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METHODS TO ELICIT, ENHANCE AND SUSTAIN IMMUNE RESPONSES
AGAINST MHC CLASS-I RESTRICTED EPITOPES,
FOR PROPHYLACTIC OR THERAPEUTIC PURPOSES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of the filing date of
U.S. Provisional Patent Application Serial Nos. 60/831,256, filed on June 14,
2006, and 60/863,332 filed on October 27, 2006, each of which is hereby

incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] Embodiments of the invention disclosed herein relate to
methods and compositions for combination immunotherapeutic and
chemotherapeutic regimens for prophylactic or therapeutic uses. Particular
embodiments relate to chemotherapeutic agents, iImmunogenic compositions,
their nature and the order, timing, and route of administration by which they are
effectively used.

BACKGROUND

[0003] Globally suppressed T-cell function has been described in
many patients with cancer to be a major hurdle for the development of clinically
efficient cancer immunotherapy. Inhibition of antitumor immune responses has
been mainly linked to inhibitory factors present in cancer patients. A major
barrier to successful antitumor vaccination is tolerance of high-avidity T ceils

specific to tumor antigens.

SUMMARY OF THE INVENTION

[0004] One embodiment of the invention includes a method of
immunization including the steps of: contacting a tumor in a patient with a
chemotherapeutic agent, wherein the chemotherapeutic agent promotes tumoral

inflammation and / or interfering with T-regulatory cell function; and inducing a

1
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patient a first composition that includes an immunogen, and the immunogen
includes or encodes at least part of a first antigen, and further includes an
immunopotentiator; and administering a second composition, including an

amplifying peptide, directly to a lymphatic system of the patient, wherein the
peptide corresponds to an epitope of said first antigen. Preferably, the contacting

and inducing steps result in an enhanced effectiveness of treatment beyond the
effectiveness of either of the contacting step or the inducing step alone.

[0005] In some embodiments of the invention, the first composition and
the second composition are the same. Alternatively, the first composition and
the second composition are not the same. In some embodiments, the first
composition includes, for example, a nucleic acid encoding the antigen or an
immunogenic fragment thereof. In some embodiments the first composition
includes a nucleic acid capable of expressing the antigen or an immunogenic
fragment thereof in a pAPC. In some embodiments the first composition
includes, for example an immunogenic polypeptide and an immunopotentiator, or
the like. In some embodiments of the invention the immunogenic bolypeptide IS
the amplifying peptide.

(00061 In some embodiments of the invention, the immunogenic
polypeptide is the first antigen. In some embodiments the immunopotentiator is
a cytokine. In some embodiments the immunopotentiator is a toll-like receptor

ligand. In some embodiments the second composition further includes an
adjuvant. In some embodiments of the invention the second composition is

adjuvant-free and immunopotentiator-free. In some embodiments the delivering
substep includes administration to more than one site. In some embodiments
the delivering substep includes, for example, direct administration to the
lymphatic system of the patient. In some embodiments direct administration to

the lymphatic system of the patient includes, for example, direct administration to
a lymph node or lymph vessel.

[0007]) Still further embodiments include generating an antigen-specific
tolerogenic or regulatory immune response. The methods can include

periodically administering a composition, including an adjuvant-free peptide,
| 2
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directly to the lymphatic system of a patient, wherein the peptide corresponds to
an epitope of the antigen, and wherein the patient can be epitopically naive, and
administering a chemotherapeutic agent simultaneously, or after delivering the
first or second composition. The methods further can include obtaining,
detecting and assaying for a tolerogenic or regulatory T cell immune response.
The immune response can assist in treating an inflammatory disorder or cancer,
for example. The inflammatory disorder can be, for example, from a class |
MHC-restricted immune response. The immune response can include
production of an immunosuppressive cytokine, for example, IL-5, IL-10, or TGB-
R, and the like. The cancer can be a breast cancer, an ovarian cancer, a
pancreatic cancer, a prostate cancer, a colon cancer, a bladder cancer, a lung
cancer, a liver cancer, a stomach cancer, a testicular cancer, an uterine cancer,
a brain cancer, a lymphatic cancer, a skin cancer, a bone cancer, a kidney
cancer, a rectal cancer, a melanoma, a glioblastoma, or a sarcoma.

rooosl] Insome embodiments of the invention direct administration is to
two or more lymph nodes or lymph vessels. In some embodiments the lymph
node is selected from the group consisting of, for example, inguinal, axillary,
cervical, and tonsilar lymph nodes, and the like.

(00091 In some embodiments of the invention the CTL response is
specific for the first antigen. In some embodiments the epitope is a
housekeeping epitope. In some embodiments the first and second compositions
include a carrier suitable for direct administration to the lymphatic system or a
lymph node or the like. In some embodiments of the invention the epitope is an
immune epitope. In some embodiments the delivering substep or the
administering substep includes a single bolus injection. In some embodiments
the delivering substep or the administering substep includes repeated bolus
injections. In some embodiments the delivering substep or the administering
substep includes a continuous infusion.

[0010] In some embodiments of the invention the chemotherapeutic
agent downregulates or depletes T-regulatory cell activity thereby promoting or

enhancing effector T cell activity within, for example, a tumor or cancer cell or
3
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the like. In some embodiments, interfering with T-regulatory cell function

includes, for example, a reduction in the number of T-regulatory cells. In some
embodiments, the reduction in number of T-regulatory cells is measured using
flow cytometry. In some embodiments the reduction in number of T-regulatory

cells is measured using markers such as, for example CD4+, CD25+,FoxP3HI,
or the like.

[0011] In some embodiments of the invention, interfering with T-
regulatory cell function includes impairing the activity of T-regulatory cells. In
some embodiments, the activity of T-regulatory cells is measured, for example,
by isolating T-regulatory cells from the patient, incubating the isolated cells with
effector cells in a standard assay of effector cell function, and measuring effector
cell activity. In some embodiments, the standard assay of effector cell function is
selected from the group consisting of. a CTL assay, an elispot assay, and a
proliferation assay. In some embodiments, the effector T cell response can be
detected by at least one indicator for example, a cytokine assay, an Elispot

assay, a cytotoxicity assay, a tetramer assay, a DTH-response, a clinical
response, tumor shrinkage, tumor clearance, inhibition of tumor progression,

decrease pathogen titer, pathogen clearance, amelioration of a disease
symptom, and the like.

