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USE OF TOLL-LIKE RECEPTOR LIGANDS AS ADJUVANTS TO VACCINATION
THERAPY FOR BRAIN TUMORS

FIELD OF INVENTION

This invention relates to the treatment of cancer using vaccination therapy.

BACKGROUND

All publications herein are incorporated by reference to the same extent as if
each individual publication or patent application was specifically and individually
indicated to be incorporated by reference. The following description includes
information that may be useful in understanding the present invention. it is not an
admission that any of the information provided herein is prior art or relevant to the
presently claimed invention, or that any publication specifically or implicitly
referenced is prior art.

Cancer remains among the leading causes of death in the United States and
around the world. Various forms of cancer are differentially treated, depending in
part on the location of a tumor. One particularly difficult group of tumors to treat
includes those that reside in and near the brain. Treatment of brain tumors presents
a number of problems, not the least of which being the dangers inherent in any
surgical procedure involving regions of the brain and the tissue located nearby.
There is little room for error and the consequences of even a minor surgical mishap
can be devastating to a patient; brain damage, or even death may result. Still, where
possible, surgery remains the preferred method of treatment for most brain tumors
and is often performed in conjunction with radiation therapy and chemotherapy.
However, even commonly referenced medical authority suggests that patients with
brain tumors be referred to centers specializing in investigative therapies; an
indication that conventional modes of treatment are not overwhelmingly successful.

Glioblastoma multiforme and anaplastic astrocytomas are classified in the
category of brain tumors commonly known as malignant gliomas. Although not
particularly common tumors themselves, they represent a class of tumors associated
with significant rates of mortality and morbidity. Current treatment for malignant

glioma consists of surgical resection followed by radiation therapy and
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chemotherapy. However, this treatment generally fails in substantially changing the
outcome for a patient; median survival remains less than one year even with medical
intervention.

Antitumor dendritic cell ("DC") vaccination strategy (e.g., using DCs pulsed
with tumor lysate) shows encouraging results, but in most cases fails to completely
eradicate the tumor. Thus, there exists a significant need in the art for the
development dendritic cell based immunotherapy with improved efficacy in

eradicating tumors.

SUMMARY OF THE INVENTION

The following embodiments and aspects thereof are described and illustrated
in conjunction with compositions and methods which are meant to be exemplary and
illustrative, not limiting in scope.

The present invention provides for compositions comprising: a dendritic cell
pulsed with tumor lysate and at least one toli-like receptor (TLR) ligand. In one
embodiment the compositions may further comprise a pharmaceutically acceptable
carrier.

in various embodiments, the dendritic cell may be an autologous dendritic cell
or an allogeneic dendritic cell.

In various embodiments, the at least one TLR ligand may be selected from
the group consisting of a TLR2 ligand, TLR4 ligand, TLRS ligand and combinations
thereof. In certain embodiments, the at least one TLR ligand may be selected from
the group consisting of Pam3cys, Polyl.C, lipopolysaccharide (“LPS"), ST-FLA,
Gardiguimod, CpG ODN, TLR1/2 Agonist: Pam3CSK4, TLR2Z Agonist: HKLM, TLR3
Agonist: Poly(l:C), TLR4 Agonist: LPS E. coli, TLR5 Agonist: Flagellin S.
typhimurium, TLR6/2 Agonist: FSL1, TLR7 Agonist: Imiquimod, TLR8 Agonist:
ssRNA40, TLRS Agonist: ODN and combinations thereof. In a particular
embodiment, the at least one TLR ligand is a combination of Pam3cys, LPS and
CpG ODN.

