 (Aquila Biopharmaceuticals Inc.), Escin; Digitonin; or
Gypsophila or Chenopodium quinoa saponins. Other formulations may include more than one saponin in
the adjuvant combinations of the present invention, e.g., combinations of at least two of the following
group comprising QS21, QS7, Quil A, B-escin, or digitonin.

[00286] In some embodiments, the compositions may be delivered by intranasal sprays, inhalation,
and/or other aerosol delivery vehicles. The delivery of drugs using intranasal microparticle resins and
lysophosphatidyl-glycerol compounds can be employed (see, e.g., U.S. Pat. No. 5,725,871). Likewise,
illustrative transmucosal drug delivery in the form of a polytetrafluoroetheylene support matrix can be
employed (see, e.g., U.S. Pat. No. 5,780,045).

[00287] Liposomes, nanocapsules, microparticles, lipid particles, vesicles, and the like, can be used for
the introduction of the compositions of the present invention into suitable hot cells/organisms.
Compositions of the present invention may be formulated for delivery either encapsulated in a lipid
particle, a liposome, a vesicle, a nanosphere, or a nanoparticle or the like. Alternatively, compositions of
the present invention can be bound, either cavalently or non-covalently, to the surface of such carrier
vehicles. Liposomes can be used effectively to introduce genes, various drugs, radiotherapeutic agents,
enzymes, viruses, transcription factors, allosteric effectors and the like, into a variety of cultured cell
lines and animals. Furthermore, the use of liposomes does not appear to be associated with autoimmune
responses or unacceptable toxicity after systemic delivery. In some embodiments, liposomes are formed
from phospholipids dispersed in an aqueous medium and spontaneously form multilamellar concentric
bilayer vesicles (i.c. multilamellar vesicles (MLVs).

[00288] In some embodiments, the invention provides for pharmaceutically-acceptable nanocapsule

formulations of the compositions of the present invention. Nanocapsules can generally entrap compounds
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in a stable and reproducible way. To avoid side effects due to intracellular polymeric overloading, such
ultrafine particles (sized around 0.1 um) may be designed using polymers able to be degraded in vivo.
[00289] The compositions described throughout can comprise or be administered with a
chemotherapeutic agent (e.g., a chemical compound useful in the treatment of cancer). Chemotherapeutic
cancer agents that can be used in combination with the disclosed T cell include, but are not limited to,
mitotic inhibitors (vinca alkaloids), such as vincristine, vinblastine, vindesine and Navelbine™
(vinorelbine,5"-noranhydroblastine); topoisomerase I inhibitors, such as camptothecin compounds (e.g.,
Camptosar™ (irinotecan HCL), Hycamtin™ (topotecan HCL) and other compounds derived from
camptothecin and its analogues); podophyllotoxin derivatives, such as etoposide, teniposide and
mitopodozide; alkylating agents such as cisplatin, cyclophosphamide, nitrogen mustard, trimethylene
thiophosphoramide, carmustine, busulfan, chlorambucil, belustine, uracil mustard, chlomaphazin, and
dacarbazine; antimetabolites such as cytosine arabinoside, fluorouracil, methotrexate, mercaptopurine,
azathioprime, and procarbazine; antibiotics, such as doxorubicin, bleomycin, dactinomycin,
daunorubicin, mithramycin, mitomycin, mytomycin C, and daunomycin; anti-tumor antibodies;
dacarbazine; azacytidine; amsacrine; melphalan; ifosfamide; and mitoxantrone.

[00290] Compositions disclosed herein can be administered in combination with other anti-tumor agents,
including cytotoxic/antineoplastic agents and anti-angiogenic agents. Cytotoxic/anti-neoplastic agents
can be defined as agents who attack and kill cancer cells. Some cytotoxic/anti-neoplastic agents can be
alkylating agents, which alkylate the genetic material in tumor cells, e.g., cis-platin, cyclophosphamide,
nitrogen mustard, trimethylene thiophosphoramide, carmustine, busulfan, chlorambucil, belustine, uracil
mustard, chlomaphazin, and dacabazine. Other cytotoxic/anti-neoplastic agents can be antimetabolites for
tumor cells, e.g., cytosine arabinoside, fluorouracil, methotrexate, mercaptopuirine, azathioprime, and
procarbazine. Other cytotoxic/anti-neoplastic agents can be antibiotics, e.g., doxorubicin, bleomycin,
dactinomycin, daunorubicin, mithramycin, mitomycin, mytomycin C, and daunomycin. There are
numerous liposomal formulations commercially available for these compounds. Still other cytotoxic/anti-
neoplastic agents can be mitotic inhibitors (vinca alkaloids). These include vincristine, vinblastine and
etoposide. Miscellaneous cytotoxic/anti-neoplastic agents include taxol and its derivatives, L-
asparaginase, anti-tumor antibodies, dacarbazine, azacytidine, amsacrine, melphalan, VM-26, ifosfamide,
mitoxantrone, and vindesine.

[00291] Anti-angiogenic agents can also be used. Suitable anti-angiogenic agents for use in the disclosed
methods and compositions include anti-VEGF antibodies, including humanized and chimeric antibodies,
anti-VEGF aptamers and antisense oligonucleotides. Other inhibitors of angiogenesis include angiostatin,
endostatin, interferons, interleukin 1 (including o and B) interleukin 12, retinoic acid, and tissue inhibitors
of metalloproteinase-1 and -2. (TIMP-1 and -2). Small molecules, including topoisomerases such as

razoxane, a topoisomerase Il inhibitor with anti-angiogenic activity, can also be used.
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[00292] Other anti-cancer agents that can be used in combination with the disclosed invention include,
but are not limited to: acivicin; aclarubicin; acodazole hydrochloride; acronine; adozelesin; aldesleukin;
altretamine; ambomycin; ametantrone acetate; aminoglutethimide; amsacrine; anastrozole; anthramycin;
asparaginase; asperlin; avastin; azacitidine; azetepa; azotomycin; batimastat; benzodepa; bicalutamide;
bisantrene hydrochloride; bisnafide dimesylate; bizelesin; bleomycin sulfate; brequinar sodium;
bropirimine; busulfan; cactinomycin; calusterone; caracemide; carbetimer; carboplatin; carmustine;
carubicin hydrochloride; carzelesin; cedefingol; chlorambucil; cirolemycin; cisplatin; cladribine; crisnatol
mesylate; cyclophosphamide; cytarabine; dacarbazine; dactinomycin; daunorubicin hydrochloride;
decitabine; dexormaplatin; dezaguanine; dezaguanine mesylate; diaziquone; docetaxel; doxorubicin;
doxorubicin hydrochloride; droloxifene; droloxifene citrate; dromostanolone propionate; duazomycin;
edatrexate; eflornithine hydrochloride; elsamitrucin; enloplatin; enpromate; epipropidine; epirubicin
hydrochloride; erbulozole; esorubicin hydrochloride; estramustine; estramustine phosphate sodium;
etanidazole; etoposide; etoposide phosphate; etoprine; fadrozole hydrochloride; fazarabine; fenretinide;
floxuridine; fludarabine phosphate; fluorouracil; flurocitabine; fosquidone; fostriecin sodium;
gemcitabine; gemcitabine hydrochloride; hydroxyurea; idarubicin hydrochloride; ifosfamide; ilmofosine;
interleukin II (including recombinant interleukin I, or rIL2), interferon alfa-2a; interferon alfa-2b;
interferon alfa-nl; interferon alfa-n3; interferon beta-I a; interferon gamma-1b; iproplatin; irinotecan
hydrochloride; lanreotide acetate; letrozole; leuprolide acetate; liarozole hydrochloride; lometrexol
sodium; lomustine; losoxantrone hydrochloride; masoprocol; maytansine; mechlorethamine
hydrochloride; megestrol acetate; melengestrol acetate; melphalan; menogaril; mercaptopurine;
methotrexate; methotrexate sodium; metoprine; meturedepa; mitindomide; mitocarcin; mitocromin;
mitogillin; mitomalcin; mitomycin; mitosper; mitotane; mitoxantrone hydrochloride; mycophenolic acid;
nocodazole; nogalamycin; ormaplatin; oxisuran; paclitaxel; pegaspargase; peliomycin; pentamustine;
peplomycin sulfate; perfosfamide; pipobroman; piposulfan; piroxantrone hydrochloride; plicamycin;
plomestane; porfimer sodium; porfiromyein; prednimustine; procarbazine hydrochloride; puromycin;
puromycin hydrochloride; pyrazofurin; riboprine; rogletimide; safingol; safingol hydrochloride;
semustine; simtrazene; sparfosate sodium; sparsomycin; spirogermanium hydrochloride; spiromustine;
spiroplatin; streptonigrin; streptozocin; sulofenur; talisomycin; tecogalan sodium; tegafur; teloxantrone
hydrochloride; temoporfin; teniposide; teroxirone; testolactone; thiamiprine; thioguanine; thiotepa;
tiazofurin; tirapazamine; toremifene citrate; trestolone acetate; triciribine phosphate; trimetrexate;
trimetrexate glucuronate; triptorelin; tubulozole hydrochloride; uracil mustard; uredepa; vapreotide;
verteporfin; vinblastine sulfate; vincristine sulfate; vindesine; vindesine sulfate; vinepidine sulfate;
vinglycinate sulfate; vinleurosine sulfate; vinorelbine tartrate; vinrosidine sulfate; vinzolidine sulfate;
vorozole; zeniplatin; zinostatin; zorubicin hydrochloride. Other anti-cancer drugs include, but are not

limited to: 20-epi-1,25 dihydroxyvitamin D3; 5-ethynyluracil; abiraterone; aclarubicin; acylfulvene;
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adecypenol; adozelesin; aldesleukin; ALL-TK antagonists; altretamine; ambamustine; amidox;
amifostine; aminolevulinic acid; amrubicin; amsacrine; anagrelide; anastrozole; andrographolide;
angiogenesis inhibitors; antagonist D; antagonist G; antarelix; anti-dorsalizing morphogenetic protein-1;
antiandrogen, prostatic carcinoma; antiestrogen; antineoplaston; antisense oligonucleotides; aphidicolin
glycinate; apoptosis gene modulators; apoptosis regulators; apurinic acid; ara-CDP-DL-PTBA; arginine
deaminase; asulacrine; atamestane; atrimustine; axinastatin 1; axinastatin 2; axinastatin 3; azasetron;
azatoxin; azatyrosine; baccatin III derivatives, balanol; batimastat; BCR/ABL antagonists; benzochlorins;
benzoylstaurosporine; beta lactam derivatives; beta-alethine; betaclamycin B; betulinic acid; bFGF
inhibitor; bicalutamide; bisantrene; bisaziridinylspermine; bisnafide; bistratene A; bizelesin; breflate;
bropirimine; budotitane; buthionine sulfoximine; calcipotriol; calphostin C; camptothecin derivatives;
canarypox IL-2; capecitabine; carboxamide-amino-triazole; carboxyamidotriazole; CaRest M3; CARN
700; cartilage derived inhibitor; carzelesin; casein kinase inhibitors (ICOS); castanospermine; cecropin
B; cetrorelix; chlorins; chloroquinoxaline sulfonamide; cicaprost; cis-porphyrin; cladribine; clomifene
analogues; clotrimazole; collismycin A; collismycin B; combretastatin A4; combretastatin analogue;
conagenin; crambescidin 816; crisnatol; cryptophycin 8; cryptophycin A derivatives; curacin A;
cyclopentanthraquinones; cycloplatam; cypemycin; cytarabine ocfostate; cytolytic factor; cytostatin;
dacliximab; decitabine; dehydrodidemnin B; deslorelin; dexamethasone; dexifosfamide; dexrazoxane;
dexverapamil; diaziquone; didemnin B; didox; diethylnorspermine; dihydro-5-azacytidine; dihydrotaxol,
9-; dioxamycin; diphenyl spiromustine; docetaxel; docosanol; dolasetron; doxifluridine; droloxifene;
dronabinol; duocarmycin SA; ebselen; ecomustine; edelfosine; edrecolomab; eflornithine; elemene;
emitefur; epirubicin; epristeride; estramustine analogue; estrogen agonists; estrogen antagonists;
etanidazole; etoposide phosphate; exemestane; fadrozole; fazarabine; fenretinide; filgrastim; finasteride;
flavopiridol; flezelastine; fluasterone; fludarabine; fluorodaunorunicin hydrochloride; forfenimex;
formestane; fostriecin; fotemustine; gadolinium texaphyrin; gallium nitrate; galocitabine; ganirelix;
gelatinase inhibitors; gemcitabine; glutathione inhibitors; hepsulfam; heregulin; hexamethylene
bisacetamide; hypericin; ibandronic acid; idarubicin; idoxifene; idramantone; ilmofosine; ilomastat;
imidazoacridones; imiquimod; immunostimulant peptides; insulin-like growth factor-1 receptor inhibitor;
interferon agonists; interferons; interleukins; iobenguane; iododoxorubicin; ipomeanol, 4-; iroplact;
irsogladine; isobengazole; isohomohalicondrin B; itasetron; jasplakinolide; kahalalide F; lamellarin-N
triacetate; lanreotide; leinamycin; lenograstim; lentinan sulfate; leptolstatin; letrozole; leukemia
inhibiting factor; leukocyte alpha interferon; leuprolide+estrogentprogesterone; leuprorelin; levamisole;
liarozole; lincar polyamine analogue; lipophilic disaccharide peptide; lipophilic platinum compounds;
lissoclinamide 7; lobaplatin; lombricine; lometrexol; lonidamine; losoxantrone; lovastatin; loxoribine;
lurtotecan; lutetium texaphyrin; lysofylline; Iytic peptides; maitansine; mannostatin A; marimastat;

masoprocol; maspin; matrilysin inhibitors; matrix metalloproteinase inhibitors; menogaril; merbarone;

-73-



CA 02974237 2017-07-05

WO 2016/112195 PCT/US2016/012496

meterelin; methioninase; metoclopramide; MIF inhibitor; mifepristone; miltefosine; mirimostim;
mismatched double stranded RNA; mitoguazone; mitolactol; mitomycin analogues; mitonafide;
mitotoxin fibroblast growth factor-saporin; mitoxantrone; mofarotene; molgramostim; monoclonal
antibody, human chorionic gonadotrophin; monophosphoryl lipid A+myobacterium cell wall sk;
mopidamol; multiple drug resistance gene inhibitor; multiple tumor suppressor 1-based therapy; mustard
anticancer agent; mycaperoxide B; mycobacterial cell wall extract; myriaporone; N-acetyldinaline; N-
substituted benzamides; nafarelin; nagrestip; naloxone+pentazocine; napavin; naphterpin; nartograstim;
nedaplatin; nemorubicin; neridronic acid; neutral endopeptidase; nilutamide; nisamycin; nitric oxide
modulators; nitroxide antioxidant; nitrullyn; O6-benzylguanine; octreotide; okicenone; oligonucleotides;
onapristone; ondansetron; ondansetron; oracin; oral cytokine inducer; ormaplatin; osaterone; oxaliplatin;
oxaunomycin; paclitaxel; paclitaxel analogues; paclitaxel derivatives; palauamine; palmitoylrhizoxin;
pamidronic acid; panaxytriol; panomifene; parabactin; pazelliptine; pegaspargase; peldesine; pentosan
polysulfate sodium; pentostatin; pentrozole; perflubron; perfosfamide; perillyl alcohol; phenazinomycin;
phenylacetate; phosphatase inhibitors; picibanil; pilocarpine hydrochloride; pirarubicin; piritrexim;
placetin A; placetin B; plasminogen activator inhibitor; platinum complex; platinum compounds;
platinum-triamine complex; porfimer sodium; porfiromycin; prednisone; propyl bis-acridone;
prostaglandin J2; proteasome inhibitors; protein A-based immune modulator; protein kinase C inhibitor;
protein kinase C inhibitors, microalgal; protein tyrosine phosphatase inhibitors; purine nucleoside
phosphorylase inhibitors; purpurins; pyrazoloacridine; pyridoxylated hemoglobin polyoxyethylene
conjugate; raf antagonists; raltitrexed; ramosetron; ras farnesyl protein transferase inhibitors; ras
inhibitors; ras-GAP inhibitor; retelliptine demethylated; rhenium Re 186 etidronate; rhizoxin; ribozymes;
RII retinamide; rogletimide; rohitukine; romurtide; roquinimex; rubiginone B1; ruboxyl; safingol;
saintopin; SarCNU; sarcophytol A; sargramostim; Sdi 1 mimetics; semustine; senescence derived
inhibitor 1; sense oligonucleotides; signal transduction inhibitors; signal transduction modulators; single
chain antigen binding protein; sizofiran; sobuzoxane; sodium borocaptate; sodium phenylacetate;
solverol; somatomedin binding protein; sonermin; sparfosic acid; spicamycin D; spiromustine;
splenopentin; spongistatin 1; squalamine; stem cell inhibitor; stem-cell division inhibitors; stipiamide;
stromelysin inhibitors; sulfinosine; superactive vasoactive intestinal peptide antagonist; suradista;
suramin; swainsonine; synthetic glycosaminoglycans; tallimustine; tamoxifen methiodide; tauromustine;
tazarotene; tecogalan sodium; tegafur; tellurapyrylium; telomerase inhibitors; temoporfin; temozolomide;
teniposide; tetrachlorodecaoxide; tetrazomine; thaliblastine; thiocoraline; thrombopoietin; thrombopoietin
mimetic; thymalfasin; thymopoictin receptor agonist; thymotrinan; thyroid stimulating hormone; tin cthyl
etiopurpurin; tirapazamine; titanocene bichloride; topsentin; toremifene; totipotent stem cell factor;
translation inhibitors; tretinoin; triacetyluridine; triciribine; trimetrexate; triptorelin; tropisetron;

turosteride; tyrosine kinase inhibitors; tyrphostins; UBC inhibitors; ubenimex; urogenital sinus-derived
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growth inhibitory factor; urokinase receptor antagonists; vapreotide; variolin B; vector system,
erythrocyte gene therapy; velaresol; veramine; verdins; verteporfin; vinorelbine; vinxaltine; vitaxin;
vorozole; zanoterone; zeniplatin; zilascorb; and zinostatin stimalamer. In one embodiment, the anti-
cancer drug is 5-fluorouracil, taxol, or leucovorin.

METHODS

[00293] Compositions and methods of the invention, in various embodiments, take advantage of human
cytolytic T-cells (CTLs), such as those that recognize MUC1, T, or CEAs epitopes which bind to sclected
MHC molecules, e.g. HLA- A2, A3, and A24. Individuals expressing MHC molecules of certain
serotypes, e.2. HLA- A2, A3, and A24 may be selected for therapy using the methods and compositions
of the invention. For example, individuals expressing MHC molecules of certain serotypes, e.g. HLA-
A2, A3, and A24, may be selected for a therapy including raising an immune response against MUCI, T,
or CEAs, using the methods and compositions described herein.

[00294] In various embodiments, these T-cells can be generated by in vitro cultures using antigen-
presenting cells pulsed with the epitope of interest to stimulate peripheral blood mononuclear cells. In
addition, T-cell lines can also be generated after stimulation with MUC1, T, or CEAs latex beads, MUCI,
T, or CEAs protein-pulsed plastic adherent peripheral blood mononuclear cells, or DCs sensitized with
MUCI, T, or CEAs RNA. T-cells can also be generated from patients immunized with a vaccine vector
encoding MUCI, T, or CEAs immunogen. HLA A2-presented peptides from MUCI1, T, or CEAs can
further be found in primary gastrointestinal tumors. In various embodiments, the invention relates to an
HLA A2 restricted epitope of MUCI, T, or CEAs, CAP-1, a nine amino acid sequence (YLSGANLNL;
SEQ. ID. NO.:4), with ability to stimulate CTLs from cancer patients immunized with vaccine-MUCI, T,
or CEAs. Cap-1(6D) (YLSGADLNL,; SEQ. ID. NO.:10) is a peptide analog of CAP-1. Its sequence
includes a heteroclitic (nonanchor position) mutation, resulting in an amino acid change from Asn to Asp,
enhancing recognition by the T-cell receptor. The Asn to Asp mutation appears to not cause any change
in the binding of the peptide to HLA A2. Compared with the non-mutated CAP-1 epitope, Cap-1(6D) can
enhance the sensitization of CTLs by 100 to 1,000 times. CTL lines can be elicited from peripheral blood
mononuclear cells of healthy volunteers by in vitro sensitization to the Cap-1(6D) peptide, but not
significantly to the CAP-1 peptide. These cell lines can lyse human tumor cells expressing endogenous
CEA. Thus, polypeptide sequences comprising CAP-1 or CAP-1(6D), nucleic acid sequences encoding
such sequences, an adenovirus vectors; for example replication defective adenovirus vectors, comprising
such nucleic acid sequences are within the bounds of the invention.

Methods of Treatment

[00295] The adenovirus vectors of the present invention can be used in a number of vaccine settings for
generating an immune response against one or more target antigens as described herein. The present

invention provides methods of generating an immune response against any target antigen, such as those
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described elsewhere herein. The adenovirus vectors are of particular importance because of the
unexpected finding that they can be used to generate immune responses in subjects who have preexisting
immunity to Ad and can be used in vaccination regimens that include multiple rounds of immunization
using the adenovirus vectors, regimens not possible using previous generation adenovirus vectors.
[00296] Generally, generating an immune response comprises an induction of a humoral response
and/or a cell-mediated response. It may desirable to increase an immune response against a target antigen
of interest. Generating an immune response may involve a decrease in the activity and/or number of
certain cells of the immune system or a decrease in the level and/or activity of certain cytokines or other
effector molecules. A variety of methods for detecting alterations in an immune response (e.g., cell
numbers, cytokine expression, cell activity) are known in the art and are useful in the context of the
instant invention. Illustrative methods useful in this context include intracellular cytokine staining (ICS),
ELISpot, proliferation assays, cytotoxic T-cell assays including chromium release or equivalent assays,
and gene expression analysis using any number of polymerase chain reaction (PCR) or RT-PCR based
assays.

[00297] Generating an immune response can comprise an increase in target antigen-specific CTL
activity of between 1.5 and 5 fold in a subject administered the adenovirus vectors of the invention as
compared to a control. In another ernbodiment, generating an immune response comprises an increase in
target-specific CTL activity of about 2, 2.5, 3, 3.5, 4,4.5,5,5.5,6,6.5,7,7.5,8,8.5,9,9.5,10, 10.5, 11,
11.5,12,12.5,15, 16, 17, 18, 19, 20, or more fold in a subject administered the adenovirus vectors as
compared to a control.

[00298] Generating an immune response can comprise an increase in target antigen-specific HTL
activity, such as proliferation of helper T-cells, of between 1.5 and 5 fold in a subject administered the
adenovirus vectors of the invention that comprise nucleic acid encoding the target antigen as compared to
an appropriate control. In another embodiment, generating an immune response comprises an increase in
target-specific HTL activity of about 2, 2.5, 3, 3.5, 4, 4.5, 5,5.5,6,6.5,7,75,8,8.5,9,9.5,10, 10.5, 11,
11.5,12,12.5,15, 16, 17, 18, 19, 20, or more fold as compared to a control. In this context, HTL activity
may comprise an increase as described above, or decrease, in production of a particular cytokine, such as
interferon-y (IFN-y), interleukin-1 (IL-1), IL-2, IL-3, IL-6, IL-7, IL-12, IL-15, tumor necrosis factor-a
(TNF-a), granulocyte macrophage colony-stimulating factor (GM-CSF), granulocyte-colony stimulating
factor (G-CSF), or other cytokine. In this regard, generating an immune response may comprise a shift
from a Th2 type response to a Thl type response or in certain embodiments a shift from a Thl type
response to a Th2 type response. In other embodiments, generating an immune response may comprise
the stimulation of a predominantly Thl or a Th2 type response.

[00299] Generating an immune response can comprise an increase in target-specific antibody

production of between 1.5 and 5 fold in a subject administered the adenovirus vectors of the present
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invention as compared to an appropriate control. In another embodiment, generating an immune response
comprises an increase in target-specific antibody production of about 2, 2.5,3,3.5, 4, 4.5, 5,5.5, 6, 6.5,
7,7.5,8,85,9,9.5,10,10.5,11,11.5,12,12.5,15, 16, 17, 18, 19, 20, or more fold in a subject
administered the adenovirus vector as compared to a control.