[0012] In some embodiments of the invention, the chemotherapeutic
agent is selected from the group including, for example, cyclophosphamide,
gemcitabine, fludarabine, doxorubicin, and the like. In some embodiments the
chemotherapeutic agent is cyclophosphamide. the contacting step is performed
upon observation of rising T-regulatory cell function, or induction of abnormai cell
proliferation, or tumor growth. In some embodiments, the contacting and
inducing steps are repeated in two or more cycles. In some embodiments the
contacting and inducing steps are repeated until, for example, a reduction in T-

regulatory cell activity or a regression of abnormal cell proliferation or tumor
growth, or the like, is achieved.

[0013] In some embodiments of the invention, the contacting step

precedes the inducing step. In some embodiments the contacting step is
4
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repeated prior to the inducing step. In some embodiments the contacting step is
completed about one week prior to the inducing step. In some embodiments, the
contact step is completed 6, 7, 8, or 9 days prior to the inducing step. In some
embodiments the contacting step is repeated prior to the administering substep
of the inducing step. In some embodiments the delivering substep and the
administering substep are carried out on different days. In some embodiments

the delivering substep and the administering substep are carried out on at least
about 2, 3, 4, 5, 6, or 7 days apart.

[0014] In some embodiments of the invention the delivering substep of
the inducing step occurs after the contacting step. In some embodiments the
delivering substep includes administering one or more peptides corresponding to

an epitope of the antigen prior to or after administering a chemotherapeutic
agent.

r0015] Some embodiments of the invention also include administering
at least one mode of treatment, for example radiation therapy, gene therapy,
biochemotherapy, surgery, and the like, in addition to the combination
chemotherapeutic/immunotherapeutic regimen. In some embodiments the at
least one mode of treatment is provided prior to or during the contacting step. In
some embodiments the at least one mode of treatment is provided prior to the
contacting and inducing steps. In some embodiments, the at least one mode of
treatment is completed prior to commencing the contacting and inducing steps of
the chemotherapeutic/immunotherapeutic regimen. Thus, in some
embodiments, complete remission is attained prior to commencing the
contacting and inducing steps. In other embodiments, complete remission is not
necessarily attained prior to commencing the combination
chemotherapeutic/immunotherapeutic regimen. In one embodiment, the at least
one mode of treatment is administered after one, two, or more compliete cycles
of the contacting and inducing step of the chemotherapeutic/immunotherapeutic
regimen. In another embodiment, the at least one mode of treatment is
administered in conjunction with the contacting and inducing steps of the
chemotherapeutic/immunotherapeutic regimen.

5
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(00161 The antigen can be a disease-associated antigen, and the
disease-associated antigen can be a tumor-associated antigen, or a pathogen-
associated antigen. Embodiments include methods of treating a disease, such
as cancer, utilizing the described method of immunizing. An antigen as
contemplated herein can be a target-associated antigen. The target can be a
neoplastic cell, a pathogen-infected cell, and the like. For example, any
neoplastic cell can be targeted. Pathogen-infected cells can include, for

example, cells infected by a bacterium, a virus, a protozoan, a fungus, and the
like, or affected by a prion, for example.

[0017]1 Some embodiments of the invention are directed toward the
use of a chemotherapeutic agent and a CTL inducing combination medicament
in the manufacture of an immunizing combination medicament, where the
chemotherapeutic agent achieves at least one of, for example, promoting
tumoral inflammation and interfering with T-regulatory cell function; and where
the CTL combination medicament includes a first composition for delivering to a
patient, and the first composition includes an immunogen, and the immunogen
includes or encodes for at least part of a first antigen or an immunogenic
fragment thereof; and a second composition for administering directly to a
lymphatic system of the patient, with the second composition including a peptide,
and the peptide corresponds to an epitope of the first antigen; and where the
combination results an enhanced effectiveness of treatment beyond the
effectiveness of either of the chemotherapeutic agent or the CTL inducing
combination medicament alone.

[0018] Further embodiments can include sets of immunogenic
compositions for inducing a class | MHC-restricted immune response in a patient
including 1-6 entraining doses and at least one amplifying dose, wherein the
entraining doses can include an immunogen or a nucleic acid encoding an
immunogen, and wherein the amplifying dose can include a peptide epitope, and
wherein the epitope can be presented by pAPC, and wherein the sets further
include, or are for use with, a chemotherapeutic agent. The nucleic acid
encoding the immunogen further can include an immunostimulatory sequence

6
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which can be capable of functioning as the immunopotentiating agent. The
immunogen can be a virus or replication-competent vector that can include or
can induce an immunopotentiating agent. The immunogen can be a bacterium,
bacterial lysate, or purified cell wall component. Also, the bacterial cell wall
component can be capable of functioning as the immunopotentiating agent. The
immunopotentiating agent can be, for example, a TLR ligand, an
immunostimulatory sequence, a CpG-containing DNA, a dsRNA, an endocytic-
Pattern Recognition Receptor (PRR) ligand, an LPS, a quillaja saponin,
tucaresol, a pro-inflammatory cytokine, and the like. In some preferred
embodiments for promoting multivalent responses the sets can include mulitiple
entraining doses and/or multiple amplification doses corresponding to various
individual antigens, or combinations of antigens, for each administration. The
multiple entrainment doses can be administered as part of a single composition

or as part of more than one composition. The sets can optionally include at least
one chemotherapeutic agent.

[0019] The amplifying doses can be administered at disparate times
and/or to more than one site, for example. The chemotherapeutic agent can be
administered prior to, during, or after any of the entraining doses and/or the

amplifying doses. In some embodiments, the chemotherapeutic agent Is
administered after initiation of the immunotherapeutic protocol.