In various embodiments, the tumor lysate may from a tumor selected from the
group consisting of breast cancer, colon cancer, lung cancer, prostate cancer,
hepatocellular cancer, gastric cancer, pancreatic cancer, cervical cancer, ovarian
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cancer, liver cancer, bladder cancer, cancer of the urinary tract, thyroid cancer, renal
cancer, carcinoma, melanoma, head and neck cancer, and brain cancer. In certain
embodiments, the brain cancer may be selected from the group consisting of glioma,
glioblastoma, glioblastoma multiforme (GBM), oligodendroglioma, primitive
neuroectodermal tumor, astrocytoma, ependymoma, oligodendroglioma,
medulloblastoma, meningioma, pituitary carcinomas, neuroblastoma, and
craniopharyngioma. In a particular embodiment, the tumor lysate may be from a
glioma.

The present invention also provides for methods of eliciting a specific immune
response in a mammal in need thereof, comprising: providing a composition
comprising: a dendritic cell puised with tumor lysate and at least one toll-like receptor
(TLR) ligand (as described above and in more detail below); and administering the
composition to the mammal to elicit the specific immune response. In one
embodiment, the composition may further comprise a pharmaceutically acceptable
carrier.

The present invention also provides methods of activating dendritic cells,
comprising: providing at least one toll-ike receptor (TLR) ligand; and pulsing a
dendritic cell with the at least one TLR ligand.

in various embodiments, the at least one TLR ligand may be selected from
the group consisting of a TLR2 ligand, TLR4 ligand, TLRS ligand and combinations
thereof. In certain embodiments, the at least one TLR figand may be selected from
the group consisting of Pam3cys, Polyl:C, lipopolysaccharide ("LPS"), ST-FLA,
Gardiquimod, CpG ODN, TLR1/2 Agonist: Pam3CSK4, TLR2 Agonist: HKLM, TLR3
Agonist: Poly(I:C), TLR4 Agonist: LPS E. coli, TLR5 Agonist: Flagellin 3.
typhimurium, TLR6/2 Agonist: FSL1, TLR7 Agonist: Imiquimod, TLR8 Agonist:
ssRNA40, TLR9 Agonist: ODN and combinations thereof. in a particular
embodiment, the at least one TLR ligand may be a combination of Pam3cys, LPS
and CpG ODN.

In various embodiments, the dendritic cell may be an autologous dendritic cell
or an allogeneic dendritic cell.

In a further embodiment, the method further comprises pulsing the dendritic

cell with a tumor lysate.
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In various embodiments, the tumor lysate may be from a tumor selected from
the group consisting of breast cancer, colon cancer, lung cancer, prostate cancer,
hepatocellular cancer, gastric cancer, pancreatic cancer, cervical cancer, ovarian
cancer, liver cancer, bladder cancer, cancer of the urinary tract, thyroid cancer, renal
cancer, carcinoma, melanoma, head and neck cancer, and brain cancer. In certain
embodiments, the brain cancer may be selected from the group consisting of glioma,
glioblastoma, glioblastoma multiforme (GBM), oligodendroglioma, primitive
neuroectodermal tumor, astrocytoma, ependymoma, oligodendroglioma,
medulloblastoma, meningioma, pituitary carcinomas, neuroblastoma, and
craniopharyngioma. In a particular embodiment, the tumor lysate may be from a
glioma.

The present invention also provides for kits for eliciting a specific immune
response in a mammal in need thereof, comprising: a composition comprising: a
dendritic cell pulsed with tumor lysate and at least one toll-like receptor (TLR) ligand
(as described above and in more detail below); and instructions for administering the
composition to the mammal to elicit the specific immune response. In one
embodiment, the composition may further comprise a pharmaceutically acceptable
carrier.

The present invention also provides for kits for activating dendritic cells,
comprising: at least one toll-like receptor (TLR} ligand (as described above and in
more detail below); and instructions for using the at least one TLR ligand to activate
the dendritic cells.

Other features and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,
which illustrate, by way of example, various features of embodiments of the

invention.