[00300] Thus the present invention provides methods for generating an immune response against a
target antigen of interest comprising administering to the individual an adenovirus vector comprising: a) a
replication defective adenovirus vector, wherein the adenovirus vector has a deletion in the E2b region,
and b) a nucleic acid encoding the target antigen; and readministering the adenovirus vector at least once
to the individual; thereby generating an immune response against the target antigen. In certain
embodiments, the present invention provides methods wherein the vector administered is not a gutted
vector. In particular embodiments, the target antigen may be a wild-type protein, a fragment, a variant, or
a variant fragment thereof. In some embodiments, the target antigen comprises MUC1, MUCl¢, MUCln,
T, or CEA, a fragment, a variant, or a variant fragment thereof.

[00301] In a further embodiment, the present invention provides methods for generating an immune
response against a target antigen in an individual, wherein the individual has preexisting immunity to Ad,
by administering to the individual an adenovirus vector comprising: a) a replication defective adenovirus
vector, wherein the adenovirus vector has a deletion in the E2b region, and b) a nucleic acid encoding the
target antigen; and readministering the adenovirus vector at least once to the individual; thereby
generating an immune response against the target antigen. In particular embodiments, the target antigen
may be a wild-type protein, a fragment, a variant, or a variant fragment thereof. In some embodiments,
the target antigen comprises MUC1, MUClc¢, MUCIn, T, or CEA, a fragment, a variant, or a variant
fragment thereof.

[00302] With regard to preexisting immunity to Ad, this can be determined using methods known in the
art, such as antibody-based assays to test for the presence of Ad antibodies. Further, in certain
cmbodiments, the methods of the present invention include first determining that an individual has
preexisting immunity to Ad then administering the E2b deleted adenovirus vectors of the invention as
described herein.

[00303] One embodiment of the invention provides a method of generating an immune response against
one or more target antigens in an individual comprising administering to the individual a first adenovirus
vector comprising a replication defective adenovirus vector, wherein the adenovirus vector has a deletion
in the E2b region, and a nucleic acid encoding at least one target antigen; administering to the individual
a sccond adenovirus vector comprising a replication defective adenovirus vector, wherein the adenovirus
vector has a deletion in the E2b region, and a nucleic acid encoding at least one target antigen, wherein
the at least one target antigen of the second adenovirus vector is the same or different from the at least

one target antigen of the first adenovirus vector. In particular embodiments, the target antigen may be a
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wild-type protein, a fragment, a variant, or a variant fragment thereof. In some embodiments, the target
antigen comprises MUCI1, MUClc, MUClIn, T, or CEA, a fragment, a variant, or a variant fragment
thereof.

[00304] Thus, the present invention contemplates multiple immunizations with the same E2b deleted
adenovirus vector or multiple immunizations with different E2b deleted adenovirus vectors. In each case,
the adenovirus vectors may comprise nucleic acid sequences that encode one or more target antigens as
described elsewhere herein. In certain embodiments, the methods comprise multiple immunizations with
an E2b deleted adenovirus encoding one target antigen, and re-administration of the same adenovirus
vector multiple times, thereby inducing an immune response against the target antigen. In some
embodiments, the target antigen comprises MUC1, MUClc¢, MUCIn, T, or CEA, a fragment, a variant,
or a variant fragment thereof.

[00305] In a further embodiment, the methods comprise immunization with a first adenovirus vector
that encodes one or more target antigens, and then administration with a second adenovirus vector that
encodes one or more target antigens that may be the same or different from those antigens encoded by the
first adenovirus vector. In this regard, one of the encoded target antigens may be different or all of the
encoded antigens may be different, or some may be the same and some may be different. Further, in
certain embodiments, the methods include administering the first adenovirus vector multiple times and
administering the second adenovirus multiple times. In this regard, the methods comprise administering
the first adenovirus vector 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, or more times and administering
the second adenovirus vector 1,2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, or more times. The order of
administration may comprise administering the first adenovirus one or multiple times in a row followed
by administering the second adenovirus vector one or multiple times in a row. In certain embodiments,
the methods include alternating administration of the first and the second adenovirus vectors as one
administration each, two administrations each, three administrations each, and so on. In certain
cmbodiments, the first and the second adenovirus vectors are administered simultancously. In other
embodiments, the first and the second adenovirus vectors are administered sequentially. In some
embodiments, the target antigen comprises MUC1, MUCl¢, MUCIn, T, or CEA, a fragment, a variant,
or a variant fragment thereof.

[00306] As would be readily understood by the skilled artisan, more than two adenovirus vectors may
be used in the methods of the present invention. Three, 4, 5, 6, 7, 8, 9, 10 or more different adenovirus
vectors may be used in the methods of the invention. In certain embodiments, the methods comprise
administering more than one E2b deleted adenovirus vector at a time. In this regard, immune responses
against multiple target antigens of interest can be generated by administering multiple different
adenovirus vectors simultaneously, each comprising nucleic acid sequences encoding one or more target

antigens.
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[00307] The adenovirus vectors can be used to generate an immune response against a cancer, such as
carcinomas or sarcomas (e.g., solid tumors, lymphomas and leukemia). The adenovirus vectors can be
used to generate an immune response against a cancer, such as neurologic cancers, melanoma, non-
Hodgkin’s lymphoma, Hodgkin’s disease, leukemia, plasmocytomas, adenomas, gliomas, thymomas,
breast cancer, prostate cancer, colorectal cancer, kidney cancer, renal cell carcinoma, uterine cancer,
pancreatic cancer, esophageal cancer, lung cancer, ovarian cancer, cervical cancer, testicular cancer,
gastric cancer, multiple myeloma, hepatoma, acute lymphoblastic leukemia (ALL), acute myelogenous
leukemia (AML), chronic myelogenous leukemia (CML), and chronic lymphocytic leukemia (CLL), or
other cancers.

[00308] Methods are also provided for treating or ameliorating the symptoms of any of the infectious
diseases or cancers as described herein. The methods of treatment comprise administering the adenovirus
vectors one or more times to individuals suffering from or at risk from suffering from an infectious
disease or cancer as described herein. As such, the present invention provides methods for vaccinating
against infectious diseases or cancers in individuals who are at risk of developing such a disease.
Individuals at risk may be individuals who may be exposed to an infectious agent at some time or have
been previously exposed but do not yet have symptoms of infection or individuals having a genetic
predisposition to developing a cancer or being particularly susceptible to an infectious agent. Individuals
suffering from an infectious disease or cancer described herein may be determined to express and/or
present a target antigen, which may be use to guide the therapies herein. For example, an example can be
found to express and/or present a target antigen and an adenovirus vector encoding the target antigen, a
variant, a fragment or a variant fragment thereof may be administered subsequently.

[00309] The present invention contemplates the use of adenovirus vectors for the in vivo delivery of
nucleic acids encoding a target antigen, or a fragment, a variant, or a variant fragment thereof. Once
injected into a subject, the nucleic acid sequence is expressed resulting in an immune response against the
antigen encoded by the sequence. The adenovirus vector vaccine can be administered in an “cffective
amount”, that is, an amount of adenovirus vector that is effective in a selected route or routes of
administration to elicit an immune response as described elsewhere herein. An effective amount can
induce an immune response effective to facilitate protection or treatment of the host against the target
infectious agent or cancer. The amount of vector in each vaccine dose is selected as an amount which
induces an immune, immunoprotective or other immunotherapeutic response without significant adverse
effects generally associated with typical vaccines. Once vaccinated, subjects may be monitored to
determine the efficacy of the vaccine treatment. Monitoring the efficacy of vaccination may be performed
by any method known to a person of ordinary skill in the art. In some embodiments, blood or fluid

samples may be assayed to detect levels of antibodies. In other embodiments, ELISpot assays may be
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performed to detect a cell-mediated immune response from circulating blood cells or from lymphoid
tissue cells.

[00310] Routes and frequency of administration of the therapeutic compositions described herein, as
well as dosage, may vary from individual to individual, and from disease to disease, and may be readily
established using standard techniques. In general, the pharmaceutical compositions and vaccines may be
administered by injection (e.g., intracutaneous, intramuscular, intravenous or subcutaneous), intranasally
(c.g., by aspiration), in pill form (e.g. swallowing, suppository for vaginal or rectal delivery). In certain
embodiments, between 1 and 10 doses may be administered over a 52 week period. In certain
embodiments, 6 doses are administered, at intervals of 1 month, and further booster vaccinations may be
given periodically thereafter. Alternate protocols may be appropriate for individual patients. As such, 1,
2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more doses may be administered over a 1
year period or over shorter or longer periods, such as over 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95 or 100 week periods. Doses may be administered at 1, 2, 3, 4, 5, or 6 week intervals or longer
intervals.

[00311] A vaccine can be infused over a period of less than about 4 hours, and more preferably, over a
period of less than about 3 hours. For example, the first 25-50 mg could be infused within 30 minutes,
preferably even 15 min, and the remainder infused over the next 2-3 hrs. More generally, the dosage of
an administered vaccine construct may be administered as one dosage every 2 or 3 weeks, repeated for a
total of at least 3 dosages. Or, the construct may be administered twice per week for 4-6 weeks. The
dosing schedule can optionally be repeated at other intervals and dosage may be given through various
parenteral routes, with appropriate adjustment of the dose and schedule. Compositions of the present
invention can be administered to a patient in conjunction with (e.g., before, simultaneously, or following)
any number of relevant treatment modalities.

[00312] A suitable dose is an amount of an adenovirus vector that, when administered as described
above, is capable of promoting a target antigen immune response as described elsewhere herein. In
certain embodiments, the immune response is at least 10-50% above the basal (i.e., untreated) level. In
certain embodiments, the immune response is at least 2, 3,4, 5,6, 7, 8,9, 10, 12, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 100, 110, 125, 150, 200, 250, 300, 400, 500 or more over the basal
level. Such response can be monitored by measuring the target antigen(s) antibodies in a patient or by
vaccine-dependent generation of cytolytic effector cells capable of killing patient tumor or infected cells
in vitro, or other methods known in the art for monitoring immune responses. Such vaccines should also
be capable of causing an immune response that leads to an improved clinical outcome of the disease in
question in vaccinated patients as compared to non-vaccinated patients. In some embodiments, the
improved clinical outcome comprises treating disease, reducing the symptoms of a disease, changing the

progression of a disease, or extending life.
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[00313] In general, an appropriate dosage and treatment regimen provides the adenovirus vectors in an
amount sufficient to provide therapeutic and/or prophylactic benefit. Such a response can be monitored
by establishing an improved clinical outcome for the particular disease being treated in treated patients as
compared to non-treated patients. The monitoring data can be evaluated over time. The progression of a
disease over time can be altered. Such improvements in clinical outcome would be readily recognized by
a treating physician. Increases in preexisting immune responses to a target protein can generally correlate
with an improved clinical outcome. Such immune responses may generally be evaluated using standard
proliferation, cytotoxicity or cytokine assays, which may be performed using samples obtained from a
patient before and after treatment.

[00314] While one advantage of the present invention is the capability to administer multiple
vaccinations with the same or different adenovirus vectors, particularly in individuals with preexisting
immunity to Ad, the adenoviral vaccines of this invention may also be administered as part of a prime
and boost regimen. A mixed modality priming and booster inoculation scheme may result in an enhanced
immune response. Thus, one aspect of this invention is a method of priming a subject with a plasmid
vaccine, such as a plasmid vector comprising a target antigen of interest, by administering the plasmid
vaccine at least one time, allowing a predetermined length of time to pass, and then boosting by
administering the adenovirus vector. Multiple primings, e.g., 1-4, may be employed, although more may
be used. The length of time between priming and boost may typically vary from about four months to a
year, but other time frames may be used. In certain embodiments, subjects may be primed 1, 2,3, 4, 5, 6,
7, 8, 9, 10, or more times with plasmid vaccines, and then boosted 4 months later with the adenovirus
vector.

[00315] Any of the compositions provided herein may be administered to an individual. “Individual”
may be used interchangeably with “subject” or “patient.” An individual may be a mammal, for example a
human or animal such as a non-human primate, a rodent, a rabbit, a rat, a mouse, a horse, a donkey, a
goat, a cat, a dog, a cow, a pig, or a sheep. In embodiments, the individual is a human. In embodiments,
the individual is a fetus, an embryao, or a child. In some cases, the compositions provided herein are
administered to a cell ex vivo. In some cases, the compositions provided herein are administered to an
individual as a method of treating a disease or disorder. In some embodiments, the individual has a
genetic disease. In some cases, the individual is at risk of having the disease, such as any of the diseases
described herein. In some embodiments, the individual is at increased risk of having a disease or disorder
caused by insufficient amount of a protein or insufficient activity of a protein. If an individual is “at an
increased risk™ of having a discase or disorder, the method involves preventative or prophylactic
treatment. For example, an individual can be at an increased risk of having such a disease or disorder

because of family history of the disease. Typically, individuals at an increased risk of having such a
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disease or disorder benefit from prophylactic treatment (e.g., by preventing or delaying the onset or
progression of the disease or disorder).

[00316] In some cases, a subject does not have a disease. In some cases, the treatment of the present
invention is administered before onset of a disease. A subject may have undetected disease. A subject
may have a low disease burden. A subject may also have a high disease burden. In certain cases, a subject
may be administered a treatment of the present invention according to a grading scale. A grading scale
can be a Gleason classification. A Gleason classification reflects how different tumor tissue is from
normal prostate tissue. It uses a scale from 1 to 5. A physician gives a cancer a number based on the
patterns and growth of the cancer cells. The lower the number, the more normal the cancer cells look and
the lower the grade. The higher the number, the less normal the cancer cells look and the higher the
grade. In certain cases, a treatment may be administered to a patient with a low Gleason score.
Preferably, a patient with a Gleason score of 3 or below may be administered a treatment of the present
invention.

[00317] Various embodiments ofthe invention relate to compositions and methods for raising an
immune response against one or more MUC1, MUC1c, MUC In, T, or CEA antigens in selected patient
populations. Accordingly, methods and compositions of the invention may target patients with a cancer
including but not limited to carcinomas or sarcomas such as neurologic cancers, melanoma, non-
Hodgkin’s lymphoma, Hodgkin’s disease, leukemia, plasmocytomas, adenomas, gliomas, thymomas,
breast cancer, prostate cancer, colorectal cancer, kidney cancer, renal cell carcinoma, uterine cancer,
pancreatic cancer, esophageal cancer, lung cancer, ovarian cancer, cervical cancer, testicular cancer,
gastric cancer, multiple myeloma, hepatoma, acute lymphoblastic leukemia (ALL), acute myelogenous
leukemia (AML), chronic myelogenous leukemia (CML), and chronic lymphocytic leukemia (CLL), or
other cancers can be targeted for therapy. In some cases, the targeted patient population may be limited to
individuals having colorectal adenocarcinoma, metastatic colorectal cancer, advanced MUC1, MUClc,
MUCIn, T, or CEA expressing colorectal cancer, head and neck cancer, liver cancer, breast cancer, lung
cancer, bladder cancer, or pancreas cancer. A histologically confirmed diagnosis of a selected cancer, for
example colorectal adenocarcinoma, may be used. A particular disease stage or progression may be
selected, for example, patients with one or more of a metastatic, recurrent, stage II1, or stage IV cancer
may be selected for therapy with the methods and compositions of the invention. In some embodiments,
patients may be required to have received and, optionally, progressed through other therapies including
but not limited to fluoropyrimidine, irinotecan, oxaliplatin, bevacizumab, cetuximab, or panitumumab
containing therapies. In some cases, individual’s refusal to accept such therapies may allow the patient to
be included in a therapy eligible pool with methods and compositions of the invention. In some
embodiments, individuals to receive therapy using the methods and compositions of the invention may be

required to have an estimated life expectancy of at least, 1,2,3,4,5,6,7,8,9, 10, 11, 12, 14, 15, 18, 21,
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or 24 months. The patient pool to receive a therapy using the methods and compositions of the invention
may be limited by age. For example, individuals who are older than 2,3, 4,5,6,7,8,9, 10, 11, 12, 13,
14,15, 16, 17,18, 19, 20, 21, 25, 30, 35, 40, 50, 60, or more years old can be eligible for therapy with
methods and compositions of the invention. For another example, individuals who are younger than 75,
70, 65, 60, 55, 50, 40, 35, 30, 25, 20, or fewer years old can be eligible for therapy with methods and
compositions of the invention.

[00318] In some embodiments, patients receiving therapy using the methods and compositions of the
invention are limited to individuals with adequate hematologic function, for example with one or more of
a WBC count of at least 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000 or more per microliter, a
hemoglobin level of at least 5,6, 7, &, 9, 10, 11, 12, 13, 14 or higher g/dL, a platelet count of at least
50,000; 60,000; 70,000; 75,000, 90,000; 100,000; 110,000; 120,000; 130,000, 140,000; 150,000 or more
per microliter; with a PT-INR value of less than or equal to 0.8, 1.0, 1.2, 1.3,1.4, 1.5, 1.6, 1.8, 2.0, 2.5,
3.0, or higher, a PTT value ofless than or equal to 1.2, 1.4, 1.5, 1.6, 1.8, 2.0 X ULN or more. In various
embodiments, hematologic function indicator limits are chosen differently for individuals in different
gender and age groups, for example 0-5, 5-10, 10-15, 15-18, 18-21, 21-30, 30-40, 40-50, 50-60, 60-70,
70-80 or older than 80.

[00319] In some embodiments, patients receiving therapy using the methods and compositions of the
invention are limited to individuals with adequate renal and/or hepatic function, for example with one or
more of a serum creatinine level of less than or equal to 0.8,0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8,
1.9,2.0,2.1, 2.2 mg/dL or more, a bilirubin level of .8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9,
2.0, 2.1, 2.2 mg/dL or more, while allowing a higher limit for Gilbert’s syndrome, for example, less than
or equal tol.5,1.6, 1.8, 1.9,2.0,2.1,2.2, 2.3, or 2.4 mg/dL, an ALT and AST value of less than or equal
to less than or equal to 1.5, 2.0, 2.5, 3.0 x upper limit of normal (ULN) or more. In various embodiments,
renal or hepatic function indicator limits are chosen differently for individuals in different gender and age
groups, for example 0-5, 5-10, 10-15, 15-18, 18-21, 21-30, 30-40, 40-50, 50-60, 60-70, 70-80 or older
than 80.

[00320] In some embodiments, the K-ras mutation status of individuals who are candidates for a therapy
using the methods and compositions of the invention can be determined. Individuals with a preselected
K-ras mutational status can be included in an eligible patient pool for therapies using the methods and
compositions of the invention.

[00321] In various embodiments, patients receiving therapy using the methods and compositions of the
invention are limited to individuals without concurrent cytotoxic chemotherapy or radiation therapy, a
history of, or current, brain metastases, a history of autoimmune disease, such as but not restricted to,
inflammatory bowel disease, systemic lupus erythematosus, ankylosing spondylitis, scleroderma,

multiple sclerosis, thyroid disease and vitiligo, serious intercurrent chronic or acute illness, such as
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cardiac disease (NYHA class I or IV), or hepatic disease, a medical or psychological impediment to
probable compliance with the protocol, concurrent (or within the last 5 years) second malignancy other
than non-melanoma skin cancer, cervical carcinoma in situ, controlled superficial bladder cancer, or other
carcinoma in situ that has been treated, an active acute or chronic infection including: a urinary tract
infection, HIV (e.g. as determined by ELISA and confirmed by Western Blot), and chronic hepatitis, or
concurrent steroid therapy (or other immuno-suppressives, such as azathioprine or cyclosporin A). In
some cases, patients with at least 3, 4, 3, 6, 7, 8, 9, or 10 weeks of discontinuation of any steroid therapy
(except that used as pre-medication for chemotherapy or contrast-enhanced studies) may be included in a
pool of eligible individuals for therapy using the methods and compositions of the invention.

[00322] In some embodiments, patients receiving therapy using the methods and compositions of the
invention include individuals with thyroid disease and vitiligo.

[00323] In various embodiments, samples, for example serum or urine samples, from the individuals or
candidate individuals for a therapy using the methods and compositions of the invention may be
collected. Samples may be collected before, during, and/or after the therapy for example, within 2, 4, 6,
8, 10 weeks prior to the start of the therapy, within 1 week, 10 day, 2 weeks, 3 weeks, 4 weeks, 6 weeks,
8 weeks, or 12 weeks from the start of the therapy, within 2, 4, 6, 8, 10 weeks prior to the start of the
therapy, within 1 week, 10 day, 2 weeks, 3 weeks, 4 weeks, 6 weeks, 8 weeks, 9 weeks, or 12 weeks from
the start of the therapy, in 1 week, 10 day, 2 weeks, 3 weeks, 4 weeks, 6 weeks, 8 weeks, 9 weeks, or 12
weeks intervals during the therapy, in 1 month, 3 month, 6 month, 1 year, 2 year intervals after the
therapy, within 1| month, 3 months, 6 months, 1 year, 2 years, or longer after the therapy, for a duration of
6 months, 1,2,3,4,5,6,7, 8,9, 10 years or longer. The samples may be tested for any of the
hematologic, renal, or hepatic function indicators described herein as well as suitable others known in the
art, for example a B-HCG for women with childbearing potential. In that regard, hematologic and
biochemical tests, including cell blood counts with differential, PT, INR and PTT, tests measuring Na, K,
Cl, CO;, BUN, creatinine, Ca, total protcin, albumin, total bilirubin, alkaline phosphatase, AST, ALT and
glucose are within the bounds of the invention. In some embodiments, the presence or the amount of HIV
antibody, Hepatitis BsAg, or Hepatitis C antibody are determined in a sample from individuals or
candidate individuals for a therapy using the methods and compositions of the invention. Biological
markers, such as antibodies to MUC1, MUClc¢, MUC n, T, or CEA or the neutralizing antibodies to AdS
vector can be tested in a sample, such as serum, from individuals or candidate individuals for a therapy
using the methods and compositions of the invention. In some cases, one or more samples, such as 1
blood sample can be collected and archived from an individuals or candidate individuals for a therapy
using the methods and compositions of the invention. Collected samples can be assayed for immunologic
evaluation. Individuals or candidate individuals for a therapy using the methods and compositions of the

invention can be evaluated in imaging studies, for example using CT scans or MRI of the chest,
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abdomen, or pelvis. Imaging studies can be performed before, during, or after therapy using the methods
and compositions of the invention, during, and/or after the therapy, for example, within 2, 4, 6, 8, 10
weeks prior to the start of the therapy, within 1 week, 10 day, 2 weeks, 3 weeks, 4 weeks, 6 weeks, 8
weeks, or 12 weeks from the start of the therapy, within 2, 4, 6, 8, 10 weeks prior to the start of the
therapy, within 1 week, 10 day, 2 weeks, 3 weeks, 4 weeks, 6 weeks, 8 weeks, 9 weeks, or 12 weeks from
the start of the therapy, in 1 week, 10 day, 2 week, 3 week, 4 week, 6 week, § week, 9 week, or 12 week
intervals during the therapy, in 1 month, 3 month, 6 month, 1 year, 2 year intervals after the therapy,
within 1 month, 3 months, 6 months, 1 year, 2 years, or longer after the therapy, for a duration of 6
months, 1,2, 3,4, 5,6, 7, 8,9, 10 years or longer.