[0020] An amplifying peptide used in the various embodiments
corresponds to an epitope of the immunizing antigen. In some embodiments,
correspondence can include faithfully iterating the native sequence of the
epitope. In some embodiments, correspondence can include the corresponding
sequence can be an analogue of the native sequence in which one or more of
the amino acids have been modified or replaced, or the length of the epitope
altered. Such analogues can retain the immunologic function of the epitope (i.é.,
they are functionally similar). In particular embodiments the analogue has similar
or improved binding with one or more class | MHC molecules compared to the
native sequence. In other embodiments the analogue has similar or improved
immunogenicity compared to the native sequence. Strategies for making

7
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analogues are widely known in the art. Exemplary discussions of such strategies
can be found in U.S. Patent Application Nos. 10/117,937 (Pub. No. 2003-
0220239 A1), filed on April 4, 2002; and 10/657,022 (Publication No.
20040180354), filed on September 5, 2003, both entitled EPITOPE
SEQUENCES: and U.S. Provisional Patent Application No. 60/581,001, filed on
June 17, 2004 and U.S. Patent Application No. 11/156,253 (Pub. No. 2006-
0063913), filed on June 17, 2005, both entitled SSX-2 PEPTIDE ANALOGS; and
U.S. Provisional Patent Application No. 60/580,962 and U.S. Patent Application
No. 11/155,929 (Pub. No. 20060094661), filed on June 17, 2005, both entitled
NY-ESO PEPTIDE ANALOGS:; each of which is hereby incorporated by
reference in its entirety.

[0021] Some embodiments relate to uses of a peptide in the
manufacture of an adjuvant-free medicament for use in an entrain-and-amplify
immunotherapy/chemotherapeutic combination protocol. The compositions, Kits,
immunogens and compounds can be used in medicaments for the treatment of
various diseases such as but not limited to cancer, to amplify immune
responses, to generate particular cytokine profiles, and the like, as described
herein. Embodiments relate to the use of adjuvant-free peptide in a method of
amplifying an immune response.

[0022] In some embodiments, the combination
immunotherapeutic/chemotherapeutic strategies disclosed herein include
methods, uses, therapies and compositio’ns related to epitopes with specificity
for MHC, including, for example, as disclosed in U.S. Provisional Application No.
60/640,402, filed on December 29, 2004, and U.S. Application No. 11/323,572
(Pub. No. 20060165711), filed on December 29, 2005, all of which are entitied
“METHODS TO ELICIT, ENHANCE AND SUSTAIN IMMUNE RESPONSES
AGAINST MHC CLASS I-RESTRICTED EPITOPES, FOR PROPHYLACTIC OR
THERAPEUTIC PURPOSES”. Other embodiments include one or more of the
MHCs as disclosed in U.S. Provisional Application No. 60/640,402, filed on
December 29, 2004, and U.S. Application No. 11/323,572 (Pub. No.

20060165711), filed on December 29, 2005, all of which are entitied “METHODS
8




CA 02657771 2009-01-14
WO 2008/008541 PCT/US2007/016075

TO ELICIT, ENHANCE AND SUSTAIN IMMUNE RESPONSES AGAINST MHC
CLASS I-RESTRICTED EPITOPES, FOR PROPHYLACTIC OR THERAPEUTIC
PURPOSES”", including combinations of the same, while other embodiments
specifically exclude any one or more of the MHCs or combinations thereof. U.S.
Provisional Application No. 60/640,402, filed on Décember 29, 2004, and U.S.
Application No. 11/323,572 (Pub. No. 20060165711), filed on December 23,
2005, all of which are entitled “METHODS TO ELICIT, ENHANCE AND
SUSTAIN IMMUNE RESPONSES AGAINST MHC CLASS I-RESTRICTED
EPITOPES, FOR PROPHYLACTIC OR THERAPEUTIC PURPOSES” (each of

which is incorporated herein by reference in its entirety) include frequencies for
the listed HLA antigens.

(00231 Various antigen combinations are provided in U.S. Application
No. 10/871,708 (Pub. No. 20050118186), filed on June 17, 2004, entitled
COMBINATIONS OF TUMOR-ASSOCIATED ANTIGENS IN COMPOSITIONS
FOR VARIOUS TYPES OF CANCERS; and U.S. Provisional Application No.
60/640,598, filed on December 29, 2004, and in U.S. Application No. 11/323049
(Pub. No. 20060159694), filed on December 29, 2005, both also entitled
COMBINATIONS OF TUMOR-ASSOCIATED ANTIGENS IN COMPOSITIONS
FOR VARIOUS TYPES OF CANCERS, each of which is incorporated herein by
reference in its entirety. Preferably the antigen, including antigen A or B can be
SSX-2, Melan-A, Tyrosinase, PSMA, PRAME, NY-ESO-1, or the like. Many
other antigens are known to those of ordinary skill in the art. 1t should be
understood that in this and other embodiments, more than two compositions,
immunogens, antigens, epitopes and/or peptides can be used. For example,
three, four, five or more of any one or more of the above can be used.

[0024] In combination with the immunotherapeutic/chemotherapeutic
strategy disclosed herein, other therapeutic strategies can also be employed.
For example, the combination immunotherapeutic/chemotherapeutic strategy
can be used in combination with, for example, but not limited to, radiotherapy,
biotherapy, gene therapy, hormonal therapy, or surgery, and the like.
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[0025]1 Therefore, the present invention provides a method of treating a
subject having a cancer or tumor comprising providing an immunotherapeutic
regimen in combination with a chemotherapeutic composition further combined
with at least one mode of treatment selected from the group of radiation therapy,
chemotherapy, gene therapy biochemotherapy, and surgery.