BRIEF DESCRIPTION OF THE FIGURES
Exemplary embodiments are illustrated in referenced figures. It is intended
that the embodiments and figures disclosed herein are to be considered illustrative

rather than restrictive.
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Figure 1 shows that vaccination improves survival in GL26 glioma bearing
mice in accordance with an embodiment of the present invention. Nude (n = 28) and
wild-type mice (n = 32) received intracranial implants of 50,000 GL26 cells, but no
vaccination treatment. Experimental wild-type mice (n = 19) also received
intracranial implants of 50,000 GL26 cells, but were vaccinated with 2 x 10° GL26
lysate-pulsed DC2 4 cells at 3 days and again at 7 days post-implantation. DC-
vaccinated mice survived significantly longer relative to either untreated wild-type or
untreated nude mice (P < 0.003). Untreated immunocompetent wild-type mice
survived significantly longer than untreated immunocompromised mice.

Figure 2 shows that GL26 luciferase-expressing cells can be visualized using
the Xenogen Living Imaging System in accordance with an embodiment of the
present invention. (A-D) 100,000 GL26 luciferase-expressing cells were implanted
into the striatum and 7 days later visualized after tail vein injection of luciferin
substrate. Vaccination only (C); Vaccination with TLR cocktail (D).

Figure 3 depicts relative tumor volume from Xenogen luciferase in vivo
imaging in accordance with an embodiment of the present invention.

Figure 4A shows that GL26 expressing cells can be used to identify and
delineate the borders of a tumor in accordance with an embodiment of the present
invention. The 9L tumor cell line was utilized to generate a syngeneic rat model of
glioma.

Figure 4B depicts tumor volume in accordance with an embodiment of the
present invention. The tumor volume is quantified by identifying the beginning and
end of a tumor, then applying the equation for an ellipsoid to assess volume in a
symmetrical tumor generated through the use of either the GL26 tumor line in
C57B/6J mice or the 9L tumor line in Fisher rats.

Figure 5 depicts transgenic CD11cDTR-GFP mice utilized for GL26 tumor-
cell intrastriatal implantation and sacrificed 2 weeks post-implantation in accordance
with an embodiment of the present invention. Dendritic cells (GFP) and IHC against
GFAP (green) for astrocytes shows dendritic cell and astrocyte infiltration within the
tumor-10X (A) compared to the contralateral control striatum-10X (B); Tumor-20X
(C); Saline-20X (D). White matter (“WM”); striatum (“STR").
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Figure 6 depicts CD80 and CD86 FACS analysis of untreated DC2.4 cell line
versus TLR ligand cocktail-exposed DC2.4 cells, which shows a significant (p <
0.001) increase in CD80 and CD88 protein expression in accordance with an
embodiment of the present invention.

Figure 7 depicts ELISA for TNF-alpha in primary DC treated with LPS in
accordance with an embodiment of the present invention.

Figure 8 depicts FACS against BMDC: GL26 Tumor Lysate vs. TLR ligands in
accordance with an embodiment of the present invention. CD40 and CD86 panels
show an increase in the %CD40 and CD86 immunopositive BMDC after treatment
with GL26 Lysate plus TLR adjuvants at specific concentrations (ug/ml) (One way
ANOVA, * = P<0.05). Error bars represent SEM.

Figure 9 depicts IL-6, TNF-o and IL-12 ELISA of BMDC activated by GL26
lysate vs. TLR ligands in accordance with an embodiment of the present invention.
Top panel shows that IL-6 secreted protein from BMDC activated by GL26 lysate
plus TLR ligands for all TLR ligands is significantly increased. Middle panel shows
TNF-a secreted protein and differential increases based on TLR concentrations.
Bottom panel shows IL-12 secreted protein and differential increases. Error bars
represent SEM. Pam3cys/TLRZ overall shows relatively limited increases in IL-12
protein production (pg/ml). (ANOVA, *= P<0.01). Error bars represent SEM.

Figure 10 depicts IL-6 ELISA from primary BMDC derived from MyD88-/- and
littermate controls in accordance with an embodiment of the present invention. Top
panel shows wild-type BMDC in light grey and MyD88-/- in dark grey. BMDC
exposed to tumor lysate and TLR adjuvants show significant increase iL-6
production compared to brain. (ANOVA, * = P<0.01).