Dosages and Administration

[00324] Compositions and methods of the invention contemplate various dosage and administration
regimens during therapy. Patients may receive one or more replication defective adenovirus or
adenovirus vector, for example AdS [El-, E2B-]-CEA(6D), AdS5 [E1-, E2b-]-MUCI,

Ad5 [El-, E2b-]-MUClc, Ad5 [E1-, E2b-]-MUC In, Ad5 [E1-, E2b-]-T that is capable of raising an
immune response in an individual against a target antigen described herein. In various embodiments, the
replication defective adenovirus is administered at a dose that suitable for cffecting such immune
response. In some cases, the replication defective adenovirus is administered at a dose that is greater than
or equal to 1x10%, 2 x10%, 3 x10°, 4 x10°, 5 x10%, 6 x10°, 7 x10°, 8 x10°, 9 x10°, 1x10'°, 2 x10'°, 3 x10'°,
4 x10" 5 %10, 6x10% 7x10'°, 8 x10', 9 x10'°, 1 x10', 2 x10', 3 x10', 4 x10'}, 5x10", 6 x10', 7
XIOH, 8 xlO“, 9 xlO“, 1x1012, 1.5 XlOlz, 2 XIOIZ, 3 xlOlZ, ormore virus particles (VP) per immunization.
In some cases, the replication defective adenovirus is administered at a dose that is less than or equal to
1x10°% 2 x10°, 3 x10°, 4 x10%, 5 x10°, 6 x10°, 7 x10°, 8 x10°, 9 x10°, 1x10'°, 2 x10'°, 3 x10'°, 4 x10', 5
x10", 6 x10', 7x10', 8 x10", 9 x10", 1 x10", 2 x10", 3 x10"", 410", 5x10", 6 x10", 7 x10"", 8
x10", 9 x10", 1x10", 1.5 x10" 2 x10", 3 x10", or more virus particles per immunization. In various
embodiments, a desired dose described herein is administered in a suitable volume of formulation buffer,
for example a volume of about 0.1-10 mL, 0.2-8mL, 0.3-7mL, 0.4-6 mL, 0.5-5 mL, 0.6-4 mL, 0.7-3 mL,
0.8-2mL, 0.9-1.5mL, 0.95-1.2 mL, or 1.0-1.1 mL. Those of skill in the art appreciate that the volume
may fall within any range bounded by any of these values (e.g., about 0.5 mL to about 1.1 mL).
Administration of virus particles can be through a variety of suitable paths for delivery, for example it
can be by injection (e.g., intracutaneously, intramuscularly, intravenously or subcutancously),
intranasally (e.g., by aspiration), in pill form (e.g. swallowing, suppository for vaginal or rectal delivery.
In some embodiments, a subcutancous delivery may be preferred and can offer greater access to dendritic
cells.

[00325] Administration of virus particles to an individual may be repeated. Repeated deliveries of virus

particles may follow a schedule or alternatively, may be performed on an as needed basis. For example,
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an individual’s immunity against a target antigen, for example MUCT, T and/or CEA, may be tested and
replenished as necessary with additional deliveries. In some embodiments, schedules for delivery include
administrations of virus particles at regular intervals. Joint delivery regimens may be designed
comprising one or more of a period with a schedule and/or a period of need based administration assessed
prior to administration. For example, a therapy regimen may include an administration, such as
subcutaneous administration once every three weeks then another immunotherapy treatment every three
months until removed from therapy for any reason including death. Another example regimen comprises
three administrations every three weeks then another set of three immunotherapy treatments every three
months. Another example regimen comprises a first period with a first number of administrations at a
first frequency, a second period with a second number of administrations at a second frequency, a third
period with a third number of administrations at a third frequency, etc., and optionally one or more
periods with undetermined number of administrations on an as needed basis. The number of
administrations in each period can be independently selected and can for example be 1, 2, 3,4, 5,6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more. The frequency of the administration in cach period
can also be independently selected, can for example be about every day, every other day, every third day,
twice a week, once a week, once every other week, every three weeks, every month, every six weceks,
every other month, every third month, every fourth month, every fifth month, every sixth month, once a
year etc. The therapy can take a total period of upto 1,2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21,22, 23, 24, 30, 36 months or more. The scheduled interval between immunizations may be
modified so that the interval between immunizations is revised by up to a fifth, a fourth, a third, or half of
the interval. For example, for a 3-week interval schedule, an immunization may be repeated between 20
and 28 days (3 weeks -1 day to 3 weeks +7 days). For the first 3 immunizations, if the second and/or third
immunization is delayed, the subsequent immunizations may be shifted allowing a minimum amount of
buffer between immunizations. For example, for a three week interval schedule, if an immunization is
delayed, the subsequent immunization may be scheduled to occur no earlier than 17, 18, 19, or 20 days
after the previous immunization.

[00326] Compositions of the invention, such as Ad Ad5 [El-, E2B-]-CEA(6D), Ad5

[El-, E2B-]-MUCI, Ad5 [E1-, E2B-]-MUCI¢, Ad5 [El-, E2B-]-MUCIn, Ad5 [E1-, E2B-]-T virus
particles, can be provided in various states, for example, at room temperature, on ice, or frozen.
Compositions may be provided in a container of a suitable size, for example a vial of 2 mL vial. In one
embodiment, 1 2ml vial with 1.0 mL of extractable vaccine contains 5x10'" total virus particles/mL.
Storage conditions including temperature and humidity may vary. For cxample, compositions for usc in
therapy may be stored at room temperature, 4 °C, -20 °C, or lower.

[00327] In various embodiments, general evaluations are performed on the individuals receiving

treatment according to the methods and compositions of the invention. One or more of any tests may be
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performed as needed or in a scheduled basis, such as on weeks 0, 3, 6 etc. A different set of tests may be
performed concurrent with immunization vs. at time points without immunization.

[00328] General evaluations may include one or more of medical history, ECOG Performance Score,
Kamofsky performance status, and complete physical examination with weight by the attending
physician. Any other treatments, medications, biologics, or blood products that the patient is receiving or
has received since the last visit may be recorded. Patients may be followed at the clinic for a suitable
period, for example approximately 30 minutes, following receipt of vaccine to monitor for any adverse
reactions. Local and systemic reactogenicity after each dose of vaccine will may be assessed daily for a
selected time, for example for 3 days (on the day of immunization and 2 days thereafter). Diary cards
may be used to report symptoms and a ruler may be used to measure local reactogenicity. Immunization
injection sites may be assessed. CT scans or MRI of the chest, abdomen, and pelvis may be performed.
[00329] In various embodiments, hematological and biochemical evaluations are performed on the
individuals receiving treatment according to the methods and compositions of the invention. One or more
of any tests may be performed as needed or in a scheduled basis, such as on weeks 0, 3, 6 ete. A different
set of tests may be performed concurrent with immunization vs. at time points without immunization.
Hematological and biochemical evaluations may include one or more of blood test for chemistry and
hematology, CBC with differential, Na, K, Cl, CO,, BUN, creatinine, Ca, total protein, albumin, total
bilirubin, alkaline phosphatase, AST, ALT, glucose, and ANA

[00330] In various embodiments, biological markers are evaluated on individuals receiving treatment
according to the methods and compositions of the invention. One or more of any tests may be performed
as needed or in a scheduled basis, such as on weeks 0, 3, 6 etc. A different set of tests may be performed
concurrent with immunization vs. at time points without immunization.

[00331] Biological marker evaluations may include one or more of measuring antibodies to MUCI,
MUClec, MUCIn, CEA or the AdS vector, from a serum sample of adequate volume, for example about
Sml Biomarkers (¢.g., CEA or CA15-3) may be reviewed if determined and available.

[00332] In various embodiments, an immunological assessment is performed on individuals receiving
treatment according to the methods and compositions of the invention. One or more of any tests may be
performed as needed or in a scheduled basis, such as on weeks 0, 3, 6 etc. A different set of tests may be
performed concurrent with immunization vs. at time points without immunization.

[00333] Peripheral blood, for example about 90mL may be drawn prior to each immunization and at a
time after at least some of the immunizations, to determine whether there is an effect on the immune
response at specific time points during the study and/or after a specific number of immunizations.
Immunological assessment may include one or more of assaying peripheral blood mononuclear cells

(PBMC) for T-cell responses to MUCI, MUClc, MUCIn, T or CEA using ELISpot, proliferation assays,
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multi-parameter flow cytometric analysis, and cytoxicity assays. Serum from each blood draw may be
archived and sent and determined.

[00334] In various embodiments, a tumor assessment is performed on individuals receiving treatment
according to the methods and compositions of the invention. One or more of any tests may be performed
as needed or in a scheduled basis, such as prior to treatment, on weeks 0, 3, 6 etc. A different set of tests
may be performed concurrent with immunization vs. at time points without immunization. Tumor
assessment may include one or more of CT or MRI scans of chest, abdomen, or pelvis performed prior to
treatment, at a time after at least some of the immunizations and at approximately every three months
following the completion of a selected number, for example 2, 3, or 4, of first treatments and for example
until removal from treatment.

[00335] Immune responses against a target antigen described herein, such as CEA, may be evaluated
from a sample, such as a peripheral blood sample of an individual using one or more suitable tests for
immune response, such as ELISpot, cytokine flow cytometry, or antibody response. A positive immune
response can be determined by measuring a T-cell response. A T-cell response can be considered positive
if the mean number of spots adjusted for background in six wells with antigen exceeds the number of
spots in six control wells by 10 and the difference between single values of the six wells containing
antigen and the six control wells is statistically significant at a level of p<0.05 using the Student’s t-test.
Immunogenicity assays may occur prior to each immunization and at scheduled time points during the
period of the treatment. For example, a time point for an immunogenicity assay at around week 1, 2, 3, 4,
56,7,8,9,10, 11, 12, 13, 14, 15, 18, 20, 24, 30, 36, or 48 of a treatment may be scheduled even
without a scheduled immunization at this time. In some cases, an individual may be considered evaluable
for immune response if they receive at least a minimum number of immunizations, for example 1, 2, 3, 4,
5,6,7,8,9, or more immunizations.

[00336] In some embodiments, disease progression or clinical response determination is made
according to the RECIST 1.1 criteria among patients with measurable/cvaluable discasc. In some
embodiments, therapies using the methods and compositions of the invention affect a Complete Response
(CR; disappearance of all target lesions for target lesions or disappearance of all non-target lesions and
normalization of tumor marker level for non-target lesions) in an individual receiving the therapy. In
some embodiments, therapies using the methods and compositions of the invention affect a Partial
Response (PR; at least a 30% decrease in the sum of the LD of target lesions, taking as reference the
baseline sum LD for target lesions) in an individual receiving the therapy.

[00337] In some embodiments, therapies using the methods and compositions of the invention affect a
Stable Disease (SD; neither sufficient shrinkage to qualify for PR nor sufficient increase to qualify for
PD, taking as reference the smallest sum LD since the treatment started for target lesions) in an individual

receiving the therapy. In some embodiments, therapies using the methods and compositions of the
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invention affect an Incomplete Response/ Stable Disease (SD; persistence of one or more non-target
lesion(s) or/and maintenance of tumor marker level above the normal limits for non-target lesions) in an
individual receiving the therapy. In some embodiments, therapies using the methods and compositions of
the invention affect a Progressive Disease (PD; at least a 20% increase in the sum of the LD of target
lesions, taking as reference the smallest sum LD recorded since the treatment started or the appearance of
one or more new lesions for target lesions or persistence of one or more non-target lesion(s) or/and
maintenance of tumor marker level above the normal limits for non-target lesions) in an individual
receiving the therapy.

KITS
[00338] The compositions, immunotherapy or vaccines may be supplied in the form of a kit. The kits of

the present disclosure may further comprise instructions regarding the dosage and or administration
including treatment regimen information.

[00339] TIn some embodiments, kits comprise the compositions and methods for providing combination
multi-targeted cancer immunotherapy. In some embodiments, kits comprise the compositions and
methods for the combination multi-targeted treatment of an infectious disease. In some embodiment’s
kits may further comprise components useful in administering the kit components and instructions on
how to prepare the components. In some embodiments, the kit can further comprise sottware for
conducting monitoring patient before and after treatment with appropriate laboratory tests, or
communicating results and patient data with medical staff.

[00340] The components comprising the kit may be in dry or liquid form. If they are in dry form, the kit
may include a solution to solubilize the dried material. The kit may also include transfer factor in liquid
or dry form. If the transfer factor is in dry form, the kit will include a solution to solubilize the transfer
factor. The kit may also include containers for mixing and preparing the components. The kit may also
include instrument for assisting with the administration such for example needles, tubing, applicator,
inhalant, syringe, pipette, forceps, measured spoon, eye dropper or any such medically approved delivery
vehicle. The kits or drug delivery systems of the present invention also will typically include a means for
containing compositions of the present disclosure in close confinement for commercial sale and

distribution.
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EXAMPLES

Peptides and Vectors

[00341] The following HLA-A2 and HLA-A24 binding peptides were used in this and other examples: (a)
the HLA-A2 binding CEA agonist peptide CAP1-6D (YLSGADLNL (SEQ ID NO:10)), (b) the HLA-A2
MUCT agonist peptide P93L (ALWGQDVTSV (SEQ ID NO:12)), (c) the HLA-A24 binding MUCI agonist
peptide C6A (KYHPMSEYAL (SEQ ID NO:13)), and (d) the HLA-A2 binding brachyury agonist peptide
(WLLPGTSTYV (SEQ 1D NO:14)). All peptides were greater than 96% pure.

[00342] AdS [E1-, E2b-]-brachyury, Ad5 [El-, E2b-]-CEA and AdS [E1-, E2b-]-MUCI1 were

constructed and produced. Briefly, the transgenes were sub-cloned into the E1 region of the Ad5 [El-,

E2b-] vector using a homologous recombination-based approach. The replication deficient virus was
propagated in the E.C7 packaging cell line, CsCl, purified, and titered. Viral infectious titer was
determined as plaque-forming units (PFUs) on an E.C7 cell monolayer. The VP concentration was
determined by sodium dodecyl sulfate (SDS) disruption and spectrophotometry at 260 nm and 280 nm.
The CEA transgene also contained a modified CEA containing the highly immunogenic epitope CAP1-
6D.

[00343] The sequence encoding for the human brachyury protein (T, NM_003181.3) was modified by
introducing the enhancer T-cell HLA-A2 epitope (WLLPGTSTV) and removal of a 25 amino acid
fragment involved in DNA binding. The resulting construct was subsequently subcloned into the AdS
vector to generate the Ad5 [El-, E2b-]-brachyury construct.

[00344] The MUC1 molecule consisted of two regions: the N-terminus (MUC-n), which is the large
extracellular domain of MUC], and the C-terminus (MUC1-¢), which has three regions: a small
extracellular domain, a single transmembrane domain, and a cytoplasmic tail. The cytoplasmic tail
contained sites for interaction with signaling proteins and acts as an oncogene and a driver of cancer
motility, invasiveness and metastasis. For construction of the Ad5 [E1-, E2b-]-MUCI, the entire MUCI
transgene, including eight agonist epitopes, was subcloned into the Ad5 vector. The agonist epitopes
included in the Ad5 [El-, E2b-]-MUCT vector bind to HLA-A2 (epitope P93L in the N-terminus, VIA
and V2A in the VNTR region, and C1A, C2A and C3A in the C-terminus), HLA-A3 (epitope C5A), and
HLA-A24 (epitope C6A in the C-terminus). The Tri-AdS vaccine was produced by combining of 10™
VP of AdS [E1-, E2b-]-Brachyury, Ad5 [El-, E2b-]-CEA and AdS [El-, E2b-]-MUCI at a ratio of 1:1:1
(3x10" VP total).

EXAMPLE 1: Multiple Injections of AdSNull Adenovirus Vector Produces Anti-Adenovirus
Antibodies

[00345] This example shows that multiple injections of Ad5-null results in the production of anti-

adenovirus antibodies in the injected subjects.
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[00346] It was demonstrated that the AdS-null adenovirus vector that does not contain any heterologous
nucleic acid sequences, generated a neutralizing immune response in mice. In one experiment, female
Balb/c mice aged 5-7 weeks were immunized with Ad5SNull viral particles at 14 day intervals. To
determine the presence of anti-adenovirus antibodies, an enzyme linked immunosorbent assay (ELISA)
was used. For this ELISA, 10° viral particles were coated onto microtiter wells in 100 uL of 0.05M
carbonate/bicarbonate buffer, pH 9.6, and incubated overnight at room temperature. For a standard
immunoglobulin G (IgG) reference curve, 200 ng, 100 ng, 50 ng, 25 ng, and 0 ng of purified mouse 1gG
were coated onto microtiter wells as described above. After incubation, all wells were washed 3 times
with 250 pL of 1% bovine serum albumin (BSA) in phosphate buffered saline (PBS), pH 7.4. After
washing, 250 pLL of BSA/PBS was added to all and incubated for 30 minutes at room temperature to
block unbound sites. After incubation, all wells were washed 3 times with 250 pL of BSA/PBS. After
washing, 200 pL of a 1/100 serum dilution in BSA/PBS was added to wells and incubated for 1 hour at
room temperature. For a positive control, 200 pL of a 1/10000 dilution of anti-adenovirus antiserum in
BSA/PBS was added to wells. Control wells contained BSA/PBS only. After incubation, all wells were
washed 3 times with 250 pL of BSA/PBS. After washing, 200 uL of a 1/10000 dilution of peroxidase
conjugated y-chain specitfic goat anti-mouse IgG (Sigma Chemicals) in BSA/PBS were added to cach
well and incubated for 1 hour at room temperature. After incubation, all wells were washed 3 times with
250 uL of BSA/PBS. After washing, 200 pL of developing reagent (0.5 mg/mL 1,2-phenylene-diamine
in 0.2M potassium phosphate buffer, pH 5.0, containing 0.06% hydrogen peroxide) was added to each
well and incubated for 30-40 minutes at room temperature. After incubation, the color reaction was
stopped by addition of 50 uL. 5N HCl to each well. All wells were then read in a microwell plate reader at
492 nm. After readings were obtained, the optical density readings of unknown samples were correlated
with the standard IgG curve to obtain the ngs of IgG bound per well. This was performed using the
INSTAT statistical package.

ELISA to detect antibodics against CEA

[00347] ELISA plates were coated with 100 ng of human CEA (Sigma-Aldrich) in 0.05 M carbonate-
bicarbonate buffer pH 9.6 and incubated overnight at room temperature. Plates were washed three times
with phosphate buffered saline containing 1% Tween-20 (PBS-T) and then blocked with PBS containing
1% BSA for 60 min at room temperature. After an additional three washes, serum diluted 1/50 in PBS-T
was added to the wells and the plates were incubated for 1 hour at room temperature. Peroxidase labeled
goat anti-mouse immunoglobulin (Ig) G (y-chain specific) (Sigma-Aldrich) antibody at 4 1:5000 dilution
was added to the wells after washings and plates were incubated for 1 hour. Plates were washed three
times and 1,2-phenylene-diamine substrate solution was added to each well. The reaction was stopped by
adding 10% phosphoric acid. Absorbance was measured at 492 nm on a SpectraMax 190 ELISA reader.

The nanogram equivalents of IgG bound to CEA per well was obtained by reference to a standard curve
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generated using purified mouse IgG and developed at the same time as the CEA ELISA. The results were
analyzed and quantitated using SoftMax Pro 6.3 software.

[00348] Significant levels (P<0.001) of anti-adenovirus IgG antibody were detected in mice 2 weeks
after a first injection with 10'® Ad-5-null (FIG. 1). A significantly higher level (P<0.001) was observed 2
weeks after a second injection with 10'® adenovirus. Significantly higher (P<0.001) levels of antibody
were continued to be observed 2 weeks after a third injection with 10" AdS-null. Each value represents
the average of triplicate determinations from pooled sera of 5 mice in each group. Multiple injections of
Ad5-null resulted in production of anti-adenovirus antibodies in the subjects.

[00349] To determine the presence of neutralizing antibody to Ad, the following assay was utilized. A
HEK-293T-cell line was cultured in 200 pL of culture medium consisting of DMEM containing 10%
fetal calf serum (DMEM/FCS) in microwell tissue culture plates at a cell concentration of 2x10> cells per
well for 24 hours at 37 °C in 5% CQOs. After incubation, 100 uL of culture medium was removed from
triplicate wells and mixed with 20 uL of DMEM/FCS containing viral particles (VP). After mixing, the
120 uL mixture was added back to the respective microwells. In another set of triplicate wells, 100 pL of
culture medium was removed and mixed with 20 pL of heat inactivated (56 °C for 1 h) Ad immune
mouse scrum previously incubated with VP for one hour at room temperature. After mixing, the 120 uLb
mixture was added back to the respective wells. In triplicate cell control wells, 20 pL of DMEM/FCS was
added to control for total culture medium volume. Triplicate medium-only control wells contained 220
pL of DMEM/FCS. The tissue culture plate was incubated for an additional 3 days at 37 °C in 5% COs.
After incubation, 40 pL of PROMEGA cell viability reagent (Owen’s reagent) was added to all wells and
incubated for 75 minutes at 37 C in 5% CO,. In this assay, the Owen’s reagent (MTS tetrazolium
compound) is bioreduced by viable cells into a colored formazan product that is soluble in tissue culture
medium. The quantity of formazan product as measured by absorbance at 490 nm is directly proportional
to the number of living cells in culture. After incubation, 150 uL was removed from each well and
transferred to another microwell plate for optical density readings. Optical density readings at 492 nm
were subsequently obtained using a microwell plate reader.

[00350] To detect the presence of neutralizing antibodies to Ad, groups of 5 mice each were injected
once, twice, or three times with 10'° Ad5-null at two week intervals. Two weeks after the final injection
of virus, mice were bled, pooled, and assessed for neutralizing antibody as described above using 4x10’
VP incubated with or without heat inactivated sera. Cells cultured alone served as a control group.
Normal mice and mice injected one time with AdSnull did not exhibit significant levels of neutralizing
antibody (FIG. 2). Mice injected two times with Ad exhibited significant (P<0.05) levels of ncutralizing
antibody as compared with cells incubated with virus only. Mice injected three times with Ad5-null also
exhibited significant (P<0.01) levels of neutralizing antibody as compared with cells incubated with virus

only.
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EXAMPLE 2: The AdS5 [E1-]-CEA Vector Vaccine Induces CEA Specific Inmune Response Upon Re-
Immunization in Ad5 Immune Mice

[00351] This example shows that the Ad5 [E1-, E2b-] vector platform induces CMI responses against
the tumor associated antigen (TAA) carcinoembryonic antigen (CEA) in the presence of pre-existing AdS
immunity in mice.

Characterization of Ad5 CEA Vectors

[00352] Initial studies were performed to confirm CEA gene expression of two Ad5-CEA vector
platformms. It was first determined that the CEA antigen could be expressed on cells transfected with the
vaccine vector platforms. A549 cells were obtained from ATCC and transfected with Ad5 [E1-]-CEA or
Ad5 [El-, E2b-]-CEA. Westem blot analysis revealed that cells transfected with the vector platforms
expressed CEA antigen. (FIG. 35)

Methods

[00353] AS549 cells were inoculated at a MOI of 555 VPs/cell with AdS [E1-, E2b-]-CEA. Cells were
incubated for 48 hours at 37°C in 5% CO.. After 48 hours cells were harvested and washed with PBS and
freeze/thawed three times. The whole cell lysate was heated for 70 °C for 10 min prior to loading on the
gel. Recombinant CEA control was loaded at 30ng/Lanc and the prepared lysate at 20 pL/lane. Sample
loading buffer was included as an additional negative control and the positive controls were Magic Mark
CP Western markers and the recombinant CEA. The gel was transferred to a nitrocellulose membrane
and blocked with SuperBlock Blocking solution for 60 min. The membrane was probed with mouse
monoclonal anti-CEA primary antibody (1:1000) and a secondary anti-mouse HRP (1:2500) conjugated
antibody. The membrane was washed three times then incubated with SuperSignal chemiluminescent
reagent and banding was visualized by exposing X-ray film to the membrane followed by development.
Induction of Ad5 Immunity in Mice

[00354] To assess the levels of Ad5 immunity that could be induced, groups of Ad5 naive C57B1/6 mice
were injected subcutancously with the Ad3 vector platform (VP). Twenty cight to forty two days later,
serum samples were collected and assessed for endpoint Ad5 NAb titers. As shown in FIG. 3,
undetectable Ad5 NADb titers (endpoint AdS NAD titer < 1/25) were observed in normal control mice.
Ad5 NADb (endpoint titers of 1/25 to 1/50) was detectable after one injection but dramatically increased

after three injections of 10'® AdS. Therefore, in additional Ad5 immune studies, mice were injected twice
with 10'® Ad5 VP to render the animals Ad5 immune.
Immunization of AdS Immune Mice with AdS [E1-]-CEA or Ad5 [El-, E2b-]-CEA.