[0026] Combination of immunotherapeutic/chemotherapeutic
strategies, as disclosed herein, with additional treatment modalities can increase
the susceptibility of tumoral processes to the elicited immune response and
thereby result in increased therapeutic benefit. In some embodiments, the
therapeutic benefit is synergistically enhanced. Tumor debulking prior to or
during immunotherapy/chemotherapy increases the potential for any particular
level of immune response to slow or halt disease progression or to bring about
tumor regression or elimination. Additionally, tissue damage, necrosis, or
apoptosis initiated with antibody therapy, radiotherapy, biotherapy,
chemotherapy, passive immunotherapy (including treatment with mono- and/or
polyclonal antibodies, recombinant TCR, and/or adoptive transfer of CTL or other
cells of the immune system, or activators of the inate immune system such as
CpG oligonucleotides and other TLR ligands) or surgery, can facilitate the
immunotherapeutic/chemotherapeutic approach via general inflammation
resulting in recruitment of immune effector cells including antigen-specific
effectors. In general, any method to induce a transient or more permanent
general inflammation within one or multiple tumors / metastatic lesions can
facilitate the active immunotherapy. Alternatively or in addition to enabling
recruitment of effectors, general inflammation can also increase the susceptibility
of target cells to immune mediated attack (e.g., as interferons increase
expression of target molecules on cancer cells and underlying stromay.

(00271 In preferred embodiments, delivering the immunotherapeutic
can include direct administration to the lymphatic system of the patient. The

direct administration to the lymphatic system of the patient can include direct
administration to a lymph node or lymph vessel. The direct administration can

10
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be to two or more lymph nodes or lymph vessels. The lymph node can be, for
example, inguinal, axillary, cervical, and tonsilar iymph nodes.

[0028] In some embodiments, delivering or administering the
immunotherapeutic can include delivering as a single bolus injection or repeated
bolus injections, for example. In some embodiments, delivering or administering
the immunotherapeutic can include a continuous infusion, which for example,

can have duration of between about 8 to about 7 days. The method can include
an interval between termination of the delivering step and beginning the

administering step, wherein the interval can be at least about seven days. Also,
the interval can be between about 7 and about 14 days, about 17 days, about 20
days, about 25 days, about 30 days, about 40 days, about 50 days, or about 60

days, for example. The interval can be over about 75 days, about 80 days,
about 90 days, about 100 days or more.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Those of skill in the art will understand that the drawings,
described below, are for illustrative purposes only. The drawings are not
intended to limit the scope of the present teachings in any way.

[0030] Figure 1 depicts tumor protection in mice prophylactically
immunized with E749.57 peptide from HPV16.

[0031] Figure 2 illustrates substantial regression of tumors in mice
therapeutically immunized with E749.57 peptide from HPV16 on days 7, 10, 21,
and 24 following tumor challenge as compared to the control group (p<0.0001).

[0032] Figure 3 shows a correlation of the immune response with that
of tumor eradication in cured mice versus relapsing mice immunized with E749.57
peptide from HPV16 (p=0.04 ).

[0033] Figure 4 shows that relapsing mice immunized with an
additional boost of E749.57 peptide showed a significant immune response but no
measurable increase in tumor efficacy.

11
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[0034] Figure 5 shows a large percentage of antigen specific tumor
infiltrating lymphocytes (TILs) in mice immunized with E749-57 peptide from
HPV16 as compared to the control mice group.

[0035] Figure 6 depicts an increase in the number of CD4"CD25"Fox
P3" T-regulatory cells in tumor bearing mice (Panel B) compared to naive (Panel
A), cured (Panel D), and cyclophosamide (100mg/kg) injected mice (Panels C).

Panel E shows the average percentage of T-regulatory cells in the spleen of
mice from Panels A-D.

'[0036] Figure 7 depicts the immuno-modulatory effects of combining
the E749.57 peptide immunotherapeutic regimen and cyclophosphamide.

[0037] Figure 8 depicts the immunological protection from
disseminated disease in mice injected with HPV-16 peptide or HPV-16 peptide
and dsRNA (polylC). Panel A shows Tetramer staining on Day 25 from

peripheral blood. Panel B shows the percent survival for each group of mice.

[0038] Figure 9 depicts the anti-tumor efficacy of intranodal versus
conventional dosing of HPV-16. Panel A shows the tumor size for each group.

Panel B shows Tetramer staining on Day 31 from peripheral blood.

[0039] Figure 10 depicts the reduction in the level of T-regs in mice
bearing HPV-16 transformed tumors in the presence of cyclophosphamide.

Panel A and Panel B show the reduction of T-regs in spleen. Panel C shows the
reduction of T-regs in tumor.

[0040]1 Figure 11 depicts the efficacy of adjunctive therapy in late stage
cancer. Panel A shows tumor progression in the presence of cyclophosphamide
or E740.57 immunotherapy. or the combination of cyclophosphamide and E749.57
immunotherapy. Panel B shows the immune response in mice treated with

cyclophosphamide or E749.57 immunotherapy, or the combination of
cyclophosphamide and E749.57 immunotherapy.

[0041] Figure 12 depicts the effect of adjunctive therapy on survival in
mice treated with chemotherapy and immunotherapy.
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[0042] Figure 13 depicts subcutaneous immunotherapy dosing arm
and tumor efficacy resulting from subcutaneous versus intra-lymphatic
immunotherapy. |

[0043] Figure 14 depicts adjuvant efficacy, showing that active
immunotherapy improves progression free survival and time to relapse post
primary tumor removal, by chemotherapy or surgery.

[0044] Figure 15 depicts neoadjuvant efficacy, showing that active
immunotherapy improves the rate of response and showing clinical benefit when
applied prior to primary tumor treatment, by chemotherapy or surgery.

[0045] Figure 16 depicts consolidation therapy, showing that active

immunotherapy improves progression free survival and time to progression post
chemotherapy.

[0046] Figure 17 depicts adjunctive therapy, showing that active

immunotherapy improves the rate of response when it accompanies surgery or
chemotherapy.

DETAILED DESCRIPTION OF THE INVENTION

[0047] Previous immunization protocols have shown a reduced

production of T-regulatory cells. However, previously, it was not known whether
it would be possible to enhance the effectiveness of an immune response by

further depleting T-regulatory cells. For example, it was not known whether
further depletion would have any additional effect on the immune response.
Likewise, it was not known whether use of a chemotherapeutic agent would have
a negative impact on cytotoxic T lymphocyte (CTL) activation and function, that
would offset any potential benefit of T-regulatory cell depletion. Herein is
reported the unexpected result that chemotherapeutic agents that downregulate
or deplete T-regulatory cells can be used in conjunction with “entrain and
amplify” immunotherapeutic protocols with enhanced results.

[0048] A two-stage immunization protocol for the generation of a
robust CTL response has previously been described. See U.S. Provisional
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Application No. 60/479,393, filed on June 17, 2003, entitlted METHODS TO
CONTROL MHC CLASS I-RESTRICTED IMMUNE RESPONSE; U.S.
Application No. 10/871,707 filed on June 17, 2004 (Pub. No. 20050079152),
U.S. Provisional Application No. 60/640,402, filed on December 29, 2004, and
U.S. Application No. 11/323,572 (Pub. No. 20060165711), filed on December 29,
2005, all three of which are entitled "METHODS TO ELICIT, ENHANCE AND
SUSTAIN IMMUNE RESPONSES AGAINST MHC CLASS I-RESTRICTED
EPITOPES, FOR PROPHYLACTIC OR THERAPEUTIC PURPOSES.” Each of
the applications, including all methods, figures, and compositions, is
incorporated herein by reference in its entirety. The initiating stage, referred to as
induction or entrainment, includes immunization against a target antigen so as to
induce at least a minimal response to at least one CTL epitope. In preferred
embodiments it includes an immunopotentiating agent to entrain an effector
response. In a preferred embodiment, this is accomplished by intranodal
administration of 1) a plasmid causing expression of the CTL epitope and having
a CpG immunostimulatory sequence, or 2) an epitopic peptide and an
immunopotentiator such as dsRNA or a CpG oligonucleotide. However in other
embodiments it is possible to use more traditional compositions and routes of
administration. The initiation stage can include a single bolus injection, multiple
injections within a few days of each other, or continuous infusion for several (e.g.
3-7) days. Such a course can be repeated at intervals, typically of 1 to 3 weeks,

typically for a total of 2 or 3 courses, but more courses, or just a single course,
are also possible.

[0049] Inthe second stage of the immunization protocol, referred to as
amplification, an epitopic peptide corresponding to the CTL epitope against
which a response was induced in the first stage is administered to the lymphatic
system, preferably intranodally. It is not nhecessary to include an
immunopotentiator or other adjuvant, although one can be present in some
embodiments. For example, epitopic peptide pius dsRNA can be used as both
an entraining and an amplifying composition. The schedule and mode of
administration can be similar to that described above for the initiation stage,

14



CA 02657771 2009-01-14

WO 2008/008541 PCT/US2007/016073

however, typically somewhat more courses (2 to 4 or more rather than 1 to 3 or
more) are administered and the interval between courses, as well as between
the stages, can be 1 to 3 or more weeks extending to several months. A course
of inducing doses followed by a course of amplifying doses Is referred to as a
therapeutic cycle. Treatment will generally involve multiple therapeutic cycles.

(00501 It was found that by using these particular compositions in the
above-described order (the entrain-and-amplify immunization protocol) it was
possible to generate large numbers of antigen specific CD8+ T cells with stable
effector (e.g., CTL) phenotype. This was in contrast to alternative protocois. For
example intranodal administration of epitopic peptide can generate a
cytotoxic/cytolytic T cell (CTL) response, attempts to further amplify this
response with further injections.can lead to the expansion of a regulatory T cell
population and a diminution of observable CTL activity. The design, practice and
effects of such immunization protocols are fully described in U.S. Provisional
Application No. 60/479,393, filed on June 17, 2003, entitled METHODS TO
CONTROL MHC CLASS I-RESTRICTED IMMUNE RESPONSE; U.S.

Application No. 10/871,707 filed on June 17, 2004 (Pub. No. 20050079152),
U.S. Provisional Application No. 60/640,402, filed on December 29, 2004, and
U.S. Application No. 11/323,572 (Pub. No. 20060165711), filed on December 29,
2005, all three of which are entitled “METHODS TO ELICIT, ENHANCE AND
SUSTAIN IMMUNE RESPONSES AGAINST MHC CLASS I-RESTRICTED
EPITOPES, FOR PROPHYLACTIC OR THERAPEUTIC PURPOSES® each of
which are hereby incorporated by reference in their entirety.

(00511 The tumor environment is often refractory to immunological
attack. It is desirable in cancer immunotherapy to make the tumor environment
less refractory so as to increase the activity of CTL or other effector T cells within
the tumor and to improve the overall efficacy of treatment. As used herein,
“efficacy” refers to the ability of a chemotherapeutic and/or immunogenic
composition or of a combination treatment to achieve a desired action or resulit.
One possible approach is to combine immunotherapy with use of
chemotherapeutic agents that deplete or down-regulate regulatory T cells (Treg)
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or that increase the pro-inflammatory nature of the tumor environment.
Traditionally, active immunotherapy and chemotherapy have been separated in
time to avoid impairing or preventing the immune response. Moreover, as the
immunization protocol above generates reduced numbers of Treg cells it was not
clear that it could be improved by further depletion of this population. It has now
been found that it is indeed possible to combine an entrain-and-amplify
immunization protocol with use of a chemotherapeutic agent such that the
overall effectiveness of the combined treatment is greater than the effectiveness
of the chemotherapeutic or the entrain-and-amplify immunization protocol alone.
Indeed the combination was synergistic as substantial tumor regression was

obtained under conditions in which either treatment alone had no effect on tumor
growth.

roos21 In other embodiments of the invention the combination
immunotherapy/chemotherapy protocol can incorporated into standard oncology
therapy paradigms such as Adjunctive or Consolidation Therapy, involving
surgery, radiation, or higher doses of chemotherapy, and the like.

[0053]1 In other embodiments of the invention the combination
immunotherapy/chemotherapy protocol can incorporated into standard oncology
therapy paradigms such as Adjunctive or Consolidation Therapy, involving
surgery, radiation, or higher doses of chemotherapy, and the like.