[00355] These experiments were designed to determine and compare the immunization induction
potential of Ad5 [E1-]-CEA and Ad5 [El-, E2b-]-CEA vaccines in Ad5 immune mice. Groups of female
C57Bl/6 mice, 4 to 8 weeks old, were immunized 2 times at 2 week intervals with 10" Ad5-null VP,

Two weeks following the last Ad5-null immunization, the mice were immunized 3 times at weekly
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intervals with 10'” VP of AdS [E1-]-CEA or Ad5 [El-, E2b-]-CEA. Two weeks following the last
immunization, mice were euthanized and their spleens and sera harvested for analyses.

[00356] CMIlresponses were assessed by ELISpot assays performed on splenocytes exposed to intact
CEA antigen. Splenocytes from Ad5 immune C57B1/6 mice that were immunized subcutaneously with
Ad5 E1-]-CEA or Ad5 [El-, E2b-]-CEA were harvested and assessed for the number of IFN-y and IL-2
secreting cells as described above. Significantly elevated numbers of both IFN-y and IL-2 secreting cells
were observed in spleens assayed from mice immunized with Ad5 [E1-, E2b-]-CEA as compared to
immunized Ad5 [E1-]-CEA mice (FIG. 4A and FIG. 4B). Specificity studies revealed that
immunizations with Ad5 CEA vectors induced specific CEA associated CMI responses and not responses
against other irrelevant antigens such as the HIV-gag protein or B-galactosidase. These results
demonstrate that immunization of Ad5 immune mice with AdS [EL-, E2b-]-CEA induce significantly
higher CMI responses.

Lack of Adverse Liver Effects in Immunized Mice

[00357] Toxicity studies were performed on serum from Ad5 immune female C57B1/6 mice immunized
with Ad5 [E1-]-CEA, Ad5 [El-, E2b-]-CEA as described above. Ad5 naive or AdS5 immune mice
injected with buffer alone served as controls. Three days after the third immunization, aspartate
aminotransferase (AST) levels were assessed on the blood samples to determine liver toxicity due to the
treatment. AST levels were not elevated over controls following immunization with either vector (FIG.
5). Alanine aminotransferase (ALT) levels were also assessed and similar results were observed.

AdS5S [El-, E2b ] CEA Immunotherapy in AdS Immune Tumor Bearing Mice

[00358] Based upon the successful immunological results observed above, studies in which MC38
tumors were established in mice and then treated were performed as described below. For these studies a
CEA expressing MC38 murine cell line was used. This cell line has been genetically modified to express
human CEA and can be implanted into C57BI/6 mice. After tumor establishment, the mice were treated
with the novel Ad5S [E1-, E2b-]-CEA vector platform. To determine if Ad5 immune tumor bearing mice
could be treated with the AdS [E1-, E2b-]-CEA vector, C57Bl/6 mice were injected two times
subcutaneously with 10'° Ad5 [E1-]-null VP at 14 day intervals to render the mice Ad5 immune. Two
weeks after the last injection, two groups of 7 C57Bl/6 mice were injected subcutaneously with 10° CEA
expressing MC38 tumor cells. Seven days later, when tumors were palpable, one group of mice was
treated by distal subcutaneous injection with 10" VP of Ad5 [E1-, E2b-]-CEA on days 7, 13 and 19. A
group of 7 injection buffer only treated C57Bl/6 mice served as untreated controls. All mice were
monitored for tumor size over a 21 day period and tumor volumes were determined as previously
described.

[00359] The tumor growth by day 19 was significantly reduced in the Ad5 [E1-, E2b-]-CEA treated
mice and remained so (FIG. 6). At the end of the study (Day 22), the mice were sacrificed and the tumors
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were excised and weighed. Tumor measurements were taken and volumes were determined. Statistical
analysis was performed using the Bonferroni post-tests analysis with PRISM software. The tumors in the
mice treated with Ad5 [El-, E2b-]-CEA were significantly (P<0.05) smaller in weight than the untreated
controls (FIG. 7).

[00360] At the termination of the study, spleens were collected from mice and the CEA specific CMI
response was determined by ELISpot assay. CEA specific IFN-y secretion response was significantly
higher in mice immunized with Ad5 [E1-, E2b-]-CEA than in mice who received MC-38 tumor cells
alone. These results indicate that treatment of CEA expressing tumors in Ad3 immunized mice using the
Ad5 [El-, E2b-]-CEA vaccine can significantly decrease tumor growth progression.

EXAMPLE 3: Quantitative ELISA for CEA expression on A549 cells after infection

[00361] This example shows a dose response evaluation using the Ad5 [El-, E2b-] CEA vector to
transduce the human cancerous lung cell line, A-549. The results show that the CEA antigen can be
expressed in a dose dependent manner.

Experimental Design

[00362] On day one, of the assay a BD Falcon Tissue Culture 96-well plate was seeded with A549 cells
passaged three days prior (lot# 30Jul02, passage p+23), (7.7x10° cells/well) and placed into a 3742 °C
incubator with a 5+2% CO, atmosphere overnight.

[00363] The next day, a dilution series of the test article were prepared and replicate wells were
inoculated at levels ranging from 1.56x10% to 2.5x10" viral particles/well. Untreated A549 cells were
used to serve as the mock sample. On day four of the assay wells were treated with a 10% Triton X-100
solution for analysis by ELISA to measure CEA concentration. For the ELISA, a microtiter plate was
coated overnight with an anti-CEA capture antibody (abcam Carcino embryonic antigen CEA antibody
[(NCRC16(AKA161))]). The wells were washed to remove unbound reactants, and the plate was blocked
with a Phosphate Buffered Saline (PBS) solution containing 1% Tween 20 to fall within the range of the
standard curve. After the blocking period, the wells were washed, and samples, controls, and standards
were incubated in assigned triplicate wells. Unbound reactants were removed by washing, and a rabbit
polyclonal antibody to a CEA detection antibody was added. After incubation, the wells were washed and
incubated with 3,3°,5,5-tetramethylbenzidine (TMB), the peroxidase substrate. The substrate formed a
colored product in the presence of the enzyme, reaction was stopped with 1 M phosphoric acid solution,
and the absorbance was determined on a calibrated microplate reader. A calibration curve was generated
from standards containing known concentrations of CEA, and the curve was used to determine the
concentration of CEA in the samples._The quantity of CEA produced per virus particle was calculated
from the concentration of CEA measured by ELISA, after adjusting for dilution and multiplicity of
infection (MOI). The value determined in a similar manner for culture media alone was subtracted to

compensate for background levels present in the media. The sample analysis is shown in Table 2.
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TABLE 2
Sample D | A0 ‘ Blank | EUISA | gy | AVG | Tetal | by
Awo | Rep2 SD Subtr | PR | o] CEA CEA | (i)
Rep 1 Fact g (ng/mL) [ (ng/mL) P
10-002917 | 13387 | 1.2977 0.029 1244 | 1000 | 7,731
Well 1 at
2 sEro4vp | 07121 | 0.6789 0.023 0.622 | 2000 | 7,797
10-002917 | 1.1717 | 1.1329 0.027 1.078 | 1000 | 6,563
Well 2 at 7,691 7,621 0.30
5 SEr04vp | 06222 | 06151 0.005 0.545 | 2000 | 6975
10-002917 | 1.1659 | 2.0492 0.625 1534 | 1000 | 10,264
Well 3 at
2 sEiohyp | 06131 0.5946 0.013 0.530 | 2000 | 6815
10002917 | 1.1051 | 1.0759 0.021 1.017 | 1000 | 6,169
Well 1 at . . ]
L25E+04 vp | 93970 | 05716 0.018 0.510 | 2000 | 6,602
10-002917 | 1.0652 | 1.0376 0.020 0.977 | 1000 | 5019
Well 2 - at) 5006 | 0.5770 0.003 0.501 | 2000 | es06 | &0 3979 0.48
1.25E+04 vp
10-002917 | 0.9731 | 0.0514 0.015 0.88% | 1000 | 5,383
Well 3 at
L 25E-04 vp | 03049 | 04970 0.006 0427 | 2000 | 5,716
10-002917 | 0.7601 | 0.7210 0.028 0.667 | 1000 | 4,141
Well 1 at
6.25E-03 vp | 04041 | 03881 0.011 0322 | 2000 | 4,566
10-002917 | 0.7157 | 0.7068 0.006 0.637 | 1000 | 3.979
2
Well 2 - at| 4003 | 0.3843 0.004 0313 | 2000 | 4465 | 286 | 4216 | 067
6.25E+03 vp
10-002917 | 0.7360 | 0.7188 0.012 0.653 | 1000 | 4,065
Well 3 at
6.256-03 vp | 03995 | 0.3807 0.013 0.316 | 2000 | 4,499
10-002917 | 0.8920 | 0.8878 0.003 0816 | 500 | 2483
Well 1 at . i
313E-03 vp | 04573 | 04613 0.003 0385 | 1000 | 2,631
10-002917 | 0.8615 | 0.8544 0.005 0.784 | 500 | 2,303
Well 2 atl o 405 | 0.4406 0.001 0368 | 1000 | 2538 | 2090 | 2620 | 084
3.13E+03 vp
10-002917 1.0518 | 1.0464 0.004 0.975 500 2,953
Well 3 at
313603 vp | 03519 | 0.5565 0.003 0480 | 1000 | 3,141
10-002917 | 1.8771 | 1.8616 0.011 1795 | 100 | 1351
Well 1 at
L S6E-03 vp | 111963 | 1.1695 0.019 1.109 | 200 | 1,354
10-002917 | 1.7435 | 1.7436 0.000 1670 | 100 | 1179
Well 2 at 1,271 1,201 0.77
1 S6E-03 vp | 10960 | 1.0788 0.012 1.013 | 200 | 1229
10-002917 | 1.7801 | 1.8098 0.021 1721 | 100 | 1245
Well 3 at
2 2
LS6E-03 vp | 111041 | 11263 0016 1.041 | 200 | 1,264
10-002917 | 1.2500 | 1.2278 0016 1165 | 10 7
Well 1 Mock | 0.7146 | 0.6952 0014 0631 | 20 79
10-002917 | 1.0290 | 1.2382 0.007 1160 | 10 71 o o
Well 2 Mock [ 0.7246 | 0.7133 0.008 0.645 | 20 80 -
10-002917 | 0.9769 | 0.0750 0.001 09002 | 10 53
Well 3 Mock [ 05579 | 0.5454 0.009 0478 | 20 63

-96-




CA 02974237 2017-07-05

WO 2016/112195 PCT/US2016/012496

EXAMPLE 4: Schedule, dose, route of immunization safety data

[00364] Initial pre-clinical studies were performed to evaluate and confirm that an AdS [El-, E2b-]
vector platform could express the antigen proteins on transfected cells. A-549 cells were transfected with
vaccine platforms and analyzed by Western Blot Analysis (FIG. 8). Antigen proteins such as HIV-gag,
HIV-pol, or HIV-nef were observed to be expressed on cells once they were transfected with the Ad5
[E1-, E2b-] vector platforms.

[00365] A dose response evaluation was performed using the Ad5 [E1-, E2b-] vector platform and
demonstrated that 10'° virus particles (VP) is a dose that results in a desired CMI response against a
transgene product in a murine model. CMI responses were assessed by utilizing an ELISpot assay to
detect interferon-y (IFN-y) and IL-2 secreting cells (splenocytes) from spleens of mice. Furthermore, in
murine and non-human primate (NHP) models, three immunizations using 10'° VP separated by two
weeks to four weeks, respectively, resulted in the desired CMI responses. In mice, a greater degree of
CMI responses were observed after multiple immunizations as compared with one immunization only
(FIG. 9).

[00366] In a NHP model, the animals were rendered Ad5 immune by injection with wild type Ad5
virus. When Ad5 neutralizing antibody titers reached 1:50 or greater, which confirmed that the animals
were immune to AdS, they were immunized intradermally three times at 30 day intervals with AdS-[El-,
E2b-]-gag at a dose of 1x10' VP. 32 days after last vaccination and 124 days after the first immunization
(wild type Ad5), the NAD titers were equal to or greater than 1:1000. After immunizations, the presence
of robust CMI responscs was detected, when peripheral blood mononuclear cclls (PBMCs) of animals
were assessed for [FN-y and IL-2 secreting cells (FIG. 10).

[00367] In addition to the preliminary immunology studies performed in the initial vaccine trial in 3
NHP shown above, toxicity studies were also performed on the same NHP vaccinated with AdS

[E1-, E2b-]-HIV gag. Animal temperatures and weights were assessed during the study period. The
animals gained weight as they grew during the study period. No temperature differences were observed
during the study period. Hematology studies were also performed on the vaccinated NHP. There
appeared to be a small increase in the white blood cell count 2 weeks after the second vaccination that
normalized thereafter.

[00368] Other than fluctuation in values, there appeared to be no other differences in hematology values
during the course of the study. Chemistry values were also determined in the NHP during the course of
the study. Alkaline phosphatase levels declined slightly during the course of the study but remained in the
normal range. Albumin levels declined slightly during the course of the study but remained in the normal.
There were no other differences observed in the blood chemistries during the course of the study. The
route of immunization in this clinical study is chosen since the preponderance of DCs reside in the

dermis.
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[00369] A desired level of CMI response was induced using the Ad5 [El-, E2b-] platform employing
CEA and other transgenes. Using an Ad5 [El-, E2b-]-CEA vector platform, both non-Ad5 immune and
Ad5 pre-immunized mice were injected three times with the vaccine. After immunizations, the
splenocytes from mice were assessed by ELISpot for [FN-y secreting cells. Elevated CMI responses were
observed after immunizations and the levels of CMI responses were similar in both non-Ad5 immune and
Ad5 pre-immunized mice (FI1G. 11). These results indicate that robust CMI responses can be induced
despite the presence of pre-existing Ad5 immunity. A III clinical study was designed using three
immunizations separated by three weeks via a needle subcutaneous delivery method.

Rationale for schedule, dose, route of administration

[00370] A clinical study design flowed from pre-clinical and clinical studies in animals and humans
using the Ad5 [E1-, E2b-] vector platform. A dose response evaluation using the Ad5 [E1-, E2b-] vector
platform was performed demonstrating that 10" VPs is a dose which results in a desired CMI response
against a transgene product in a murine model. Furthermore, in murine and non-human primate (NHP)
models three immunizations using 10" VP separated by two to four weeks respectively resulted in the
desired CMI. The route of immunization is chosen since a preponderance of dendritic cells (DCs) reside
in the dermis. Using this premise, multiple murine and NHP studies were performed using a
subcutaneous injection protocol. A desired level of circulating CMI was induced using the Ad5 [El-,
E2b-] platform employing CEA and other transgenes. A phase III clinical study followed using three
immunizations separated by three weeks via a needle subcutaneous (SQ) delivery method continuing
immunotherapy treatment cvery three months until removed from study for any recason including death.
Summary

[00371] The cDNA sequence containing the modified CEA with the CAP1(6D) mutation was produced.
Clinical grade Ad5 [El-, E2b-]-CEA(6D) was constructed and manufactured using the E.C7 cell line. A
total of 34 patients (32 colorectal cancer patients, one bladder cancer patient, and one lung cancer patient)
were entered into the Phase I/II clinical study under IND14325. The majority received all three scheduled
immunotherapy treatments with Ad5 [E1-, E2b-]-CEA(6D). Five patients who stopped immunotherapy
early did so due to significant disease progression. RECIST 1.0 criteria using CT or MRI scans obtained
at baseline and after treatments were completed. Toxicity was assessed according to the National Cancer
Institute Common Terminology Criteria for Adverse Events (CTCAE) version 4.0. Peripheral blood CEA
levels, hematology, serum chemistries, and anti-nuclear antibody titers were compared between baseline
and 9 weeks tollowing the initiation of immunotherapy. Survival was measured from the day of the first
immunization until death from any cause.

[00372] A total of 94 treatments were administered to patients. No dose limiting toxicity or serious
adverse events (SAE) that resulted in treatment discontinuation at any treatment dose level. There was

only one significant change in a blood hematology value. As a group, the basophil count was
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significantly lower at week 9, three weeks after treatment ended. However, this value remained in the
normal range for basophil counts and, overall, there appeared to be no significant biological effect. With
a median follow-up of 7.4 months, all 34 patients as a group (cohorts 1, 2, 3/phase II, and cohort 5)
experienced a 12-month survival proportion of 41.4%. Of the 34 patients entered into the study, 28
patients received the three immunotherapy treatments and experienced a 12-month survival proportion of
55%. For the colorectal adenocarcinoma patients, 27 patients received the three immunotherapy
treatments and experienced a [2-month survival proportion of 53%. A dose response to increasing levels
of AdS [E1-, E2b-]-CEA(6D) was observed with the highest cell-mediated immune (CMI) responses
occurring in patients that received the highest dose of 5x10"M VP of Ad5 [E1-, E2b-]-CEA(6D). When the
highest CEA specific CMI responses were compared with pre-existing or vector induced Ad5 NAb
activity, there was no correlation between levels of CEA specific CMI and Ad5 neutralizing antibody
(NADb) level. These clinical trial data lead us to believe that there is sufficient data to advance to a
randomized Phase III trial for the treatment of metastatic colorectal adenocarcinoma with overall survival
as the clinical endpoint.

Protocol schema and patient treatment.

[00373] The clinical study was performed under an FDA-approved Investigational New Drug
Exemmption and registered at ClinicalTrials.gov. Participants were recruited from medical oncology
clinics at Duke University Medical Center (NC) and Medical Oncology Associates (WA). Patients
provided informed consent approved by the respective Institutional Review Boards (IRB). Eligibility
requirements included metastatic cancer expressing CEA and adequate hematologic, renal, and hepatic
function. Trial participants were required to have received treatment with standard therapy known to have
a possible overall survival benefit or refused such therapy. Exclusion criteria included chemotherapy or
radiation within the prior 4 weeks, history of autoimmune disease, viral hepatitis, HIV, or use of
immunosuppressive agents. Patients who had been receiving bevacizumab or cetuximab for at least 3
months prior to enrollment were permitted to continue receiving these antibodies. Prior CEA
immunotherapy was permitted. The study employed a standard 3 + 3 dose escalation strategy with dose
limiting toxicities (DLT) defined as grade 3 or 4 major organ toxicity. The Ad5 [El-, E2b-]-CEA(6D)
doses were delivered to patients as follows: cohort 1: dose of 1x10° VP in 0.5 mL subcutaneously (SQ) in
the same thigh every 3 weeks for 3 immunizations.; cohort 2: dose of 1X10'° VP in 0.5 mL SQ every 3
weeks for 3 treatments; cohort 3: dose of 1x10'" in 0.5 mL SQ every 3 weeks for 3 treatments. Following
establishment of the dose of 1x10"" VP as safe, an additional 12 patients received Ads [El-, E2b-]-
CEA(6D) at this dosc and schedule (phase I cohort). After completing the phase II cohort, an additional
cohort (cohort 5) of six (6) patients received a dose of 5x10" VP in 2.5 mL SQ every 3 weeks for 3
treatments to determine safety of the highest achievable dose. PMBC were collected from patients just

prior to the immunizations at weeks 0, 3, 6, and three weeks following the last treatment. The PBMC
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were frozen in liquid nitrogen until ELISpot assays were performed. In cohort 5, fresh PBMC were
analyzed in preliminary flow cytometry assays for polyfunctional CD8+ T lymphocytes.

Assessment of clinical activity.

[00374] Clinical activity was assessed according to Response Evaluation Criteria in Solid Tumors
(RECIST 1.0 criteria) using computed tomography (CT) or magnetic resonance imaging (MRI) scans
obtained at baseline and after treatments were completed. Toxicity was assessed according to the
National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) version 4.
Peripheral blood CEA levels, hematology, serum chemistries, and anti-nuclear antibody titers were
compared at baseline and 3 weeks following the final treatment. Survival was measured from the day of
the first immunization until death from any cause

Analysis of CMI responses by ELISpot Assay.

[00375] An ELISpot assay for IFN-y secreting lymphocytes was performed. Briefly, isolated PBMCs
(2x10° cells/well) from individual patient samples were incubated 36-40 h with a CEA peptide pool
(15mers with 11aa overlap covering full length CEA with the 6D modification; 0.1 ug/well) to stimulate
IFN-y producing T-cells. CMI responses to AdS were determined after exposure of patient PBMC to
Ad5-null (empty vector). Cells stimulated with concanavalin A (Con A) at a concentration of 0.25
pg/well served as positive controls. Colored spot-forming cells (SFC) were counted using an Immunospot
ELISpot plate reader and responses were considered to be positive if 50 SFC were detected/10° cells after
subtraction of the negative control and SFC were >2-fold higher than those in the negative control wells
Determination of AdS neutralizing antibody (NAb) titers.

[00376] Endpoint Ad5 NAD titers were determined. Briefly, dilutions of heat inactivated test sera in 100
uL of DMEM containing 10% fetal calf serum were mixed with 4x10’ VP of Ad5 [E1-]-null and
incubated for 60 minutes at room temperature. The samples were added to microwells containing
HEK293 cells cultured in DMEM containing 10% heat inactivated calf serum at 2x10° cells/well for 24
hours at 37° C in 5% CO;. The mixture was incubated for an additional 72 hours at 37 °C in 5% CO,. An
MTS tetrazolium bioreduction assay was used to measure cell killing and endpoint Ad5 NAD titers.
Endpoint titers with a value less than 1:25 were assigned a value of 0.

Statistics.

[00377] Statistical analyses comparing immune responses were performed employing the Mann-
Whitney test (PRISM, Graph Pad). Survival comparisons were performed employing Kaplan-Meier plots
(PRISM, Graph Pad). Ad5 NAD titer and CEA-specific CMI were analyzed as continuous variables. The
association of Ad5 NAD titer with change in CEA-specific CMI was tested with the Spearman correlation
coefficient. The association of Ad5 NAD titer with survival was tested with the Wald test of the

proportional hazards model. All tests used a 2-sided o of 0.05.
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Demographics: All Patients.

[00378] Thirty two patients with metastatic colorectal cancer, one with lung cancer and one with
bladder cancer, median age 58 (range 38-77), who had failed a median of three prior chemotherapeutic
regimens (range: 2—>5), had a median performance status of 90% (range 70%-100%), and had a median
of three sites of metastatic disease (range 1-5), were enrolled (Table 2). The majority of patients were
able to receive all three immunizations. Five patients who stopped immunizations prior to completion of
all three treatments did so due to significant discase progression. Patient demographics are shown in
Table 3.