[0054] In combining chemotherapy and immunotherapy, the dose of
chemotherapeutic agent chosen by the practitioner can generally be less than
that used for direct cytotoxicity against the tumor cells, but great enough to be
lymphocytotoxic. In some embodiments, the chemotherapeutic agent can impair
the function of Treg cells without necessarily depleting them. Such treatment can
impair, whether by depletion or deactivation, the functionality of Treg cells

resident in the tumor, thereby making the tumor environment less refractory to
effector T cells, such as CTL. Additionally, although the dosage of

chemotherapeutic agent used is insufficient to shrink tumors or halt their growth,
there can still be cellular damage contributing to a more pro-inflammatory
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environment within the tumor, thereby promoting the recruitment and activity of
effector T cells.

[0055] In some embodiments, the chemotherapeutic agent is
administered in the week prior to initiating immunization. As the Treg resident in
the tumor are depleted and the immunization protocol is biased against the
generation of Treg, a robust effector response is obtained and tumor shrinkage
or eradication is observed. In other embodiments of the invention, the
chemotherapeutic agent is administered in the interval between the induction
stage and the amplification stage, between courses of the amplifying
composition, or between therapeutic cycles. In preferred embodiments of each of
these cases, chemotherapy is initiated approximately a week (6, 7, 8, or 9 days)
prior to beginning the next course of immunization. If multiple doses of the
chemotherapeutic agent are to be given it is generally preferred that that last
dose be given 0, 1, or 2 days prior to beginning the next course of immunization.

[0056] In various embodiments the above, combination therapy Is
carried out in various relations to other cancer therapies. It can be used in an
adjuvant setting to increase the likelihood of a cure. That is, the cancer can be
put into complete remission by a tumor ablative treatment such as, for example,
but not limited to, surgical removal, irradiation, or chemotherapy with doses that
are directly cytotoxic to the cancer cells, and the like. The combination therapy is
subsequently undertaken, resulting in a decreased rate of relapse and increased
interval of disease-free survival. In various embodiments it is preferred that the
combination protocol commence within four days, one week, or two weeks of the
completion of the initial treatment. In some but not all embodiments involving
direct chemotherapy as the initial treatment, no additional administration of the
chemotherapeutic agent is required and it is the immunization portion of the
combination therapy that commences within the stated interval.

[0057] In other embodiments, generally with less bulky disease, the
combination therapy can be used in a neoadjuvant setting. That is, at least one
therapeutic cycle of the combination therapy is completed prior to a tumor

ablative treatment such as, for example, but not limited to, surgery, radiation, or
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direct chemotherapy. In various embodiments, the tumor ablative treatment is
commenced within four days, one week, or two weeks of the completion of the
therapeutic cycle. These patients display an increased rate of complete and

partial remission and a decreased rate of relapse at the same site or a remote
site, plus an increased median disease free survival.

[0058] In still other embodiments the combination therapy is used as
consolidation therapy. This resembles the adjuvant setting above except that
complete remission is not necessarily attained. The combination therapy
produces an increased time to progression, and progression-free survival (in the

case of partial remission) and increased time to relapse (in the case of complete
remission).

[0059] In yet other embodiments the combination therapy can be used
as adjunctive therapy, that is, in further combination with a tumor ablative
treatment to increase that treatment's efficacy. In contrast to adjuvant therapy as
described above in which the combination therapy is not initiated until the
primary treatment is complete, here the two treatments are used together to
increase the rate of response (that is of partial or complete remission). The
actual schedule of the two treatments can be similar to those above, but
therapeutic cycles of the combination therapy can be alternated with rounds of
the primary treatment such as chemotherapy or radiation. In alternative
embodiments, surgery can be carried out during the time interval of a therapeutic
cycle of the combination therapy, preferably in the interval between the induction

and amplification stages or in an interval between courses of the amplification
composition.

[0060] Embodiments of the invention disclosed herein provide a novel
approach to overcome the deficiencies in the art by targeting APC in situ through

intra-lymphatic administration of plasmids designed to prime an anti-tumor CTL
response, followed by boosting with peptide epitopes to dramatically expand and
activate the pool of antigen specific T cells, wherein a chemotherapeutic agent is
administered prior to, during, or after the targeting or boosting steps. Ina

particular embodiment, the chemotherapeutic agent is cyclophosphamide.
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[0061] Some embodiments provide methods and compositions, for
example, for generating immune cells specific to a target cell, for directing an
effective immune response against a target cell, or for affecting/treating
proliferative cell disorders. Proliferative cell disorders include for example,
cancers or tumors such as, but not limited to, those of the prostate, ovary,
breast, skin, lung, or kidney.

[0062] The methods and compositions can include, for example,
immunogenic compositions such as vaccines and therapeutics, and also
prophylactic and therapeutic methods. By selecting the form of antigen, the
sequence and timing with which it is administered, and delivering the antigen
directly into secondary lymphoid organs, not only the magnitude, but the
qualitative nature of the immune response can be managed, and that combining

this approach with additional therapeutic strategies such as chemotherapy,
enhances the efficacy of treatment.

[0063] Some preferred embodiments relate to compositions and
methods for entraining and amplifying a T cell response for use in combination
with a chemotherapeutic agent. For example such methods can include an
entrainment step wherein a composition containing a nucleic acid encoded
immunogen is delivered to an animal. The composition can be delivered to
various locations on the animal, but preferably is delivered to the lymphatic
éystem, for example, a lymph node or an area of lymphatic drainage. The
entrainment step can include one or more deliveries of the composition, for
example, spread out over a period of time or in a continuous fashion over a
. period of time. Preferably, the methods can further include an ampilification step
comprising administering a composition containing an epitopic peptide
immunogen. The amplification step can be performed one or more times, for
example, at intervals over a period of time, in one bolus, or continuously over a
period of time. Although not required in all embodiments, some embodiments of
the amplification step can include the use of compositions that include an
immunopotentiator or adjuvant. The chemotherapeutic agent can be
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administered prior to, during, or after either an entrainment or amplifying dose.
In one embodiment, prior to or after an entrainment dose.