TABLE 3
Patient Dose # prior Mets “"Status | Survival | base-
C(I)]g(/)rt (VP) Dx |Age | Sex |KPS CTx | (4 sites) i doses afier ix (Mos) line CEA Week 9
002/1 10° |Ccl67 | M | 70 >3 4 3 PD 3() 98.8 867.4
003/1 100 [R |63 | M 100 5 2 3 PD 9(-) 195.1 472.2
004/1 10° [ 53] F [100 2 3 3 PD 11(-) | 654 196.8
3.7 (7 month
005/2 10° |C |60 | M | 100 3 3 3 SD 12(t) | 25 follow-
up)
007/2 10° Jc {521 M 80 2 5 1 PD 1(-) 120.7 | Not Done
008/2 w"° Jc a2 ] F 100 3 3 3 PD 12(+) 3.0 3.1
010/2 107 [C {58 | M 90 3 3 3 PD 12 () 7.1 5.8
011/3 10" R {50 | M [ 100 5 1 3 PD 12(H) |[21.0 25.9
012/3 10" Jc 148 | M [100 1 2 3 PD 12 () 5.8 18.4
013/3 10" R 162 M [100 3 2 2 PD 4(-) 172.9 | Not Done
500/3 107 Jc {55 T M 80 4 3 3 PD 12 () 3.2 11.5
U15/3 W JC {8 | F 80 3 4 3 PL 10 (-) 2.0 2.4
016/3 10" Jc |53 | F 100 3 4 3 PD 6(-) 6.1 12.7
017/3% 10" [RIs2]F 90 3 2 3 PD 3() [204.8 | NotDone
501/11 10" R {54 | M 90 1 1 3 PD 12(0) | 17.1 96.4
502/11 10" |c 166 | F 80 1 2 2 PD 3() [2549.5 | Not Done
503/T1 10" RI{73 | M 70 4 5 1 PD 0.25 (-) Not Not Done
Done
019/11 10" [cJeo | M | 90 1 3 3 PD 12(+) [2643 638.0
020/ 107 JC {59 | M ]100 5 4 3 SD 12 (1) 20 22
oyar [ 10" Je ist [ F 100 4 3 3 PD 12 () 2.0 2.7
506/11 1" ¢z | F 80 2 2 3 PD 3() 16.35 382
023/11 10" [C |51 | F [100 3 4 3 PD 4() 324 211.4
504/11 10" |C |57 | M 90 3 3 3 PD 12(+) |4247 2073.6
507/11 10" R [s8 [ M [ 9 2 2 3 PD 12(+) | <05 0.6
508/11 10" | {67 | M | 100 2 0 3 [Unknown | 12(+) [109.2 | Not Done
024/11 10! [Cc {67 | M 90 2 3 3 PD 12 (+) 7.8 6.4
025/11 10" [cle2 T F J100 2 4 3 PD 7(¢) 3912 | NotDone
et | 106" |c |53 | M| 100 3 2 2 PD 4() |dos7.5 | 78391 (treal-
ment #2)
030/5 [5x10" [Cc {38 | M [ 90 4 3 3 PD 8 () 9.2 18.7
031/5 [5x10" R [72 | F 90 4 2 3 SD 7(H) 3.9 5.6
032/5@ |5x10"" [R |53 | M 90 4 3 3 PD 6(-) 31.9 75.4
033/5@ |5x10" [R |48 | F 90 >3 2 3 PD 5(-) 213 21.1
034/5 [5x10" [C |62 | M [ 100 5 4 3 PD 6 () 1.9 2.4
035/5 |[5x10™ [C |60 | F 90 3 5 2 PD 2(-) 9.5 Not Done
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Dx = diagnosis (Bl=bladder cancer; C= colon cancer; L= lung cancer; R= rectal cancer) KPS=Kamofsky
Performance Status *concurrent cetuximab; “concurrent bevacizumab; (@ concurrent panitumumab

++ Represents disease status at 9 weeks post-initiation of immunizations

PD = Progressive Disease; SD = Stable Disease

(+) Alive; (-) Dead at last follow-up; survival rounded off to nearest month

Demographics: Colorectal Adenocarcinoma Patients

[00379] Thirty two patients, median age 57.5 (range 38-77) with metastatic colorectal cancer, who had
failed a median of three prior chemotherapeutic regimens (range: 2—>5), had a median performance status
of 90% (range 70%-100%), and had a median of three sites of metastatic disease (range 1-5), were
enrolled (Table 2). The majority was able to receive all three immunizations. Four patients who stopped
immunizations early did so due to significant disease progression. The colorectal adenocarcinoma patient
demographic compares favorably with previously published studies of patients with chemotherapy-
refractory colorectal cancer.

Adverse Effects

[00380] A total of 94 immunization treatments were administered to all patients. There was no dose
limiting toxicity and no scrious adverse events that resulted in treatment discontinuation at any vaccine
dose level. The most common toxicity (Table 3) was a self-limited, injection site reaction. Other reactions
that occurred at a low frequency include fever, flu-like symptoms, anorexia, chills, nausea, and headache.
These symptoms were also self-limiting and did not require intervention other than symptomatic
measures such as acetaminophen.

Summary of Hematology, Chemistry, and ANA values pre and post treatment

[00381] Biological effects of AdS [E1-, E2b-]-CEA(6D) injections were monitored by recording blood
hematology, chemistry, and anti-nuclear antibody (ANA) values of individual patients in case record
forms (CRFs). Of 34 total patients entered into the trial, 28 received all three treatments with Ad5 [El-,
E2b-]-CEA(6D). For the 28 patients which received all three treatments, the blood hematology,
chemistry, and ANA values at week 0 (prior to first treatment) were compared with those obtained at
week 9 (three weeks after the third treatment). As shown in Table 4 below, there were no significant
changes in chemistry or ANA values after treatments with Ad5 [El-, E2b-]-CEA(6D). There was only
one significant change in the blood hematology values. The basophil count was significantly (P=0.0403)
lower at week 9 after treatments. However, this value remained in the normal range for basophil counts
and overall there were no significant biological effects.

Clinical Outcomes

[00382] CEA levels at baseline and week 9 were assessed in patients. Among those with CEA levels
available at baseline and follow-up, three (patients 010, 020, and 024) had no increase in CEA levels at

the end of the immunization period while the remaining patients showed increased CEA levels. There
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were three patients with stable disease who remained so during the 9 week study period. All other
patients experienced some level of progressive disease (Table 2). Of the seven patients in cohorts | and 2,
there were five deaths and two patients remained alive at 12 months following the initiation of
immunization. Of the 21 patients in cohort 3 and phase II, there were 10 deaths and all the remaining 11
patients were alive at 12 months, respectively. Of the six patients in cohort 5, there were three deaths and
three patients were alive at 6, 7, and 8 months, respectively.

[00383] Of the 34 patients enrolled into the study, two patients received one treatment, four patients
received two immunization treatments, and the remaining 28 patients received all three immunization
treatments. All patients were followed for survival and Kaplan-Meier plots and survival proportions
performed (PRISM software). Patient deaths were determined by information gathered from the social
security death index (SSDI) database and clinical charts.

[00384] The seven patients in cohorts 1 and 2 experienced a 12-month survival proportion of 29%
(Figure 12A). Of the patients in cohorts 1 and 2, patient 004 survived 11 months and received additional
post-immunization treatments with bevacizumab, folfox, and xeloda. Patient 003 survived nine months
and received irradiation treatment after Ad5 [E1-, E2b-]-CEA(6D)immunizations. Patient 005, alive at
12+ months, received irradiation trcatment and entered another clinical trial after immunizations. Patient
010 survived up to 12 months and entered two clinical trials after immunizations. Patients 002, 007, and
008 received no further treatments after immunizations and survived 3, 1, and 12+ months, respectively.
[00385] The 21 patients in cohort 3 and phase II experienced a 12-month survival proportion of 48%
(FIG. 12B). Of the patients in cohort 3 and phase II, one patient (017) received concurrent cetuximab
during immunizations. Patients 020 and 021 received concurrent bevacizumab during immunizations.
Patient 011 surviving over 12 months received radiation treatment after Ad5 [E1-, E2b-]-CEA(6D)
immunizations. Patients 012 and 016 survived over 12 months and 6 months, respectively, and received
additional chemotherapy treatment after immunizations. Patient 013 survived 4 months and received
treatment with nexavar after immunizations. Patient 0135 survived 10 months and received follow-on
treatment with cetuximab. Patient 019 survived over 12 months and received treatment with bevacizumab
and xeliri after protocol immunizations. Patient 020 survived over 12 months and received treatment with
bevacizumab after immunizations. Patient 021 survived over 12 months and received follow-on treatment
with bevacizumab and xeloda. Patient 500 survived over 12 months and received treatment with
cetuximab and xeloda and entered a clinical trial after immunizations. Patient 501 survived over 12
months and received treatment with cetuximab and irinotecan after AdS [E1-, E2b-]-CEA(6D)
immunizations. Patient 508 has survived over 12 months; however, further data on the characteristics of
this patient was unable to be obtained. Patients 017, 023, 024, 023, 026, 502, 504, 506, and 507 received
no further treatment after immunizations and survived 3, 4, 12+, 7, 4, 3, 12+, 3, and 12+ months,

respectively (+ means still alive at the time of writing).
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[00386] The six patients in cohort 5 experienced a 12-month survival proportion of 50% (FIG. 12C). Of
the patients in this cohort, one patient (030) is currently alive at 8 months and received treatment with
pazopanib and threshold 302 chemotherapy after Ad5 [E1-, E2b-]-CEA(6D) immunizations. Patient 031
is currently alive at 7 months and has not received further treatment after immunizations. Patient 032
received concurrent panitumumab, survived 6 months, and received treatment with folfox after
immunizations. Patient 033 received concurrent panitumumab, survived 5 months with no additional
therapy after immunizations. Patient 034 is currently alive at 6+ months and received radiation and
treatment with xeloda after immunizations. Patient 035 received two treatments and survived 2 months.
[00387] With a median survival of 7.4 months, all 34 patients as a group (cohorts 1, 2, 3/phase I, and
cohort 5) experienced a 12-month survival proportion of 41% (FIG. 12D). Of the 34 patients entered in
to the study, 28 patients received the three immunization treatments and experienced a 12-month survival
proportion of 55% (FIG. 13A) with a median survival of 10.625 months. For the colorectal
adenocarcinoma patients, 27 patients received the three immunization treatments and experienced a 12-
month survival proportion of 53% (FIG. 13B) with a median survival of 10.00 months.

Evaluation of immune parameters in treated metastatic colorectal cancer patients

[00388] A secondary objective was to evaluate CEA specific immune responses following
immunization treatments with the product.

[00389] Dendritic cells were generated from the peripheral blood mononuclear cells (PBMCs) of a
prostate cancer patient (HLA-A2" and -A24") enrolled in a clinical trial employing a PSA-TRICOM
vaccine in combination with ipilimumab; using PBMCs from this patient post-vaccination, individual T-
cell lines specific for CEA, MUCI, and brachyury were unable to be established. Briefly, PBMCs were
isolated using lymphocyte separation medium gradient, resuspended in AIM-V medium (2x10 cells) and
allowed to adhere in a 6-well plate for 2 hours. Adherent cells were cultured for 5 days in AIM-V
medium containing 100ng/ml of recombinant human (rh) GM-CSF and 20ng/ml of rhIL-4. The culture
medium was replenished every 3 days.

[00390] As determined by ELISA, no antibody activity directed against CEA was observed. CMI
responses in colorectal cancer patients treated in cohort 1, cohort 2, cohort 3/Phase II, and cohort 5 were
assessed. PBMCs were isolated prior to Ad5 [El-, E2b-]-CEA(6D) treatment and after all treatments as
well as three weeks following the last treatment from patients. CEA specific ELISpot assays were
performed on PBMCs to determine the numbers of interferon y (IFN-y) secreting lymphocytes after
exposure to CEA peptides in vitro. The highest CMI responses during immunizations were determined,
regardless of time point (weeks 3, 6, or 9) in the patients treated in cohort 1, cohort 2, cohort 3/Phase II,
and cohort 5. This analysis revealed a dose response to increasing levels of product. The highest CMI

levels occurred in patients that received the highest dose of 5x10'! VP (Cohort 5) (FIG. 14).
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Determination of Induced CMI Responses to CEA.
[00391] ELISpot analysis was performed on cryopreserved PBMC samples drawn before each

immunization and after completion of the final immunization to assess CEA-specific CMI responses. A
dose response effect with the highest magnitude CEA-specific CMI responses occurring in patients who
received the highest dose of Ad5 [El-, E2b-]-CEA(6D) was observed(FIG. 14). Of the doses received,
0/3 (0%) patients in cohort 1 exhibited positive CEA-directed CMI responses, 1/4 (25%) patients in
cohort 2 exhibited positive CEA-directed CMI responses, 10/19 (53%) patients in cohort 3/phase 11
exhibited positive CEA-directed CMI responses, and 4/6 (67%) patients in cohort 5 exhibited positive
CEA-directed CMI responses. The time course of induction of CEA-specific CMI (Figure 15)
demonstrated that there may be plateau in the magnitude of CEA CMI prior to the last dose. In the largest
group of patients who received the same dose (cohort 3 plus phase II), a significant increase over baseline
in the average CEA-directed CMI responses at the 6 week evaluation (P<0.05, Mann-Whitney test) was
observed, averaging 94 SFC/106 PBMC, which increased further by the 9 week evaluation (FIG. 15).
One patient (patient ID 13) had a highly elevated baseline CEA-specific immune response (1100 SFC)
and had elevated CMI at week six (2305 SFC) but did not return for 9-week evaluation and was not
included in CEA CMI analysis.

[00392] Ad5 NAb and CMI against Ad5 was also measured and correlated with CEA-specific CML.
Each patient had their serum and PBMC sample tested at baseline (prior to treatment) and at 9 weeks
after completion of 3 treatments. Nineteen of 31 colorectal cancer patients (61%) tested in this study had
AdS5 neutralizing activity in serum samples prior to the onset of treatment with Ad5 [EL-, E2b-]-
CEA(6D). The mean pre-treatment Ad3 NAD titer value obtained among all patients was 1:189 +1:71
SEM (geometric mean 1:21) and the mean pre-treatment Ad5 NAD titer among seropositive patients was
1:308 £ 1:108 (geometric mean 1:146). Analysis of serum samples from patients who received 3
immunizations revealed AdS NAD titers that were significantly increased (P<0.0001, Mann-Whitney test)
by week 9 (mean 1:4767 £ 1:1225 SEM (geometric mean 1:1541) when compared with their respective
baseline values (FIG. 16). Analysis of PBMC for CMI responses to Ad5 also revealed a significant
increase (P<<0.01, Mann-Whitney test) in AdS directed CMI responses after immunizations with Ad5
[El-, E2b-]-CEA(6D) (FIG. 16).

[00393] Comparison of week 9 CEA-directed CMI responses from patients with low baseline pre-
cxisting AdS immunity (AdS NAb >200) verses those with high baseline AdS immunity (AdS NAb>200)
revealed no significant difference in immune responses (P>0.4, Mann Whitney test) (FIG. 17). Further,
when the highest CEA specific CMI responses were compared with pre-existing or vector induced Ad>
NAD activity, there was no correlation between levels of CEA CMI and Ad3 NAb activity (FIG. 17).
These data indicate that immunizations with Ad5 [El-, E2b-]-CEA(6D) were not only able to overcome

self-tolerance, but were also able to induce CEA-specific immune responses in colorectal cancer patients
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despite the presence of pre-existing and/or immunization induced AdS immunity. Together these clinical
trial data support the advancement to a Phase III clinical trial with overall survival as the primary
endpoint.

Adverse Effects. Hematology. Chemistry, and ANA values

[00394] In this Phase I/II trial, the Ad5 [E1-, E2b-]-CEA(6D) was demonstrated to be suitable to be

manufactured to scale, as well be easily and repeatedly administered by conventional subcutaneous

injection techniques. The most common adverse effects were site of injection reactions and flu-like
symptoms consisting of fever, chills, headache, and nausea. There was no impact on blood hematology or
serum chemistries and, overall, the treatments were well tolerated. Specifically, no SAE were noted, and
no treatments were stopped due to adverse events, indicating that a dose limitation to use of Ad5 [E1-,
E2b-]-CEA(6D) in this clinical application had not been met.

[00395] These data suggest that patients with advanced colorectal cancer which are treated with Ad5
[El-, E2b-]-CEA(6D) do not have serious adverse effects and may experience extension of life even if
they have pre-existing immunity to Ad5. The results of this trial were encouraging enough te advance to
a large, randomized, single agent trial. The observation that some of the patients experienced an increase
of CMI which is dose dependent, indicates that this may play a role in their clinical outcome.

Table 4. Adverse Events

Adverse # Unrelated/ Possible Probably/ “Grade %
Events Events | Unlikely Definite Incidence
Injection Site 21 21 Gl (19): G2 (2) 22.3
Reaction
Pain (all types) 17 17 G1(8);, G2 (7); G3 18.1
@)
Fever 10 4 2 4 Gl (7); G2 (3) 10.6
Flu-like symptoms 10 3 5 2 Gl (9); G2 (1) 10.6
Fatigue 8 6 2 G1(5); G2 (2); G3 8.5
(1
Shortness of Breath 6 6 Gl (3); G2 (3) 6.4
Anorexia 5 4 1 Gl (3); G2 (2) 53
Chills 5 1 1 3 Gl (5) 5.3
Nausea 5 4 1 Gl (5) 53
Constipation 5 5 G1 (3); G2 (2) 53
Edema 5 5 Gl (3); G2 (2) 5.3
Vomiting 4 4 G1 (4) 43
Hypertension 3 3 Gl (2); G2 (1) 32
Anemia 3 3 G1(1); G2 (1); G3 32
M
Cough 2 2 G1(2) 2.1
Depression 2 2 Gl (2) 2.1
Diarrhea 2 2 Gl (2) 2.1
Headache 2 1 1 GI1 (2) 2.1
Hypoalbuminemia 2 2 G1 (1); G2 (1) 2.1
Hypokalemia 2 2 Gl (1); G2 (1) 2.1
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Adverse # Unrelated/ . Probably/ . s
Events Events | Unlikely Fositle Deﬁnitz Tade Incidence
Pleural Effusion 2 2 G2 (1); G3 (1) 2.1
Alkaline 2 2 Gl (1); G3 (1) 2.1
Phosphatase
Increase
Myalgia 2 2 Gl (2) 2.1
Night Sweats 2 2 Gl (1); G2 (D) 2.1
Sleep 2 2 Gl (2) 2.1
Low Magnesium 2 2 Gl (2) 2.1
Abdominal 1 1 GIL (1) 1.1
Bloating
Abdominal 1 1 G3 (1) 1.1
Distention
Abdominal 1 | G2 (1) 1.1
Swelling
Abdominal Wound 1 1 G2 (1) 1.1
ALT Incrcasc 1 1 Gl (D 1.1
AST Increase 1 | G2 (1) 1.1
Biliary Obstruction 1 1 G3 (1) 1.1
Bowel Obstruction 1 | G3 (1) 1.1
Cold 1 1 G1 (1) 1.1
Dyspnea 1 1 G3 (1) 1.1
Dysuria 1 l G1 (1) 1.1
Frequent Urination 1 1 G1 (1) 1.1
GI Disorder 1 1 G3 (1) 1.1
Extra Pyramidial 1 l G1 (1) 1.1
Movements
Insomnia 1 1 Gl () 1.1
Herpes Simplex 1 1 GI (1) 1.1
Hypotension 1 1 GI (1) 1.1
Loss of Appetite 1 1 G1 (1) 1.1
Low White Blood 1 | Gl (1) 1.1
Cells
Numbness/Sensatio 1 1 G1 (1) 1.1
n in Fingertips
Onset of Menses 1 1 Gl (1) 1.1
Poor Quality Sleep 1 | Gl (1) 1.1
Presyncope 1 1 G2 (1) 1.1
Pruritis 1 1 G1 (1) 1.1
Rash-Right Lower 1 | G1 (1) 1.1
Eye Lid
Red/Swelling Right 1 l G1 (1) 1.1
Upper Eyelid
Renal Calculi 1 1 G2 (1) 1.1
Runny Nose 1 1 Gl (1) 1.1
Shallow Breathing 1 1 G1 (1) 1.1
Skin Rash 1 1 Gl () 1.1
Vaginal Discharge 1 l Gl () 1.1
Concentration 1 Gl () 1.1
Weight Loss 1 1 G2 (1) 1.1
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Adverse # Unrelated/ : Probably/ e 0D

Events Events | Unlikely Fositle Definite Tade Incidence
Arthritis Joint 1 1 G1 (D) 1.1
Inflammation
Flushing 1 1 G1 (D) 1.1
Acute Renal Failure | Disease G3 (1) 1.1

pro-
gressio
n

* Parenthesis ( ) indicates numbers of events.
**Based on 94treatments
TABLE 5. Hematology, Chemistry, and ANA values

Week 0 value

Week 9 value

Hematology Test {Mean + SEM) {Mean + SEM)

Hgb (g/dL) 13.09 £ 0.313 12.48 £ 0413
Hct (%) 39.63 £ 0.875 37.92 +1.140
Plts (x109 /L) 225.1 £20.76 247.3 +23.57
WBC (x103 /mm3) 6.81+0.532 8.21 £0.741
Neutrophils (%) 64.46 £ 2.068 67.28 £ 3.268
Lymphocytes (%) 23.23 £ 1.874 18.34+2.071
Monocytes (%o) 8.86 £0.462 7.68 + 0.569
Eosinophils (%) 3.97+0.677 3.16 + 0.685
Basophils (%) 0.52 4+ 0.056 0.38 + 0.048
Chemistry Test Week 0 value Week 9 value

(Mean £ SEM) {(Mean = SEM)

Na (mEq/L) 139.2 +0.424 137.9+0.718
K (mEq/L) 3.90 + 0.085 3.80 £ 0.073
Cl (mEg/L) 105.0 + 0.561 103.3+1.061
CO2 (mEq/L) 27.8+0374 27.63 + 0458
BUN (mg/dL) 17.0+1.136 17.1 £ 1.611
Creatinine (mg/dL) 0.81 £ 0.046 0.86 + 0.054
Glucose (mg/dL) 121.8 +7.458 123.5 + 7.885
Ca (mg/dL) 8.84 £ 0.075 8.87 £0.073
Total protein (g/dL) 6.95+0.078 6.67 = 0.100
Albumin (g/dL) 3.78 £ 0.085 3.62+0.113
AST (U/L) 31.71 £ 3.846 31.88 +3.506
ALT (U/L) 27.83 £4.228 25.67+3.414
Alkaline phosphatase (U/L) 107.0+13.30 124.0 £ 17.40
Bilirubin (img/dL) 0.78 £0.071 0.75 £ 0.079
Week 0 value Week 9 value

TANA Test (Mean + SEM) (Mean + SEM)

Titer 103.3 +51.04 123.3 + 50.56

*Values represent inverse of the titer and are from patients with positive values.

Discussion

[00396] Adenoviral vectors have significant potential for use as cancer therapeutic vaccines because of

their propensity to induce robust adaptive immune responses specifically against transgene products in

general, However, recombinant first generation Ad5 [E1-] vectors used in homologous prime/boost

regimens have been greatly limited in their potential efficacy due to the presence of pre-existing Ad5
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immunity as well as vector induced immumity. Specifically, Ad5-directed immunity mitigates immune
responses to TAA that have been incorporated into earlier generation AdS [E1-] based platforms. The
AdS5 [El-, E2b-] platform utilized in the present study was intended to accommodate a homologous
prime-boost regimen, by avoiding presentation of antigens that are the targets of pre-existing AdS
immunity. Since CEA has been identified as one of the priority cancer antigens by the National Cancer
Institute, this TAA was investigated as a transgene to be incorporated into the new Ad5 [E1-, E2b-]
vector platform for use as a cancer therapeutic vaccine. CEA expression in adults is normally limited to
low levels in the gastrointestinal epithelium, whereas, CEA is over-expressed in adenocarcinomas of the
colon and rectum and in many breast, lung, and pancreas cancers. The HLA A2 restricted CAP1(6D)
modification of CEA was chosen because compared with the wild type CAP1 epitope, CAP1(6D) can
enhance the sensitization of CTLs and has been included in recent CEA-based vaccine constructs.
Although HLA type was not tested for because a full length CEA was used that is not HLA-restricted,
A*0201 is the allele observed most frequently in Caucasians (allele frequency 0.2717) and is common in
other populations. However, itis possible to test patients for HLA type and utilize the relationship
between HLA type and clinical and/or CMI responses.