(00641 Each of the disclosures of the following applications, including
all methods, figures, and compositions, is incorporated herein by reference in its
entirety: U.S. Provisional Application No. 60/479,393, filed on June 17, 2003,
entitted METHODS TO CONTROL MHC CLASS I-RESTRICTED IMMUNE
RESPONSE: U.S. Application No. 10/871,707 filed on June 17, 2004 (Pub. No.
20050079152), U.S. Provisional Application No. 60/640,402, filed on December
29, 2004, and U.S. Application No. 11/323,572 (Pub. No. 20060165711), filed on
December 29, 2005, all three of which are entitled “METHODS TO ELICIT,
ENHANCE AND SUSTAIN IMMUNE RESPONSES AGAINST MHC CLASS |-
RESTRICTED EPITOPES, FOR PROPHYLACTIC OR THERAPEUTIC
PURPOSES*: U.S. Application No. 10/871,708 (Pub. No. 20050118186), filed on
June 17, 2004, entitied “COMBINATIONS OF TUMOR-ASSOCIATED
ANTIGENS IN COMPOSITIONS FOR VARIOUS TYPES OF CANCERS®; and
Provisional Application No. 60/640,598, filed on December 29, 2004, and U.S.
Patent Application No. 11/323,049 (Pub. No. 20060159694), filed on December
29. 2005, both of which are entitled “COMBINATIONS OF TUMOR-
ASSOCIATED ANTIGENS IN COMPOSITIONS FOR VARIOUS TYPES OF
CANCERS. * and each of which are incorporated by reference in its entirety.
Also, the following applications include methods and compositions that can be
used with the instant methods and compositions. Plasmid and principles of
plasmid design are disclosed in US Patent Application No. 10/292,413 (Pub. No.
20030228634 A1), entitled “EXPRESSION VECTORS ENCODING EPITOPES
OF TARGET ASSOCIATED ANTIGENS AND METHODS FOR THEIR
DESIGN,* which is hereby incorporated by reference in its entirety; additional
methodology, compositions, peptides, and peptide analogues are disclosed in
U.S. Provisional Application No 60/581,001, filed on June 17, 2004, U.S.
Application No. 11/156,253 (Pub. No. 20060063913), entitled "SSX-2 PEPTIDE
ANALOGS*": each of which is incorporated herein by reference in its entirety,
U.S. Provisional Application No. 60/580,962, filed on June 17, 2004, U.S.
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Application No. 11/155,929 (Pub. No. 20060094661), filed on June 17, 2005,
entitled “NY-ESO PEPTIDE ANALOGS"; each of which is incorporated herein by
reference in its entirety; and U.S. Application Nos. 10/117,937 (Pub. No.
20030220239), filed on April 4, 2002, and 10/657,022 (Pub. No. 20040180354),
filed on September 5, 2003, both of which are entitled EPITOPE SEQUENCES,
and each of which is hereby incorporated by reference in its entirety.

[0065] In some embodiments, depending on the nature of the
immunogen and the context in which it is encountered, the immune response
elicited can differ in its particular activity and makeup. In particular, while
immunization with peptide can generate a cytotoxic/cytolytic T cell (CTL)
response, attempts to further amplify this response with further injections can
instead lead to the expansion of a regulatory T cell population, and a diminution
of observable CTL activity. Thus, compositions conferring high MHC/peptide
concentrations on the cell surface within the lymph node, without additional
immunopotentiating activity, can be used to purposefully promote a regulatory or
tolerogenic response. In contrast, immunogenic compositions providing ample
immunomodulating signals (e.g., toll-like receptor ligands, or the
cytokine/autocrine factors such ligands can induce) even if providing only limiting
antigen, not only induce a response, but entrain it as well, so that subsequent
encounters with ample antigen (e.g., injected peptide) amplifies the response
without changing the nature of the observed activity. Therefore, some
embodiments relate to controlling the immune response profile, for example, the
kind of response obtained and the kinds of cytokines produced. Some

embodiments relate to methods and compositions for promoting the expansion
or further expansion of CTL.

[0066] The disclosed methods are advantageous over many protocols
that use only peptide or that do not follow the entrain-and-amplify methodology.
As set forth above, many peptide-based immunization protocols and vector-
based protocols have drawback CTL response potentiation by up-regulation of
Treg response. Nevertheless, if successful, a peptide based immunization or
immune amplification strategy has advantages over other methods, particularly
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certain microbial vectors, for example. This is due to the fact that more complex
vectors, such as live attenuated viral or bacterial vectors, can induce deleterious
side-effects, for example, in vivo replication or recombination; or become
ineffective upon repeated administration due to generation of neutralizing
antibodies against the vector itself. Additionally, when harnessed in such a way
as to become strong immunogens, peptides can circumvent the need for
proteasome-mediated processing (as with protein or more complex antigens, in
context of “cross-processing” or subsequent to cellular infection). That is
because peptides resulting from cellular processing of complex antigens for
MHC-class | restricted presentation is a phenomenon that inherently selects
dominant (favored) epitopes over subdominant epitopes, potentially interfering
with the immunogenicity of epitopes corresponding to valid targets. Finally,

effective peptide-based immunization simplifies and shortens the process of
development of immunotherapeutics.

DEFINITIONS

(00671 Unless otherwise clear from the context of the use of a term

herein, the following listed terms shall generally have the indicated meanings for
purposes of this description.

[0068] PROFESSIONAL ANTIGEN-PRESENTING CELL (pAPC) - a

cell that possesses T cell costimulatory molecules and is able to induce a T cell

response. Well characterized pAPCs include dendritic cells, B cells, and
macrophages. :

[0069] PERIPHERAL CELL — a cell that is not a pAPC.

[0070] HOUSEKEEPING PROTEASOME - a proteasome normally

active in peripheral cells, and generally not present or not strongly active in
pAPCs.