[00397] Multiple subcutancous immunizations cmploying three administrations of a single dose level
(1x10""VP) of this class of Ad5 vaccine expressing the TAA CEA, (Ad5 [El-, E2b-]-CEA(6D)) were
tested in a pre-clinical murine model of CEA expressing cancer. In mice with pre-existing Ad5 immunity,
the induction of potent CEA directed CMI responses were demonstrated that resulted in anti-tumor
activity and noted that these CMI and anti-tumor responses were significantly greater than those
responses induced by a current generation Ad5 [E1-] based vector vaccine. In additional animal models
(both cancer and infectious disease targeted) it was demonstrated that multiple subcutaneous
immunizations with vaccines based on the new Ad5 [E1-, E2b-] platform induce CMI responses that
were superior to those of current generation Ad5 [E1-] based vaccines, can overcome the barrier of Ad5
immunity, and can be utilized in multiple immunization regimens requiring a gencration of robust CMI
responses. The greatest magnitude of CEA-directed CMI responses occurred in patients receiving the
highest dose of the vector. A CEA-directed CMI response was induced in a dose-responsive manner
despite the presence of pre-existing and/or vector induced Ad5 immunity. No CEA directed antibody
responses were observed either pre- or post-vaccination employing an ELISA technique. A population of
polyfunctional CD8+ T-cells (those that secrete more than one cytokine when activated) after
immunizations were also observed, a sign of greater functionality of T-cells induced by the vaccine.
These data support the use of the AdS [El , E2b-]-CEA(6D) vector in homologous prime-boost regimens
designed to induce and increase CEA-directed CMI responses in patients with advanced colorectal

adenocarcinoma, as well as any number of other vaccine amenable diseases or applications.
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[00398] As compared to earlier generation AdS [E1-] vectors containing deletion in the early 1 (E1)
gene region, the AdS [El-, E2b-] vector platform with additional deletions in the early 2b (E2b) gene
region exhibits significantly reduced inflammatory responses directed at the vector. This can result in
longer transgene expression and a reduction in elimination of transgene expressing cells (e.g., antigen
presenting cells) that would otherwise occur due to induced inflammatory responses. Since Ad5 late gene
antigen expression is significantly reduced as compared to earlier generation Ad5 platforms, this could
enable the Ad5 [El-, E2b-] platform to evade Ad5 immune mediated neutralizing activity for
significantly longer periods of time resulting in greater longevity and amplification of TAA expression.
In addition, an E2b gene product, a polymerase, is a target of human cellular memory immune responses
to Ad5 infection and its elimination from the vaceine could be furthering its capability in the setting of
pre-existing Ad5 immunity. Without being bound by theory, the extended and/or greater expression of
TAA by the vector in this milieu could result in a more effective immune response against the target
antigen. However, it is also possible that this vector configuration produces better transgene expression,
different biodistribution, or different innate/adaptive immune effects that impact the effectiveness of this
vector, rather than escape from pre-existing immunity.

[00399] Of interest is the observation that treated patients in this study exhibited favorable survival
probability. Overall, all 25 patients treated at least 2 times with Ad5 [E1-, E2b-]-CEA(6D) exhibited a 12
-month survival probability of 48% and this was achieved despite the presence of significant levels of
pre-existing Ad5 neutralizing antibody titers. Without being bound by theory, by engaging the patient’s
immune system, active immunotherapeutics, such as AdS [El-, E2b-]-CEA(6D), could induce continuous
immunologic anti-tumor responses over a long period of time that could result in a “deceleration” or
alteration in specific aspects of the rapid growth rate or spread of the tumor not measured by standard
response assessments. Indeed, slower tumor progression in AdS5 immune mice harboring established
CEA-expressing tumors following treatment with Ad5 [El-, E2b-]-CEA(6D) were observed. Moreover,
it has been noted that overall survival might be the only true parameter for determination of clinical
efficacy of any potential cancer (immune) therapy.

EXAMPLE 5: Clinical study of CEA (6D) immunotherapeutic in metastatic colovectal cancer

[00400] Phase I/II clinical trial in mCRC using Ad5 [El-, E2b-]-CEA(6D): The objectives of this first in
man phase I/I dosing trial were to assess safety, evaluate CEA-specific immune responses in mCRC
patients, and obtain data on overall survival. The trial was performed under FDA-approved IND14325
and registered at ClinicalTrials.gov (NCT01147965). The Ad5 [El-, E2b-]-CEA(6D) doses were
administered subcutancous (s¢) every 3 wecks for 3 treatments as follows: Cohort 1 (3 patients) received
10° VP each treatment; Cohort 2 (3 patients) received 10' VP; Cohorts 3/4 (21 patients) received 10"
VP; and Cohort 5 (5 patients) received 5x10'" VP.
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Patient Demographics:

[00401] Thirty-two mCRC patients with CEA expressing cancers were enrolled into the study. The 32
mCRC patients enrolled had a median age 57.5 (range 38-77), had failed a median of three prior
chemotherapeutic regimens (range: 2-5), had a median performance status of 90% (range 70%-100%),
and had a median of three sites of metastatic disease (range 1-3). The majority of patients received all
three immunizations. Patients who stopped immunizations early did so due to significant disease
progression. The mCRC demographics compared favorably with previously published studies with
chemotherapy-refractory mCRC.

Adverse Effects:

[00402] There were no dose-limiting toxicities and no serious adverse events that resulted in treatment
discontinuation at any dose level. The most common toxicity was a self-limited, injection site reaction.
The blood hematology, chemistry, and anti-nuclear antibody (ANA) values at week 0 (before the first
treatment) were compared with those obtained at week 9. There were no biologically relevant changes in
chemistry, hematology, or ANA values.

Clinical Outcomes:

[00403] Patients were washed out from anti-cancer treatments for 30 days prior to immunotherapy. Both
Kras wild type and mutated patients were enrolled.

[00404] The mCRC patients were followed for long-term survival and Kaplan-Meier survival plots
performed (PRISM software). Events were determined from the social security death index database and
clinical charts. Median overall survival was || months and overall survival was 30% at 18 months and
20% at 29 months (FIG. 18).

Immune Responses:

[00405] A secondary objective was to evaluate CEA-specific immune responses during immunotherapy.
Again, since the mCRC patients represented the highest number of patients treated, immunogenicity
studics were performed on them. As determined by ELISA there was no detectable antibody activity
directed against CEA in serum samples.

[00406] CMlresponses of mCRC patients treated in all cohorts were assessed. Peripheral blood
mononuclear cells (PBMC) were isolated from patients before and after each immunotherapy treatment,
as well as three weeks after the last treatment. CEA-specific ELISpot assays were performed on PBMC
as previously described to determine the number of IFN-y-secreting cells (SFC) after exposure to CEA
peptides. The highest CMI responses during immunizations, regardless of time point (weeks 3, 6, or 9)
were determined. This analysis revealed a dose-response relationship with increasing levels of vaccine
(FIG. 19); the highest CMI levels occurred in patients who received the highest dose of 5x10'' VP

(Cohort 5) and the responses were observed despite the presence of pre-existing Ad5 immunity in a
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majority (61%) of patients. Analysis of serial PBMC samples over time indicated that CEA directed CMI
responses were induced and increased over the course of 3 immunizations (FIG. 20).

[00407] Briefly, CMI (IFN-y secretion) was assessed at baseline (Pre) and after administrations of AdS
[E1l-, E2b-]-CEA(6D) (Post). The highest CMI responses (regardless of time point) observed in the
patients after treatment revealed a dose response. The highest CMI levels occurred in patients receiving
the highest dose (Cohort 5) and was significantly elevated (P <0.02; Mann-Whitney test). Specificity of
the responses was demonstrated by lack of reactivity with irrelevant antigens B-galactosidase and HIV-
gag. For positive controls, PBMCs were exposed to concanavalin A. Values = Mean + SEM (FIG. 19).
[00408] Briefly, CMI (ELISpot IFN-y SFC) responses in immunized mCRC patients were assessed at
weeks 0, 3, 6, and 9. Note the increase in CMI responses during immunizations. Values=Mean £ SEM
(FIG. 20).

Additional immune analyses on treated mCRC patients using flow cytometry.

[00409] Flow cytometry testing on PBMC from a patient with high CMI activity (>1000 ELISpot IFN-
v SFC) after exposure to CEA peptides revealed CD8+/IFN-y+ cells (3.5%), CD8+/IFN-y+/TNF-o+ cells
(1.0%), CD4+/TFN-y+ cells (0.4%), and CD4+/TFN-y+/TNF-a+ cells (0.2%) demonstrating that
polyfunctional cells were present.

[00410] Patient PBMC samples were also tested for HLA-A2 positivity by flow cytometry and 63% of
the samples tested were HLA-A2 positive. When the highest CMI response level achieved per patient
was assessed in association with the presence of HLA-A?2, there was no significant difference observed
between HLA-A2+ and HLA-A2- patients (264.6+119.0 IFN-y SFC versus 165.6+108.1 IFN-y SFC).
[00411] To assess the induction of cytolytic T lymphocyte (CTL) responses, ELISpot assays for
granzyme B activity were performed. Granzyme B is a key mediator of target cell death via the granule-
mediated pathway and the release of granzyme B by cytolytic lymphocytes upon effector-target
interaction is an indicator of CTLs. The granzyme B ELISpot assay is a superior alternative to the 51Cr-
release assay since it is significantly more sensitive and provides an estimation of cytotoxic effector cell
frequency.

[00412] Increased granzyme B activity in PBMCs were observed after immunization (FIG. 16).
Importantly, in an extended follow-up on PBMC samples from 5 mCRC patients, CMI responses were
observed to decrease after immunizations (FIG. 22) were stopped indicating that further “booster”
immunizations may be required to maintain induced CEA directed CMI activity.

[00413] Briefly, CTL responses (ELISpot granzyme B secreting SFC) were assessed pre (week 0) and
post (week 6-9) treatment. Responses increased after immunizations (P < 0.05 1). Values = Mcan £ SEM
(FIG. 21).

[00414] Briefly, PBMC samples from 5 patients as assessed by ELISpot IFN-y SFC. CMI responses
peaked at week 9 and decreased by week 26 after treatment was stopped (FIG. 22).
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[00415] These data indicate that multiple homologous immunizations with Ad5 [E1-, E2b-]-CEA(6D)
induce CEA-specific CMI immune responses in patients despite pre-existing AdS-neutralizing activity.
These data further indicate that importantly, there was minimal toxicity and a favorable overall survival
profile was observed. Finally, the results indicate that the novel AdS [E1-, E2b-]-CEA(6D) gene
delivery/expression platform can overcome tolerance to TAA and generate significant CMI responses to
CEA in the setting of naturally acquired Ad5-specific immunity.

EXAMPLE 6: GLP Production of Clinical Grade Multi-targeted Vaccine

[00416] This example shows the production of clinical-grade multi-target vaccine using good laboratory
practice (GLP) standards. Previously, the Ad5 [E1-, E2b-]-CEA(6D) product was produced usinga 5 L
Cell Bioreactor under GLP conditions in accordance with good manufacturing practice standards. This
example shows that the Ad5 [El-, E2b-]-mMUCI-C and the Ad5 [El-, E2b-]-Brachyury products can be
produced in a 5 L. Cell Bioreactor using a similar approaches.

[00417] Briefly, vials of the E.C7 manufacturing cell line will be thawed, transferred into a T2235 flasks,
and initially cultured at 37 °C in 5% CO, in DMEM containing 10% FBS/4 mM L-glutamine. After
expansion, the E.C7 cells will be expanded using 10-layered CellSTACKS (CS-10) and transitioned to
FreeStyle serum-free medium (SFM). The E.C7 cells will be cultured in SFM for 24 hours at 37 °C in 5%
CO; to a target density of 5x10° cells/mL in the Cell Bioreactor. The E.C7 cells will then be infected with
Ad5 [El-, E2b-]-mMUC1-C or Ad5 [E1-, E2b-]-Brachyury, respectively, and cultured for 48 hours.
[00418] Mid-stream processing will be performed in an identical manner as that used to prepare clinical
grade Ad5 [El-, E2b-]-CEA(6D) product under IND14325. 30 minutes before harvest, Benzonase
nuclease will be added to the culture to promote better cell pelleting for concentration. After pelleting by
centrifugation, the supernatant will be discarded and the pellets re-suspended in Lysis Buffer containing
1% Polysorbate-20 for 90 minutes at room temperature. The lysate will then be treated with Benzonase
and the reaction quenched by addition of 5SM NaCl. The slurry will be centrifuged and the pellet
discarded. The lysate will be clarified by filtration and subjected to a two-column ion exchange
procedure.

[00419] To purify the vaccine products, a two-column anion exchange procedure will be performed. A
first column will be packed with Q Sepharose XL resin, sanitized, and equilibrated with loading buffer.
The clarified lysate will be loaded onto the column and washed with loading buffer. The vaccine product
will be eluted and the main elution peak (eluate) containing Ad5 [E1-, E2b-]-mMUCI1-C or Ad5 [El-,
E2b-]-Brachyury carried forward to the next step. A second column will be packed with Source 15Q
resin, sanitized, and equilibrated with loading buffer. The cluate from the first anion exchange column
will be loaded onto the second column and the vaccine product eluted with a gradient starting at 100%
Buffer A (20 mM Tris, | mM MgCl,, pH 8.0) running to 50% Buffer B (20 mM Tris, | mM MgCl,, 2M
NaCl, pH 8.0). The elution peak containing Ad5 [El-, E2b-]-mMUCI1-C or Ad5 [E1-, E2b-]-Brachyury
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will be collected and stored overnight at 2-8 °C. The peak elution fraction will be processed through a
tangential flow filtration (TFF) system for concentration and diafiltration against formulation buffer (20
mM Tris, 25 mM NaCl, 2.5% (v/v) glycerol, pH 8.0). After processing, the final vaccine product will be
sterile filtered, dispensed into aliquots, and stored at < -60 °C. A highly purified product approaching
100% purity is typically produced and similar results for these products are predicted.

[00420] The concentration and total number of VP product produced will be determined
spectrophotometrically. Product purity is assessed by HPLC. Infectious activity is determined by
performing an Ad5 hexon-staining assay for infectious particles using kits.

[00421] Western blots will be performed using lysates from vector transfected A549 cells to verify
mMUCI1-C or Brachyury expression. Quality control tests will be performed to determine that the final
vaccine products are mycoplasma-free, have no microbial bioburden, and exhibit endotoxin levels less
than 2.5 endotoxin units (EU) per mL. To confirm immunogenicity, the individual vectors will tested in
mice as described below (Example 7).

EXAMPLE 7: Immunogenicity of multi-targeted CEA, MUCI, T viral vector

[00422] This example shows immunogenicity results using the multi-targeted vaccine directed to CEA,
MUCI and T (Brachyury). Each viral vector product was tested for purity, infectivity, and antigen
expression, as described herein and each passed these criteria.

Vaccination and splenocyte preparation

[00423] Female C57BL/6 mice (n=5) were injected s.c. with 10! VP of Ad5 [El-, E2b-]-brachyury or
Ad5 [El-, E2b-]-CEA or Ad5 [El-, E2b-]-MUCI or a combination of 10! VP of all three viruses at a

ratio of 1:1:1 (Tri-Ad5). Control mice were injected with 3 x 10'° VP of Ad-null (no transgene insert).
Doses were administered in 25 ul of injection buffer (20mM HEPES with 3% sucrose) and mice were
vaccinated three times at 14-day intervals. Fourteen days after the final injection spleens and sera were
collected. Sera were frozen at —20 "C. Splenocyte suspensions were generated by gently crushing the
splcens through a 70 uM nylon cell strainer (BD Falcon, San Jose, CA). Red cells were removed by the
addition of red cell lysis buffer (Sigma-Aldrich, St. Louis, MO) and the splenocytes were washed twice
and resuspended in R10 (RPMI 1640 supplemented with L- glutamine (2 mM), HEPES (20 mM),
penicillin 100 U/m] and streptomycin 100 pg/ml, and 10% fetal bovine serum. Splenocytes were assayed
for cytokine production by ELISPOT and flow cytometry.

Immunogenicity studies:

[00424] Previous studies assess induced immunity generated by the multi-targeted vaccine mixture.
Immunization with Ad5 [E1-, E2b-] vectors is dose dependent and 1x10'° VP per dose was routinely
used. Groups (N=5) of C57Bl/6 mice were used.

[00425] This is study C57Bl/6 mice were injected subcutaneously 3 times at 2-week intervals with tri-

immunization comprising 3x10'° viral particles (VP) Ad5 [El-, E2b-]-null (empty vector controls) or
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with 3x10' VP containing a 1:1:1 mixture of Ad5 [E1-, E2b-]-CEA(6D), Ad5 [El-, E2b-]-mMUC1-C,
and Ad5 [El-, E2b-]-Brachyury.

[00426] Two weeks after the last immunization CMI activity was determined employing ELISpot
assays for IFN-y secreting cells (SFC) after exposure of splenocytes to CEA, MUCI, or Brachyury
peptide pools, respectively, as described (8-12,14).

[00427] Significant CMI responses to were detected in immunized mice (FIG. 23). Flow cytometry
utilizing intracellular cytokine staining was performed on spleen cells after exposure to CEA peptides to
assess the quantity of activated CD4+ and CD&+ T-cells.

[00428] Briefly, CMI responses against CEA, MUCI, and Brachyury as assessed by ELISpot assays for
IFN-y secreting splenocytes (SFC) were detected in multi-targeted immunized mice but not control mice
(injected with Ad5-Null empty vector). Specificity of the ELISpot assay responses was confirmed by lack
of reactivity to irrelevant SIV-nef or SIV-vif peptide antigens. A positive control included cells exposed
to concanavalin A (Con A, data not shown). Values = Mean = SEM (FIG. 23).

ELISpot assay

[00429] Brachyury-, CEA- and MUC1-specific IFN-y— or IL-2—secreting T cells were determined by
ELISpot assay from freshly isolated mouse splenocytes, as described above. Briefly, 2 x10° splenocytes
were stimulated with 0.2 ug/well of overlapping 15-mer peptides in a single pool derived from brachyury
or CEA, or MUCI. Cells were stimulated with Con A at a concentration of 0.0625 ug/per well as a
positive control and overlapping 15-mer complete peptides pools derived from SIV-Nef and SIV-Vif
were used as irrelevant peptide controls. The numbers of SFCs were determined using an Immunospot
ELISpot plate reader and results were reported as the number of SFCs per 10° splenocytes.

[00430] TNF-o and IFN-y expressing polyfunctional CD4+ and CD8&+ cells were detected in immunized
but not control splenocytes (FIG. 24). Testing was also performed on sera to detect induced CEA
antibody using a previously described quantitative ELISA assay with purified CEA protein.
Polyfunctional CD8+ (top) and CD4+ (bottom) cells expressing IFN-y and TNF-¢ in mice immunized
with the multi-targeted vaccine (right) but not in controls injected with Ad5-null (left). Specificity of the
responses was confirmed by lack of reactivity to media alone or irrelevant SIV-nef or SIV-vif peptides.
Values = Mean £ SEM (FIG. 24).

[00431] Significant antibody responses to CEA were detected in immunized but not control mice (FIG.
8). To determine the level of complement dependent cellular cytotoxicity (CDCC), a CDCC test was
performed using murine MC38-CEA target cells. Significant CDCC activity was detected in sera of
immune, but not control mice (injected with AdS-null) (FIG. 25). Significant (P<0.0001) CEA antibody
(left) and CDCC (right) responses were induced in mice immunized with the multi-targeted vaccine but

not in control mice. Values = Mean = SEM (FIG. 25).
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Intracellular cvtokine stimulation

[00432] Splenocytes were prepared as indicated for above. Stimulation assays were performed using
1x10° live splenocytes per well in 96-well U-bottom plates. Pools of overlapping peptides spanning the
entire coding sequences of brachyury, CEA and MUC1 were synthesized as [5-mers with 11-amino acid
overlaps and lyophilized peptide pools were dissolved in DMSO. Similarly constructed peptide pools
corresponding to SIV-Vif and SIV-Nef served as off-target controls. Splenocytes in R10 media (RPMI
1640, 10% fetal bovine serum, and antibiotics) were stimulated by the addition of peptide pools at 2
pg/mL/peptide for 6h at 37 °C and 5% CO,, with protein transport inhibitor (GolgiStop, BD) added 2h
into the incubation. Stimulated splenocytes were then stained for lymphocyte surface markers CD8« and
CD4, fixed, permeabilized, and then stained for the intracellular accumulation of IFN-y and TNFo.
Antibodies against mouse CD8a, CD4, IFN-y, and TNFa were used and staining was performed in the
presence of anti-CD16/CD32. Flow cytometry was performed and analyzed in BD Accuri C6 Software.

Complement-dependent cytotoxicity assay (CDC)

[00433] MC38-CEA2 tumor cells were cultured overnight at a density of 2x10* cells per well in 96-well
tissue culture microplates. Pooled heat inactivated mouse sera were added ata 1:50 dilution and
incubated at 37°C for 1 hour. Rabbit scrum was then added at a 1:50 dilution as a source of complement
and cells were incubated an additional 2.5 hours at 37 °C. Cell culture supernatants were assayed using
Promega Cytotox 96 non-radioactive cytotoxicity assay, according to the manufacturer’s instructions.
Percent lysis of MC38-CEA2 cells was calculated by the formula % lysis = (experimental — target
spontaneous) / (target maximum — target spontaneous) x 100%.

Anti-tumor immunotherapy studies:

[00434] Studies were conducted to test the anti-tumor capability of AdS [El-, E2b-]-based tri-vaccines
in immunotherapy studies in mice with established CEA, MUCI, or Brachyury expressing tumors,
respectively. In this study the anti-tumor activity of the individual components of the Ad5 [E1-, E2b-]-
based tri-vaccine was assessed.

[00435] Groups (n=7) of C57Bl/6 mice were injected subcutaneously in the right flank with 5x10° CEA,
MUCI, and/or Brachyury expressing murine tumor cells. After palpable tumors were detected, mice were
treated by 3 subcutaneous injections with 1x10'° VP each of Ad5 [E1-, E2b-]-null (no transgene, e.g.,
empty vector), AdS [E1-, E2b-]-CEA(6D), Ad5 [E1-, E2b-]-mMUCI1-C, and/or AdS [E1l-, E2b-]-
Brachyury, respectively. Tumor volumes were calculated and tumor growth curves were plotted. 7-10
mice/group are sufficient for statistical evaluation of treatment.

[00436] For in vivo tumor treatment studies, female C57BL/6 mice, 8—10 weeks old, were implanted
with 10° MC38-MUC cells s.c. in the left flank. Mice were treated three times at a 7-day interval with
10" VP Adeno-MUC]I or Tri-Ad5. Control mice were injected with 3 x 10" VP of Adeno-null. Tumor

growth was assessed by measuring two opposing dimensions (a, b) and the volume calculated according
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to the formula V=(a x b)?/2 where the shorter dimension was “a”. Tumor studies were terminated when
tumors reached 1500 m> or became severely ulcerated.

[00437] Significant anti-tumor activity and increased survival in MUCI expressing tumor-bearing mice
treated by immunotherapy (FIG. 26). Importantly, flow cytometry was used to determine that the MC38-
MUCTI cell line expressed PDL1 and anti-tumor activity was achieved despite its presence. C57Bl/6 mice
(n=7/group) were inoculated with MC38-MUCI expressing tumor cells subcutaneously in the left flank
and administered 10" VP of Ad5-Null (empty vector) or 10'° VP of Ad5 [El-, E2b-]-mMUC1-C in the
right flank on days 0, 7, 14.

[00438] Mice treated with Ad5 [El-, E2b-]-mMUC1-C had significantly (P <0.05) smaller tumors on
days 15 and 18 as compared to controls (top) and significantly longer survival (bottom). Values = Mean
+ SEM. Experiment was terminated on day 36 (FIG. 26).

[00439] Tmmunotherapy of mice with Ad5 [E1-, E2b-]-Brachyury resulted in smaller tumors (FIG. 27).
Briefly, C57B1/6 mice were inoculated with MC38-Brachyury expressing tumor cells subcutaneously in
the left flank and administered 10" VP of Ad5-Null (empty vector) (N=4) or 10" VP of Ad5 [EL-, E2b-
]-Brachyury (N=5) in the right flank on days 5, 11, and 17. Tumors were smaller in treated mice on days
15, 19, and 22. Valucs = Mean + SEM (FIG. 27)

[00440] Larger numbers of mice will be treated to show significant anti-tumor activity and to combine
immunotherapy with immune pathway checkpoint modulators, such as anti-checkpoint inhibitor
antibodies, to determine if anti-tumor activity is enhanced.

EXAMPLE 8: In vitro validation of human T-cell activation by recombinant viral vectors

Tumor cell culture

[00441] Human colon carcinoma SW620 (HLA-A2", HLA-A24", brachyury’, MUC1", CEA") and
pancreatic carcinoma ASPC-1 (HLA-A1Y, HLA-A26", MUCI1™) cell lines were used. Cell cultures were
free of mycoplasma and maintained in complete medium (RPMI-1640 supplemented with 10% FBS, 100
U/ml penicillin, 100 pug/ml streptomycin and 2 mM L-glutamine).

Detection of cytokines

[00442] Supernatants of T cells stimulated for 24 h with DCs infected with adenovirus vectors or
peptide-pulsed DCs in IL-2-free medium were evaluated for secretion of IFN-y using an ELISA kit. The
antigen-specific T-cell lines used in this analysis have been reported previously: (a) an HLA-A2 CEA-
specific CTL, (b) an HLA-A2 MUC1-specific CTL, (¢) an HLA-A24 MUC 1-specific CTL, and (d) an
HLA-A2 brachyury-specific CTL.

Cytotoxic assay

[00443] In brief, target cells were labeled with 50 pCi of ''In oxide at 37 C for 20 min and used at
3,000 cells/well in 96-well round-bottom culture plates. T cells were added at different ratios and

incubated at 37 °C for 16 h. Supernatants were harvested for gamma counting. Determinations were
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carried out in triplicate and SDs were calculated. Spontancous release was determined by incubating
target cells with medium alone and complete lysis was determined by incubating with 0.25% Triton X-
100. Specific lysis was calculated with the use of the following formula: Lysis (%) = [observed release
(CPM) - spontaneous release (CPM)] / [Complete release (CPM)- spontaneous release (CPM)] x 100.
[00444] An in vitro study was performed to assess dendritic cells (DC) function and antigen-specific T-
cell activation using the Ad5 [El-, E2b-]-CEA(6D), and Ad5 [El-, E2b-]-Brachyury vectors. Briefly,
human DC were cultured 6-7 days in media with IL-2 and GM-CSF. DC cultured in AIM-V medium
were infected with AdS [El-, E2b-]-CEA(6D), or Ad5 [E1-, E2b-]-Brachyury, or Ad5 [E1-, E2b-]-null
(empty vector) and incubated for 2 days. Uninfected DCs were used as controls.

[00445] Human DC cells were then analyzed by flow cytometry for expression of CD80 (a marker for
DC maturation), CD83 (a marker for DC maturation), CD86 (a DC marker) and DR (a DC marker) as
measured by mean fluorescence intensity. As shown in Table 6, infection of DC with Ad5 [E1-, E2b-]-

based vectors induced activation and maturation of human DCs.

Table 6
Non-infected 0 20.2% 33.6% 99.5% 94.4%
controls
AdS [EL- E2b-]- | 69 40.7% 40.9% 99.2% 98.0%
null infected
AdS [EL- E2b-]- | 60 56.8% 48.7% 99.29% 98.3%

CEA(6D) infected

[00446] Dendritic cells (2x10°) in 1 mL of AIM-V medium were infected with adenovirus vectors (Ad5
[E1l-, E2b-]-CEA, AdS [El-, E2b-]-MUC1, AdS [E1-, E2b-]-brachyury, and Ad5 [E1-, E2b-]-null at
indicated multiplicity of infection (MOI of 10,000 or 20,000) for 1 hour in 6-well plates. AIM-V medium
(4 mL) was then added to each well and incubated for an additional 2 days. To analyze the efficacy of
transgene expression, DCs were harvested and analyzed using flow cytometry and Western blot. For
phenotypic analysis, DCs were stained for the expression of CD80, CD&3, CD86, CEA, and HLA-DR
using BV421-conjugated anti-CD80, PerCP Cy5.5-conjugated anti-CD83, APC-Cy7-conjugated anti-
HLA-DR, PE-conjugated anti-CD86, and FITC-conjugated anti-CEA. As shown in Table 7, Ad5 vectors
induced maturation and activation of human DCs. Indicated adenovirus vectors were used at a
concentration of 10,000 or 20,000 multiplicity of infection (MOI) for infection of human dendritic cells
(DCs). Expression of CD&0, CD83, CD86 and HLA-DR were analyzed by flow cytometry. Results are

expressed in % of positive cells (mean fluorescence intensity).
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Table 7

Control 0 20.2 (146) 33.6 (259) 99.5 (4586) 94.4 (1355)
Ad5 [El-, E2b-]-null 10,000 40.7 (162) 40.9 (253) 99.2 (3794) 98.0 (4489)
Ad5 [El-, E2b-]-null 20,000 47.4 (169) 46.8 (266) 98.6 (3012) 95.7 (3203)
Ad5 [El-, E2b-]-CEA 10,000 56.8 (189) 48.7 (262) 99.2 (3877) 98.3 (6553)
Ad5 [El-, E2b-]-CEA 20,000 54.5 (185) 46.6 271) 99.1 (3628) 98.0 (6015)
AdS [El-, E2b-]-MUC1 10,000 41.4 (167) 42.4 (251) 08.5 (3178) 96.9 (5227)
Ad5 [EL-, E2b--MUCI 20,000 46.7 (172) 44.3 (260) 98.9 (3391) 97.2(5779)

[00447] To determine if infected human DCs could stimulate human antigen-specific T-cell lines to
secrete [FN-y, infected DCs were incubated with antigen-specific T-cell lines and tested for [FN-y
secreting activity. As shown in Table 8, only the CEA or Brachyury antigen-specific HLA-A2+ T-cell
lines incubated with respective HLA-A2+ DC infected with Ad5 [El-, E2b-]-CEA(6D) or Ad5 [E1-,
E2b-]-Brachyury were stimulated to secrete IFN-y. No IFN- y secretion was detected in the controls.
Infection of HLA-A2+ DC with Ad5 [El-, E2b-]-based vectors can activate antigen-specific T-cells to
produce IFN-y.

Table 8
Non-infected controls 0 <15.6
No DC 0 <15.6
Ad5 [E1l-, E2b-]-null infected 10,000 <15.6
Ad5 [El-, E2b-]-CEA(6D) infected 10,000 Not Done
Ad5 [E1-, E2b-]-Brachyury infected 10,000 Not Done 145.6

[00448] HLA-A2+ DC were infected with a mixture of Ad5 [El-, E2b-]-CEA(6D) and AdS [E1-, E2b-]-
Brachyury. Infected DCs were used to generate specific cytotoxic HLA-A2+ T-lymphocytes (CTL) using
autologous PBMC. The autologous DCs were used as APC for three in vitro stimulations (IVSs).
Autologous B cells pulsed with CEA or Bracyhyury were used to re-stimulate antigen-specific CTLs
after the 3 TVSs. The effector T-cell to target tumor cell ratio was 30:1 and the percent cytolytic activity
was determined. As shown in Table 9, infection of HLA-A2+ DC with a mixture of Ad5 [El-, E2b-]-
CEA(6D) and Ad5 [E1-, E2b-]-Brachyury can generate antigen-specific cytolytic T-cells. Cytolytic

activity was detected in an HLA-A2 dependent manner.
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Table 9

CEA-specific HLA-A2+ T-cells 42.4% 4.3%
Brachyury-specific HLA-A2+ T-cells 64.4% 8.3%

[00449] To determine if infected human DCs could stimulate human antigen-specific T-cell lines to lyse
target tumor cells. Human DCs (6-day culturc in IL-4 and granulocyte-macrophage colony-stimulating
factor (GM-CSF) 2x10* cells/well in 0.5 mL of AIM-V) were infected with indicated adenovirus vectors
at 20,000 multiplicity of infection (MOI). After 48 hours, DCs were washed and used for stimulation of
human antigen-specific T cells. Results are expressed in pg/ml of IFN-y per 1x10° T cells/ml. Table 10
demonstrates that infection of human DCs with recombinant adenovirus vectors encoding CEA, MUCI,
or brachyury, can activate antigen specific T-cell lines. Numbers in bold indicate a significant
enhancement of IFN-y secretion compared to corresponding wells with uninfected DCs. [-- indicates that

the assay was not performed.]

Table 10
AdS [El-, E2b-]-null <15.6 <15.6 <15.6 <15.6
Ad5 [EL-, E2b-]-brachyury <15.6 -- -- 351.9
AdS [El-, E2b-]-MUC1 <15.6 335.2 806.4 -
AdS5 [El-, E2b-]-CEA 350.0 <15.6 <15.6 -
Uninfected DCs <15.6 <15.6 <15.6 <15.6
T cells only <15.6 <15.6 <15.6 <15.6

[00450] Human DCs (6-day culture in IL-4 and GM-CSF) from an HLA-A2 and —A24 donor were
infected with Tri-AdS vector at 2 x 10% /well (24-well plate) in 0.5 mL of AIM-V. Tri-AdS vectors were
used at 20,000 MOI for 1 hour and then 1.5 mL of AIM-V were added to each well. Infected DCs were
incubated for 48 hours and then washed and used for stimulation of human antigen-specific T cells.
Results are expressed in pg of IFN-y per 1 x 10° T cells/ml. Numbers in bold indicate a significant
enhancement of IFN-y secretion compared to corresponding wells with uninfected DCs.

[00451] CEA-, MUCI- and brachyury-specific cytotoxic T lymphocytes (CTLs) were generated.
Dendritic cells (1-2x10° /well in 1 mL of AIM-V) were infected with 20,000 MOI of Tri-Ad5, as

described above. Infected DCs were used as APCs for stimulation of autologous nonadherent cells at an
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effector-APC ratio of 10:1. Cultures were incubated for 3 days at 37 °C in a humidified atmosphere
containing 5% CO,. The cultures were then supplemented with rhIL-2 for 7 days; IL-2 containing
medium was replenished every 3 days. The 10-day stimulation constituted one in vitro stimulation (IVS)
cycle. Autologous vector-infected DCs were used as APCs for three IVS. Autologous peptide-pulsed B
cells were used to re-stimulate antigen-specific CTLs after three IVS. T-cell lines were maintained in
medium containing IL-7 and IL-15 (10 ng/ml).

[00452] Human DCs from a prostate cancer patient (6-day culture in IL-4 and GM-CSF; 2x10*
cells/well in 0.5 mL of AIM-V) were infected with Tri-Ad5 at 20,000 MOI. After 48 h, infected DCs
were washed and used to generate specific cytotoxic T lymphocytes (CTLs) using autologous peripheral
blood mononuclear cells (PBMCs) as effectors. Following 3 cycles of in vitro stimulations, autologous
peptides-pulsed B cells were used as antigen-presenting cells. Results are expressed in pg/ml of IFN-y. [--
indicates that the assay was not performed.] As shown in Table 11, infection of human dendritic cells can
generate antigen-specific T cells to brachyury, MUCI and CEA and produce IFN-y when stimulated with

autologous B cells pulsed with the peptides.

Table 11

T-Brachyury <15.6 - -- 243
T-MUCI (A2) <15.6 174 - -
T-MUCI (A24) <15.6 - 206 -
T-CEA 211 <15.6 - -

[00453] CEA-, MUCI- and brachyury-specific cytotoxic T lymphocytes (CTLs) were generated.
Dendritic cells (1-2x10° /well in | mL of AIM-V) were infected with 20,000 MOI of Tri-Ad5, as
described above. Infected DCs were used as APCs for stimulation of autologous nonadherent cells at an
cffector-APC ratio of 10:1. Culturcs were incubated for 3 days at 37 °C in a humidificd atmosphere
containing 5% CO;. The cultures were then supplemented with rhIL-2 for 7 days; IL-2 containing
medium was replenished every 3 days. The 10-day stimulation constituted one in vitro stimulation (IVS)
cycle. Autologous vector-infected DCs were used as APCs for three IVS. Autologous peptide-pulsed B
cells were used to re-stimulate antigen-specific CTLs after three IVS. T-cell lines were maintained in
medium containing IL-7 and IL-15 (10 ng/ml).

[00454] Human DCs (6-day culture in IL-4 and GM-CSF) from an HLA-A2 and —A24 donor were
infected with Tri-Ad5 vector at 2 x 10*/well (24-well plate) in 0.5 mL of AIM-V. Tri-Ad5 vectors were
used at 20,000 MOI for 1 hour and then 1.5 mL of AIM-V were added to each well. Infected DCs were
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incubated for 48 hours and then washed and used for stimulation of human antigen-specific T cells.
Results are expressed in pg of IFN-y per 1 x 10° T cells/ml. Infection of human dendritic cells with Tri-
Ad5 vectors encoding transgenes can activate antigen-specific T cell lines to produce IFN-y. As shown in
Table 12, infection of human dendritic cells with Tri-Ad5 can generate antigen-specific T cells to
brachyury, MUCI and CEA and produce IFN-y when stimulated with autologous B cells pulsed with the
corresponding peptides. Numbers in bold indicate a significant enhancement of IFN-y secretion
compared to corresponding wells with uninfected DCs.

Table 12

Tri-AdS 480 236 763 496
Ad5 [El, E2b]-null <15.6 <15.6 <15.6 <15.6
Uninfected DCs <15.6 <15.6 <15.6 <15.6
T cells only <15.6 <15.6 <15.6 <15.6

[00455] These studies show that Ad5 [E1-, E2b-]-based vectors can induce maturation of human DCs in
vitro, infected DCs can stimulate antigen-specific human T-cells, and infected DCs can generate antigen-
specific human CTLs. In the studies reported here, multi-TAA targeted immunotherapy (Tri-AdS5), which
consisted of a mixture of three AdS vectors expressing different TAAs, is as efficient in the activation of
human T cells as the usc of cach of the adenovirus vectors alone, with only minor differences. Nine
different in vivo parameters were measured via vaccinating mice with each of the Ad5 [E1-, E2b-]-CEA,
Ad5 [El-, E2b-]-MUC1, and AdS5 [E1-, E2b-]-brachyury vectors individually versus vaccination with
Tri-Ad5. Of the 21 assays performed, statistical differences observed were (a) an enhanced number of
MUC 1-specific splenocytes and CD8 " IFN-producing and multifunctional CD8" T cells, and (b) more
CEA-specific CD8" IFN-producing T cells, in the mice vaccinated with one vector than in the Tri-Ad5
vaccinated mice. On the other hand, the Tri-Ad5 vaccinated mice produced more CEA-specific IL-2—
producing cells than the Ad5 [E1-, E2b-]-CEA vaccinated mice. In the other 16/21 assays, however, there
were no statistical differences in the results between the use of the individual vector versus the use of the
Tri-Ad5 in terms of antigen-specific activation of (a) splenocytes for IFN-y and IL-2 production, (b)
CDR" T cells for IFN-y production, (c) CD4" T cells for IFN-y production, (d) multifinctional CD8" T
cells for IFN-y and TNF-a production, (¢) multifunctional CD4" T cells for IFN-y and TNF-o, production,
and (f) production of antigen-specific antibodies. There was also no difference in anti-tumor activity
using a single vector (AdS [E1-, E2b-]-MUC1) versus the Tri-AdS vaccine; while both vaccines did not

climinate the tumor, both vaccines reduced the tumor growth rate in a similar manner. While Tri-Ad5
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was not as efficient in T-cell activation in some assays, the potential ability of the Tri-AdS platform to
overcome the TAA heterogeneity that exists in human solid tumors far outweighs the relatively minor
differences in potency of T-cell activation of Tri-Ad5 vs. individual vectors in some assays.

[00456] CEA, MUCI and brachyury are all human TAAs and are not expressed in murine solid tumors.
Moreover, human solid tumors are very heterogeneous with respect to expression of different TAAs. It
would be extremely difficult to transfect a murine tumor cell line with all three transgenes to define the
effect of vaccination of Tri-Ad5 vs. each vector alone. The targeting of a murine tumor expressing MUC1
was chosen because the single Ad5 [E1-, E2b-]-MUCI vector was more potent in some of the murine T-
cell assays compared to the Tri-Ad5 than the CEA and brachyury vectors compared to Tri-Ad5. Thus this
appeared to be the most stringent model to compare the Tri-AdS platform to a single vector platform. The
studies reported herein were designed to provide the rationale for potential clinical studies as a vaccine
immunotherapy, or use in combination with other therapeutics, using this novel adenovirus vaccine
delivery platform (Ad5 [El-, E2b-] targeting a diverse range of TAA transgenes in the Tri-AdS regimen.
[00457] While the checkpoint inhibitor antibodies have shown evidence of clinical activity in melanoma
and squamous non-small cell lung cancer, clinical benefit in other cancer types has been observed in a
minority of patients. For some tumor types, such as colorectal cancer and prostate cancer, the anti-
PDL1/PD1 checkpoint inhibitors have shown little clinical activity. One hypothesis that has been put
forth for the lack of PDL1/PD1 therapeutic activity in some patients is the lack of T-cell infiltrates in
tumors. Consequently, if a vaccine targeting TAAs in the tumor would result in the presence of antigen-
specific T cells in the tumor microenvironment, then an immune pathway checkpoint modulator
employed in combination or following vaccination would be able to “release the brakes” of the tumor-
infiltrating anergized T cells leading to clinical effect.

EXAMPLE 9: Immunotherapy for HPV

[00458] This example shows that the combination therapy as provided herein reduces tumors and a
murine model of HPV-associated cancers which express HPV carly 6 (E6) and carly 7 (E7) oncogencs.
Briefly, tumor bearing HPV murine model mice were treated with the Ad5 [E1-, E2b-]-HPV-E6/E7
vaceine comprising a modified non-oncogenic and fused HPV-E6/E7 gene and treated tumor bearing
mice. The TC-1 murine tumor cell line used to induce tumors in the mice expressed HPV-E6/E7 as well
as PDLI.

[00459] Flow cytometry was used to examine the tumors in HPV tumor bearing mice and calculated the
abundance of various tumor infiltrating lymphocytes (TILs). The TILs in the tumors were observed to
have the following cell types and abundance levels: myeloid derived suppressor cells (MDSC) (7.5% =
2.4 SD), FoxP3 expressing T regulatory (Treg) lymphocytes (7.1% + 2.5), PD1 expressing CD8o+
lymphocytes (25.5% +16.4), and LAG-3 expressing CD8a+ lymphocytes (4.1% = 2.3). This profile of

TILs indicates that a suppressive immune pathway in present in the tumors.
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[00460] The addition of immune checkpoint inhibitor antibodies, such as anti-PD1 antibody, to the Ad3
[El-, E2b-]-HPV-E6/E7 immunotherapy resulted in greater anti-tumor responses (FIG. 28). Additionally
two mice in this group were observed to have essentially complete tumor regression (FIG. 29). Briefly,
C57B1/6 mice (n=7/group) were implanted with HPV-E6/E7 expressing TC-1 tumor cells (day 0) and
treated by immunotherapy on days 10, 17, 24 with 10" VP of Ad5-null (empty vector) plus 100 pg
control IgG (intraperitoneal), 10" VP of Ad5-Null (empty vector) plus 100 pg anti-PD1, 10" VP of AdS
[El-, E2b-]-HPV-E6/E7 plus 100 pg mouse IgG, or 10" VP of Ad5 [El-, E2b-]-HPV-E6/E7 plus 100 pg
anti-PD 1. Immunotherapy with or without anti-PD1 resulted in significant inhibition of tumor growth by
day 23 (P<0.05). All control mice were terminated by day 23 due to tumor mass. Values = Mean + SEM
(FIG. 28).

[00461] Tumor growth and regression in 2 mice treated by immunotherapy with anti-PD1 injections
were analyzed (FIG. 29). Tumor growth peaked on days 20 & 27, respectively, and then regressed
thereafter. This study demonstrates that the combination of immune checkpoint inhibitor drugs in
combination with use of multi-targeted vaccines can enhance anti-tumor effects.

[00462] Immunotherapy against human papilloma virus (HPV) using a viral gene delivery platform to
immunize against HPV 16 genes E6 and E7 (AdS [El-, E2b-]-E6/E7) combined with programmed dcath-
ligand 1 (PD1) blockade was investigated to determine whether it could increase therapeutic effect as
compared to the vaccine alone. AdS [E1-, E2b-]-E6/E7 as a single agent induced HPV-E6/E7 cell-
mediated immunity. Immunotherapy using Ad5 [E1-, E2b-]-E6/E7 resulted in clearance of small tumors
and an overall survival benefit in mice with larger established tumors. When immunotherapy was
combined with immune checkpoint blockade, an increased level of anti-tumor activity against large
tumors was observed. Analysis of the tumor microenvironment in Ad5 [E1-, E2b-]-E6/E7 treated mice
revealed elevated CD8™ tumor infiltrating lymphocytes (TILs); however, induction of suppressive
mechanisms such as programmed death-ligand 1 (PDL1) expression on tumor cells and an increase in
PDI1" TILs was seen. When AdS [E1-, E2b-]-E6/E7 immunotherapy was combined with anti-PD1
antibody, CD8" TILs were observed at the same level but a reduction in tumor PDL1 expression on
tumor cells and reduced PD 1" TILs providing a mechanism by which combination therapy favors a tumor
clearance state and a rationale for pairing antigen-specific vaccines with immune pathway checkpoint
modulators in future clinical trials.

[00463] Herein, Ad5 [El-, E2b-]-E6/E7 immunizations combined with PD1 blockade were examined
for an increase an anti-tumor effect. Also, the CMI response induced by the AdS [El-, E2b-]-E6/E7
vaccine was characterized and the kinetics of an anti-tumor response was determined to cvaluate the
therapeutic potential of treating small versus large established tumors. To investigate a possible

mechanism of action, the relationship between the levels of effector T cells and suppressor T cells within
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the parenchyma of the tumor was evaluated and lymphocyte populations and expression of co-inhibitory
molecules that may play a role in the observed anti-tumor responses were characterized.

Viral Construction

[00464] Ad5[El-, E2b-]-E6/E7 was constructed and produced. Briefly, the transgenes were sub-cloned
into the Ad5 [E1-, E2b-] vector using a homologous recombination-based approach and the replication
deficient virus was propagated in the E.C7 packaging cell line, CsCl, purified, and titered Viral infectious
titer was determined as plaque forming units (PFU) on an E.C7 cell monolayer. The viral particle (VP)
concentration was determined by sodium dodecyl sulfate (SDS) disruption and spectrophotometry at 260
nm and 280 nm. As a vector control, AdS [E1-, E2b-]-null was employed, which is the Ad5 platform
backbone with no transgene insert.

Immunization and splenocyte preparation

[00465] Female C57BL/6 mice (n=5/group) were injected subcutaneously (SQ) with varying doses of
AdS [El-, E2Zb-]-E6/E7 or AdS [E1-, E2b-]-null. Doses were administered in 25pL injection buffer
(20mM HEPES with 3% sucrose) and mice were immunized three times at 14-day intervals. Fourteen
days after the final injection, spleens and sera were collected. Serum from mice was frozen at -20°C until
evaluation. Suspensions of splenocytes were generated by disrupting the spleen capsule and gently
pressing the contents through a 70 um nylon cell strainer. Red blood cells were lysed by the addition of
red cell lysis buffer and after lysis, the splenocytes were washed twice in R10 (RPMI 1640 supplemented
with L-glutamine (2mM), HEPES (20mM) (Corning, Corning, NY), penicillin (100 U/ml) and
streptomycin (100 pg/mL), and 10% fetal bovine serum. Splenocytes were assayed for cytokine
production by ELISpot and flow cytometry.