[00711 IMMUNOPROTEASOME - a proteasome normally active in

pAPCs; the immunoproteasome is also active in some peripheral cells in infected
tissues or following exposure to interferon.
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[0072]1 EPITOPE —a site on an antigen recognized by an antibody or
an antigen receptor. A T-cell epitope is a short peptide derived from a protein
antigen. Epitopes bind to MHC molecules and are recognized by a particular T
cell. In preferred embodiments, epitopes according to this definition include, but
are not necessarily limited to, a polypeptide and a nucleic acid encoding a
polypeptide, wherein the polypeptide is capable of stimulating an immune
response. In other preferred embodiments, epitopes according to this definition
include but are not necessarily limited to peptides presented on the surface of
cells, the peptides being non-covalently bound to the binding cleft of class |
MHC, such that they can interact with T cell receptors (TCR). Epitopes
presented by class | MHC can be in immature or mature form. “Mature” refers to
an MHC epitope in distinction to any precursor (“immature”) that can include or
consist essentially of a housekeeping epitope, but also includes other sequences
in a primary translation product that are removed by processing, including
without limitation, alone or in any combination, proteasomal digestion, N-terminal
trimming, or the action of exogenous enzymatic activities. Thus, a mature
epitope can be provided embedded in a somewhat longer polypeptide, the
immunological potential of which is due, at least in part, to the embedded

epitope; likewise, the mature epitope can be provided in its ultimate form that
can bind in the MHC binding cleft to be recognized by TCR.

[0073] MHC EPITOPE - a polypeptide having a known or predicted
binding affinity for a patientian class | or class 1l major histocompatibility complex
(MHC) molecule. Some particularly well characterized class | MHC molecules
are presented in U.S. Provisional Application No. 60/640,402, filed on December
29 2004, and U.S. Application No. 11/323,572 (Pub. No. 20060165711), filed on
December 29, 2005, all of which are entitled “METHODS TO ELICIT, ENHANCE
AND SUSTAIN IMMUNE RESPONSES AGAINST MHC CLASS I-RESTRICTED
EPITOPES, FOR PROPHYLACTIC OR THERAPEUTIC PURPOSES.”

[0074] HOUSEKEEPING EPITOPE — In a preferred embodiment, a
housekeeping epitope is defined as a polypeptide fragment that is an MHC
- epitope, and that is displayed on a cell in which housekeeping proteasomes are
23



CA 02657771 2009-01-14
WO 2008/008541 PCT/US2007/016075

predominantly active. In another preferred embodiment, a housekeeping epitope
is defined as a polypeptide containing a housekeeping epitope according to the
foregoing definition, that is flanked by one to several additional amino acids. In
another preferred embodiment, a housekeeping epitope is defined as a nucleic
acid that encodes a housekeeping epitope according to the foregoing definitions.
Exemplary housekeeping epitopes are provided in U.S. Patent Application Nos.

10/117.937, filed on April 4, 2002 (Pub. No. 20030220239 A1), 11/067,159 (Pub.
No. 20050221440 A1), filed February 25, 2005, 11/067,064 (Pub. No.

20050142144 A1), filed February 25, 2005, and 10/657,022 (Pub. No.
20040180354 A1), filed September 5, 2003, and in PCT Application No.
PCT/US2003/027706 (Pub. No. WO 2004/022709 A2), filed 9/5/2003; and U.S.
Provisional Application Nos. 60/282,211, filed on April 6, 2001; 60/337,017, filed
on November 7, 2001; 60/363,210 filed March 7, 2002; and 60/409,123, filed on
September 6, 2002. Each of the listed applications is entitled EPITOPE
SEQUENCES. Each of the applications mentioned in this paragraph is
incorporated herein by reference in its entirety. |

[0075] IMMUNE EPITOPE - In a preferred embodiment, an immune
epitope is defined as a polypeptide fragment that is an MHC epitope, and that is
displayed on a cell in which immunoproteasomes are predominantly active. In
another preferred embodiment, an immune epitope is defined as a polypeptide

containing an immune epitope according to the foregoing definition that is
flanked by one to several additional amino acids. In another preferred
embodiment, an immune epitope is defined as a polypeptide including an

epitope cluster sequence, having at least two polypeptide sequences having a
known or predicted affinity for a class | MHC. In yet another preferred

embodiment, an immune epitope is defined as a nucleic acid that encodes an
immune epitope according to any of the'foregoing definitions.

[0076]1 TARGET CELL — In a preferred embodiment, a target cells is a
cell associated with a pathogenic condition that can be acted upon by the
components of the immune system, for example, a cell infected with a virus or
other intraceliular parasite, or a neoplastic cell. In another embodiment, a target
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cell is a cell to be targeted by the vaccines and methods of the invention.
Examples of target cells according to this definition include but are not
necessarily limited to: a neoplastic cell and a cell harboring an intracellular
parasite, such as, for example, a virus, a bacterium, or a protozoan. Target cells
can also include cells that are targeted by CTL as a part of an assay to
determine or confirm proper epitope liberation and processing by a cell
expressing immunoproteasome, to determine T cell specificity or immunogenicity
for a desired epitope. Such cells can be transformed to express the liberation
sequence, or the cells can simply be pulsed with peptide/epitope.

[0077] TARGET-ASSOCIATED ANTIGEN (TAA) — a protein or
polypeptide present in a target cell.

[0078] TUMOR-ASSOCIATED ANTIGENS (TuAA) — a TAA, wherein
the target cell is a neoplastic cell. |

[0079] HLA EPITOPE - a polypeptide having a known or predicted
binding affinity for a human class | or class |l HLA complex molecule. Particularly
well characterized class | HLAs are presented in U.S. Provisional Application No.
60/640.402, filed on December 29, 2004, and U.S. Application No. 11/323,572
(Pub. No. 20060165711), filed on December 29, 2005, all of which are entitled
“METHODS TO ELICIT, ENHANCE AND SUSTAIN IMMUNE RESPONSES

AGAINST MHC CLASS I-RESTRICTED EPITOPES, FOR PROPHYLACTIC OR
THERAPEUTIC PURPOSES.”

[0080]1 ANTIBODY - a natural immunoglobulin (Ig), poly- or
monoclonal, or any molecule composed in whole or in part of an Ig binding
domain, whether derived biochemically, or by use of recombinant DNA, or by
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