Enzyme-Linked Immunosorbent Spot (ELISpot) assay

[00466] HPV E6 and E7 specific interferon-y (IFN-y) secreting T cells were determined by ELISpot
assays using freshly isolated mouse splenocytes prepared as described above. The ELISpot assay was
performed. Pools of overlapping peptides spanning the entire coding sequences of HPV E6 and E7 were
synthesized as 15-mers with 11-amino acid overlaps (and lyophilized peptide pools were dissolved in
DMSO. Splenocytes (2x10° cells) were stimulated with 2 pg/mL/peptide of overlapping 15-mer peptides
in pools derived from E6 or E7. Cells were stimulated with Concanavalin A (Con A) at a concentration of
0.06 pg/per well as a positive control. Overlapping 15-mer complete peptide pools derived from SIV-Nef
(AIDS Research and Reference Reagent Program, Division of AIDS, NIAID, NIH) were used as
irrelevant peptide controls. The numbers of Spot Forming Cells (SFC) were determined using an
Immunospot ELISpot plate reader (and results reported as the number of SFC per 10°splenocytes.
Intracellular Cytokine Stimulation

[00467] Splenocytes were prepared as described for the ELISpot assay above. Stimulation assays were

performed using 10° live splenocytes per well in 96-well U-bottom plates. Splenocytes in R10 media
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were stimulated by the addition of HPV E6, HPV E7, or SIV-Nef peptide pools at 2ug/mL/peptide for 6
h at 37 °C in 5% CO,, with protcin transport inhibitor (GolgiStop, BD) added two hours after initiation of
incubation. Stimulated splenocytes were then stained for lymphocyte surface markers CD8a and CD4,
fixed with paraformaldehyde, permeabilized, and stained for intracellular accumulation of IFN-y and
TNF-a. Fluorescent-conjugated antibodies against mouse CD8a (clone 53-6.7), CD4 (clone RM4-5),
IFN-y (clone XMG1.2), and TNF-a (clonc MP6-XT22) were purchased from BD and staining was
performed in the presence of anti-CD16/CD32 (clone 2.4G2). Flow cytometry was performed using an
Accuri C6 Flow Cytometer (BD) and analyzed using BD Accuri C6 Software.

Tumor immunotherapy

[00468] For in vivo tumor immunotherapy studies, female C57BL/6 mice, 8-10 weeks old, were
implanted with 2x10° TC-1 HPV-E6/E7 expressing tumor cells SQ in the left flank. Mice were treated
three times at 7-day intervals with SQ injections of 10'° VP Ad5 [El-, E2b-]-E6/E7. Control mice were
injected with 10'° VP Ad5 [E1-, E2b-]-null under the same protocol. In combinational studies, mice were
given 100 g of rat anti-PD1 (clone RMP1-14) or an isotype rat control antibody (clone 2A3) IP at the
same time as immunization. Rat anti-PD1 antibody and rat IgGa, isotype control antibodies were
purchased from BioXcell. Tumor size was measured by two opposing dimensions (a, b) and volume was
calculated according to the formula V=(a’xb)/2 where a was the shorter dimension. Animals were
euthanized when tumors reached 1500mm’ or when tumors became ulcerated.

Analysis of tumor infiltrating cells (TILs) by flow cytometry

[00469] Four groups of 810 week old female C57BL/6 mice (n=5/group) were implanted with 2x10°
TC-1 tumor cells SQ in the left flank at day 0. Two of these groups were immunized SQ with 10" VP
Ad5 [El-, E2b-]-null vector control and the other two groups SQ with 10'° VP Ad5 [El-, E2b-]-E6/E7
vaccine. These immunizations were administered twice at 7-day intervals starting on day 12. In addition
to immunizations, mice in one Ad3 [E1-, E2b-]-E6/E7 group and one Ad5 [El-, E2b-]-null group were
administered 100pg rat anti-PD1 (clone RMP1-14) SQ at days 12 and 16 and 100ug hamster anti-PD1
(clone J43) at days 19 and 23 to increase the effective dose of anti-PD1. To control for treatment with
these immune pathway checkpoint modulators, mice in the remaining Ad5 [El-, E2b-]-E6/E7 and Ad5
[E1-, E2b-]-null groups were administered the relevant rat and hamster control IgG antibodies on the
same days. Hamster anti-PD1 antibody and isotype control were purchased from BioXcell. At day 27,
tumors were measured, excised, and weighed. Tumors were minced and digested with a mixture of
collagenase IV (1mg/ml), hyaluronidase (100ug/ml), and DNase IV (200U/ml) in Hank’s Balanced Salt
Solution (HBSS) at room temperature for 30 min and rotating at 80 rpm. Enzymes were purchased from
Sigma-Aldrich. After digestion, the tumor suspension was placed through a 70 um nylon cell strainer and

centrifuged. Red cells were removed by the addition of red cell lysis buffer (Sigma-Aldrich) and after
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lysis, the tumor suspensions were washed twice in phosphate buffered saline (PBS) containing 1% (w/v)
bovine serum albumin and resuspended in fluorescent activated cell sorting (FACS) buffer (PBS pH 7.2,
1% fetal bovine serum, and 2 mM EDTA) for staining. Fluorescent-conjugated antibodies against CD45
(30-F11), CD4 (RM4-5), and PDL1 (MIHS) were purchased from BD. Fluorescent-conjugated antibodies
against CDS8P (H35-17.2), CD25 (PC61.5), FoxP3 (FIK-16s), PD1 (RMP1-30), LAG-3 (C9B7W), and
CTLA4 (UC10-4B9) were all purchased from eBioscience. Surface staining was performed for 30
minutes at 4 °C in 100uL FACS buffer containing anti-CD16/CD32 (clone 2.4G2). Stained cells were
washed 1in FACS bufter, fixed with paraformaldchyde, and (if needed) permeabilized in permeabilization
buffer (eBioscience) before staining with fluorescent-conjugated anti-FoxP3 or anti-CTLA4 for 60
minutes at 4°C in 100puL permeabilization buffer containing anti-CD16/CD32 (clone 2.4G2). Cells were
washed with permeabilization buffer, washed back into FACS buffer, and a fixed volume of each sample
was analyzed by flow cytometry using a2 BD Accuri C6 flow cytometer. Tumor cells were defined as
CD45™ events in a scatter gate that includes small and large cells. CD4" TILs were defined as
CD457/CD4" events in a lymphocyte scatter gate. CD8" TILs were defined as CD45'/CD8pB " events in a
lymphocyte scatter gate. Regulatory T cells (Tregs) were defined as CD45'/CD4"/CD25 " /FoxP3" events
in a lymphocyte scatter gate. Effector CD4" T cells were defined as CD45"/CD4 " /CD25 /FoxP3™ events
in a lymphocyte scatter gate. Isotype-matched control antibodies were used to determine positive
expression of FoxP3, PDLI, PD1, LAG-3, and CTLA4, Flow cytometry was performed using an Accuri
C6 Flow Cytometer (BD) and analyzed in BD Accuri C6 Software.

HPV-E6/E7 specitic cell mediated immune responses induced by Ad5S [E1-, E2b-|-E6/E7

[00470] A study was performed to determine the effect of increasing doses of Ad5 [El-, E2b-]-E6/E7
immunizations on the induction of CMI responses in mice. Groups of C57BL/6 mice (n=5/group) were
immunized SQ three times at 14-day intervals with 10%, 10, or 10'° VP Ad5 [E1-, E2b-]-E6/E7. Control
mice received 10* VP, 10° VP, or 10'° VP Ad5 [El-, E2b-]-null (empty vector controls). Two weeks after
the last immunization, splenocyte CMI respanses were assessed by ELISpot analysis for IFN-y secreting
cells. A dose effect was observed and the highest CMI response level was obtained by immunizations
with 10" VP Ad5 [El-, E2b-]-E6/E7. No responses were detected in control mice injected with Ad5
[E1-, E2b-]-null.

[00471] Tntracellular accumulation of TFN-y and TNF-o in both CD8w” and CD4™ splenocytes
populations was also determined in mice immunized with 10'° VP Ad5 [El-, E2b-]-E6/E7. Intracellular
cytokine staining (ICS) after stimulation with overlapping peptide pools revealed E6 and E7 antigen-
specific [FN-y accumulation in CD8a” lymphocytes isolated from all mice immunized with AdS [El-,

E2b-]-E6/E7. Peptide-stimulated splenocytes were also stained for the intracellular accumulation of TNF-
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a, and a significant population of multifunctional (IFN-y/TNF-a") CD8a." splenocytes specific for both
E6 and E7 werce able to be detected.

Treatment of HPV-E6/E7 expressing tumors

[00472] The anti-tumor effect of immunotherapy treatment in mice bearing HPV-E6/E7 TC-1 tumors
was investigated. These tumor cells expressed PDL1 as assessed by flow cytometry analysis. When
labeled with PE-conjugated anti-PDL1, the TC-1 cells had a median fluorescent intensity (MFI) of 537
whereas cells labeled with a PE-conjugated isotype control antibody had an MFI of 184, demonstrating
the presence of the immune suppressive PDL1 on the surface of the TC-1 cells (data not shown). Two
groups of C57BL/6 mice (n=5/group) were inoculated with 2x10° TC-1 tumor cells SQ into the right
subcostal area on day 0. On days 1, 8, and 14 mice were treated by SQ injections of 10'° VP Ad5 [El-,
E2b-]-null (vector control) or 10'° VP Ad5 [El-, E2b-]-E6/E7. All mice were monitored for tumor size
and tumor volumes were calculated. Mice immunized with Ad5 [E1-, E2b-]-E6/E7 had significantly
smaller tumors than control mice beginning on day 12 (p<0.01) and remained significantly smaller for
the remainder of the experiment (p<0.02), including 3 of 5 mice showing complete tumor regression.
Tumors in mice from the vector control treated group began reaching the threshold for euthanasia starting
on day 26 and all mice in this group were euthanized by day 33, whereas mice in the Ad5 [El-, E2b-]-
E6/E7 treated group were all alive with complete tumor regression of small tamors (<150mm3) at the end
of experiment on day 36.

[00473] To determine if immunotherapy with AdS [E1-, E2b-]-E6/E7 was effective against larger
tumors, TC-1 tumor cells tumors were implanted in two groups of C57BL/6 mice (n=4/group) and then
delayed weekly treatment with Ad5 [El-, E2b-]-E6/E7 for 6 days post tumor implantation, at a time when
tumors were small but palpable. Mice beginning treatment on day 6 initially demonstrated tumor growth
similar to the control group; however, beginning on day 16, tumor regression was observed. The tumors
in mice that began treatment on day 6 were significantly smaller (p<<0.05) than the control group
beginning on day 20 and 3 of 4 mice had complete regression by day 27. Ad5 [El-, E2b-]-E6/E7
administration beginning on day 6 also conferred a significant survival benefit (p<0.01).

[00474] TFinally. to determine if immunotherapy with Ad5 [E1-, E2b-]-E6/E7 was effective against large
established tumors, TC-1 tumor cells were implanted in two groups of C57BL/6 mice (n=4/group) then
dclayed weekly treatment with AdS [E1-, E2b-]-E6/E7 until 13 days post tumor implantation, when
tumors were ~100mm’. In this treatment group, initial tumor growth was observed to be similar to the
control group but some mice in the control group reached euthanasia criteria on day 23, preventing
analysis of significance at further time points. However, tumor volumes in the Ad5 [E1-, E2b-]-E6/E7
treated group were below the euthanasia threshold through day 29, at which point tumors from all mice in
the vector control group had exceeded 1500mm® and were euthanized (Figure 5B). These results indicate

that in the TC-1 tumor model the Ad5 [E1-, E2b-]-E6/E7 immunotherapeutic was a potent inhibitor of
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tumor growth and lead to significant overall survival benefit, however complete clearance of tumors was
only observed when treatment was initiated in smaller tumors. Furthermore, these results demonstrate
that, despite the presence of immune suppressing PDL1 on tumor cells, immunotherapeutic treatment
with Ad5 [E1-, E2b-]-E6/E7 resulted in significant inhibition of tumor growth.

Combination immunotherapy with immune checkpoint inhibition

[00475] To determine if the therapeutic effect of AdS [E1-, E2b-]-E6/E7 could be improved in the
setting of large tumors, anti-PD1 antibody was co-administered. Four groups of mice (n=7/group) were
implanted with 2x10° TC-1 tumor cells on day 0 and beginning on day 10 the mice received weekly
administrations of SQ 10" VP AdS [E1-, E2b-]-E6/E7 plus IP 100pg anti-PD1. 10'° VP AdS [E1-, E2b-]-
null plus 100pg anti-PD1, 10" VP Ad5 [El-, E2b-]-E6/E7 plus 100 pg rat IgG,, isotype control, or 10
VP Ad5 [El-, E2b-]-null plus 100 pg rat IgGa, isotype control. Tumor size was monitored over time and
mice were euthanized when tumor size exceeded 1500 mm® or when tumor ulceration was present.
Control mice that received AdS [E1-, E2b-]-null plus 100 pg rat 1gG,, isotype control (Figure 6A) and
mice treated with AdS [E1-, E2b-]-null plus 100pg anti-PD1 (Figure 6B) exhibited a similar tumor
growth pattern (Figure 6B). No significant survival benefit was obscrved between these two groups. Mice
that received Ad5 [El-, E2b-]-E6/E7 plus rat IgG,, isotype control had a delayed tumor growth pattern as
compared to the controls and 2 of the mice had tumor regressions to near baseline level at day 52 post
tumor implantation (Figure 6C). Four of the 7 mice that received Ad5 [El-, E2b-]-E6/E7 and anti-PD1
had tumor regression starting at day 25, and two of these resulted in tumor clearance through the end of
experiment at day 53 (Figure 6D).

[00476] Mice treated with Ad5 [El-, E2b-]-E6/E7 plus rat IgG,, isotype control (Figure 7) also
experienced a survival benefit with 28.6% of the animals surviving at termination of the study whereas
100% of the control mice (Ad5 [El-, E2b-]-null plus rat IgGs, isotype control) and the Ad5 [El-, E2b-]-
null plus anti-PD1 treated mice had to be terminated by day 28 and 32, respectively (Figure 7). Mice
treated with both Ad5 [E1-, E2b-]-E6/E7 and anti-PD1 antibody had the greatest treatment benefit
(Figurc 7), demonstrating delayed tumor growth and a significant improvement (P < 0.0006) in survival
as compared to the controls.

[00477] Mousc anti-rat [gG antibody responses were induced by the second injection (endpoint
antibody titer 1:200 by ELISA, data not shown) with rat anti-PD1 antibody and these responses were
dramatically increased by the third injection (endpoint antibody titer 1:4000 to 1:8000 by ELISA, data
not shown). This anti-rat antibody response may explain why no anti-tumor activity was observed after
injections with anti-PD1 antibody alone. Also, it is likely that the first and possibly the second injections
of anti-PD1 antibody combined with Ad5 [E1-, E2b-]-E6/E7 immunotherapy were effective but the third

injection with anti-PD1 was effectively neutralized by the induced mouse anti-rat IgG response.
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Tumor mieroenvironment following combination immunotherapy

[00478] To analyze cell populations that contributed to delayed tumor growth and survival in Ad5 [El-,
E2b-]-E6/E7 treated mice, tumor infiltrating lymphocytes (TILs) were by flow cytometry. Four groups of
mice were implanted with 2x10° TC-1 cells and began treatment 10 days later with two weekly
immunizations of Ad5 [E1-, E2b-]-E6/E7 plus PD1 antibody. On day 27 whole tumors were collected
and processed as described in the materials and methods. The number of infiltrating CD8" T cells per mg
of tumor was significantly increased in the Ad5 [E1-, E2b-]-E6/E7 treated groups as compared to the
groups that received Ad5 [E1-, E2b-]-null (Figure 8C). Anti-PD1 antibody treatment had little or no
effect on the number of infiltrating CD8" T cells (Figure 8C). There was no difference between any of the
four groups, in terms of the number of infiltrating Tregs (CD4'CD25 Foxp3") per mg of tumor (Figure
8B). However, the increase in CD8" T cells led to a decrease in the Treg:CD8" T cell ratio in the tumor
microenvironment when the mice were treated with the Ad5 [El-, E2b-]-E6/E7 vaccine or Ad5 [El-,
E2b-]-E6/E7 vaccine plus anti-PD1 antibody treatment (Figure 8A).

[00479] To further study the synergistic/additive effect of anti-PD1 antibody to Ad5 [El-, E2b-]-E6/E7
immunotherapy, the expression of PD1, LAG-3, and CTLA-4 was examined on TILs. The expression of
these co-inhibitory molecules on T cells within the tumor microenvironment has been shown to down
regulate activation of antigen-specific T cells. Immunizations with Ad5 [E1-, E2b-]-E6/E7 plus control
antibody treatment significantly increased the fraction of PD1" and LAG-3" CDg&" TILs, whereas,
expression of these co-inhibitory molecules on CD4™ TILs was unaffected by this treatment. The
percentage of (D4~ and CD8" TILs expressing CTLA-4 was not significantly affected by vaccine
treatment (data not shown). Combining anti-PD1 antibody injections with Ad5 [El-, E2b-]-E6/E7
vaccine treatment resulted in a significant reduction in the fraction of PD1" CD8" and CD4" TILs, as
compared with those found in tumors from mice treated with Ad5 [E1-, E2b-]-E6/E7 plus control
antibody (p=0.0083 for CD8" TILs and p=0.0016 for CD4" TILs). Furthermore the fraction of PD1"
CDS8" TILs was decreased to the level of expression observed in the Ad5 [E1-, E2b-]-null treated control
groups, and the fraction of PD1" CD4" TILs was significantly reduced to below that observed in the
control groups (p=0.0016, Figure 9A). In addition, the percentage of LAG-3" CD&" TILs was also
observed to decrease when the Ad5 [E1-, E2b-]-E6/E7 immunization was combined with the anti-PD1
checkpoint inhibitor (p=0.0363, Figure 9B). Since it has previously been shown that vaccine treatment
can enhance PDL1 expression on tumor cells ex vivo, the expression of PDL1 was examined on tumor
cells. There was an augmentation in the median fluorescence intensity of PDL1 on tumor cells after
vaccine treatment. However, PDL1 expression was reduced in mice treated with the combination of AdS
[E1l-, E2b-]-E6/E7 and anti-PD1 antibody, although this level was still significantly expressed above that
observed in AdS [E1-, E2b-]-null treated control mice.
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[00480] In summary, the data demonstrate that AdS [E1-, E2b-]-E6/E7 can induce HPV-E6/E7
directed CMI responses in a dose dependent manner, which results in upregulation of PDLI on
tumor cells. Multiple homologous immunizations in tumor bearing mice with the highest dose of
vaccine resulted in significant anti-tumor activity and increased survival, particularly in mice
bearing small tumors. Importantly, a greater degree of anti-tumor activity was achieved when
immunotherapy with Ad5 [El-, E2b-]-E6/E7 was combined with anti-PD1 in mice with large
tumors. Overall, immunizations with the Ad5 [E1-, E2b-]-E6/E7 vaccine combined with anti-PD1
antibody results in an increase in CD8" and CD4" effector populations that have a less
exhaustive/anergic phenotype and therefore favor the balance to a more pro-inflammatory state in
the tumor microenvironment. The observation that the combined treatment was associated with
reductions in large tumor mass indicates that immunotherapy with AdS [E1-, E2b-]-E6/E7
combined with anti-PD1 antibody might increase clinical effectiveness during the immunotherapy
of patients with HPV-associated head and neck or cervical cancers. Furthermore, the data suggests
that clinical trials with the AdS [E1-, E2b-]-E6/E7 vaccine should be combined with an immune
pathway checkpoint modulator and remains a high priority.

[00481] The various embodiments described above can be combined to provide further
embodiments. Aspects of the embodiments can be modified, if necessary to employ concepts of the
various patents, application and publications to provide yet further embodiments. These and other
changes can be made to the embodiments in light of the above-detailed description. In general, in
the following claims, the terms used should not be construed to limit the claims to the specific
embodiments disclosed in the specification and the claims, but should be construed to include all
possible embodiments along with the full scope of equivalents to which such claims are entitled.

Accordingly, the claims are not limited by the disclosure.

SEQUENCE LISTING
[00482] This description contains a sequence listing in electronic form in ASCII text format.

A copy of the sequence listing is available from the Canadian Intellectual Property Office.
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CLAIMS
WHAT IS CLAIMED IS:
1. A composition comprising:
(a) a recombinant, replication defective adenovirus 5 viral vector comprising an

E2b gene region deletion, an E1 gene region deletion, and a nucleotide sequence encoding a
MUCIT antigen;

(b) a recombinant, replication defective adenovirus 5 viral vector comprising an
E2b gene region deletion, an E1 gene region deletion, and a nucleotide sequence encoding a
Brachyury antigen; and

(©) a recombinant, replication defective adenovirus 5 viral vector comprising an
E2b gene region deletion, an E1 gene region deletion, and a nucleotide sequence encoding a
CEA antigen,

wherein the MUCI1 antigen is a MUC1-C antigen.

2. The composition of claim 1, wherein an amino acid sequence of the MUC1-C antigen

has at least 90% sequence identity to SEQ ID NO: 9.

3. The composition of claim 1 or 2, wherein the nucleotide sequence encoding the

Brachyury antigen comprises SEQ ID NO: 8.

4. The composition of claim 1, 2 or 3, wherein the nucleotide sequence encoding the CEA

antigen comprises SEQ ID NO: 1.

5. The composition of any one of claims 1 to 4, wherein the viral vector comprising the
nucleotide sequence encoding the MUC1-C antigen, the viral vector comprising the nucleotide
sequence encoding the Brachyury antigen, and the viral vector comprising the nucleotide
sequence encoding the CEA antigen comprise a deletion in an E3 gene region, an E4 gene

region, or any combination thereof.
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6. The composition of any one of claims 1 to 5, further comprising an immunogenic
component, wherein the immunogenic component comprises a cytokine selected from the
group of IFN-y, TNFo, IL-2, IL-8, IL-12, IL-18, IL-7, IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, and
IL-13.

7. The composition of any one of claims 1 to 6, wherein a viral vector comprises a
sequence encoding at least two antigens selected from the group consisting of the MUC1-C

antigen, the Brachyury antigen, and the CEA antigen.

8. The composition of any one of claims 1 to 7, wherein an amino acid sequence of the

CEA antigen comprises SEQ ID NO: 10.

9. A composition for treating a subject in need thereof, wherein the composition
comprises:

a recombinant, replication defective adenovirus 5 viral vector comprising an E2b gene
region deletion, an E1 gene region deletion, and a nucleotide sequence encoding a MUC1
antigen, a recombinant, replication defective adenovirus 5 viral vector comprising an E2b gene
region deletion, an E1 gene region deletion, and a nucleotide sequence encoding a Brachyury
antigen; and a recombinant, replication defective adenovirus 5 viral vector comprising an E2b
gene region deletion, an E1 gene region deletion, and a nucleotide sequence encoding a CEA
antigen, characterized in that the composition is for administration to the subject in need
thereof; and

induces an immune response against the MUC1 antigen, the Brachyury antigen, or the
CEA antigen or cells expressing the MUC1 antigen, the Brachyury antigen, or the CEA
antigen,

wherein the subject in need thereof has cancer,

wherein the MUC] antigen is a MUC1-C antigen.

10.  The composition of claim 9, wherein the composition comprises 5x10'! virus particles

(VPs) of the viral vector comprising the nucleotide sequence encoding the MUC1-C antigen, at
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least 5x10!! virus particles (VPs) of the viral vector comprising the nucleotide sequence
encoding the Brachyury antigen, and at least 5x10!! virus particles (VPs) of the viral vector

comprising the nucleotide sequence encoding the CEA antigen.

11. The composition of claim 9 or 10, wherein the immune response is at least 2, 3,4, 5, 6,

7,8,9,10, 15, 20, or 25 fold over basal.

12. The composition of claim 9, 10, or 11, wherein the immune response is measured as
antigen specific antibody response, as antigen specific cell-mediated immunity (CMI), as
antigen specific IFN-y secretion, as antigen specific IL-2 secretion, by ELISpot assay, or any

combination thereof.

13.  The composition of any one of claims 9 to 12, wherein the compound is for

subcutaneous administration.

14.  The composition of any one of claims 9 to 13, wherein the subject has colorectal
adenocarcinoma; metastatic colorectal cancer; advanced MUC1-C, Brachyury, or CEA

expressing colorectal cancer; breast cancer; lung cancer; bladder cancer; or pancreas cancer.

15.  The composition of any one of claims 9 to 14, wherein the subject in need thereof is a
human.
16.  The composition of any one of claims 9 to 15, wherein an amino acid sequence of the

MUCI1-C antigen has at least 90% sequence identity to SEQ ID NO: 9, the nucleotide sequence
encoding the Brachyury comprises SEQ ID NO: 8, the nucleotide sequence encoding the CEA

antigen comprises SEQ ID NO: 1, an amino acid sequence of the CEA antigen comprises SEQ

ID NO: 10, or any combination thereof.
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