Figure 11 depicts splenocytes isolated from GL26 tumor bearing mice
(triangle), GL26 DC vaccinated mice (square) and GL26 with TLR cocktail adjuvant
DC vaccination (diamond) in accordance with an embodiment of the present
invention.

Figure 12 depicts a TLR Survival Study: Kaplan Meier Curves in accordance
with an embodiment of the present invention. GL26 tumorigenic mice received
PBMDC vaccination with various TLR adjuvants. A. No vaccination (solid lines) vs.
Brain lysate vaccination (dotted lines); B. No vaccination (solid lines) vs. tumor lysate
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vaccine (dotted lines); C. Tumor lysate vaccine (solid lines) vs. lysate plus Pam3cys
vaccine (TLR 2 ligand) (dotted lines); D. Tumor lysate vaccine (solid lines) vs. lysate
plus LPS (TLR 4 ligand) (dotted lines); E. Tumor lysate vaccine (solid lines) vs.
lysate plus CpG (TLR 9 ligand) (dotted lines); F. Tumor lysate vaccine (solid lines)

vs. lysate plus TLR cocktail (TLR 2, 4 and 9 ligands) (dotted lines). ‘ = significance.

DESCRIPTION OF THE INVENTION

All references cited herein are incorporated by reference in their entirety as
though fully set forth. Unless defined otherwise, technical and scientific terms used
herein have the same meaning as commonly understood by one of ordinary skill in
the art to which this invention belongs. Singleton et al., Dictionary of Microbiology
and Molecular Biology 37 ed., J. Wiley & Sons (New York, NY 2001); March,
Advanced Organic Chemistry Reactions, Mechanisms and Structure 5" ed., J. Wiley
& Sons (New York, NY 2001); and Sambrook and Russel, Molecular Cloning: A
Laboratory Manual 3rd ed., Cold Spring Harbor Laboratory Press (Coid Spring
Harbor, NY 2001), provide one skilled in the art with a general guide to many of the
terms used in the present application.

One skilled in the art will recognize many methods and materials similar or
equivalent to those described herein, which could be used in the practice of the
present invention. Indeed, the present invention is in no way limited to the methods
and materials described. For purposes of the present invention, the following terms
are defined below.

“Mammal” as used herein refers to any member of the class Mammalia,
including, without limitation, humans and nonhuman primates such as chimpanzees,
and other apes and monkey species; farm animals such as cattle, sheep, pigs, goats
and horses; domestic mammals such as dogs and cats; laboratory animals including
rodents such as mice, rats and guinea pigs, and the like. The term does not denote
a particular age or sex. Thus adult and newborn subjects, as well as fetuses,
whether male or female, are intended to be including within the scope of this term.

“Therapeutically effective amount” as used herein refers to that amount which
is capable of achieving beneficial resuits in a patient with a tumor. A therapeutically

effective amount can be determined on an individual basis and can be based, at
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least in part, on consideration of the physiological characteristics of the mammal, the
type of delivery system or therapeutic technigue used and the time of administration
relative to the progression of the disease.

"Cancer” and “cancerous” refer to or describe the physiological condition in
mammals that is typically characterized by unregulated cell growth. Examples of
cancer include, but are not limited to, breast cancer, colon cancer, lung cancer,
prostate cancer, hepatocellular cancer, gastric cancer, pancreatic cancer, cervical
cancer, ovarian cancer, liver cancer, bladder cancer, cancer of the urinary tract,
thyroid cancer, renal cancer, carcinoma, melanoma, head and neck cancer, and
brain cancer; including, but not limited to, gliomas, glioblastomas, glioblastoma
multiforme (GBM), oligodendrogliomas, primitive neuroectodermal tumors, low, mid
and high grade astrocytomas, ependymomas (e.g., myxopapillary ependymoma
papillary ependymoma, subependymoma, anaplastic ependymoma),
oligodendrogliomas, medulloblastomas, meningiomas, pituitary carcinomas,
neuroblastomas, and craniopharyngiomas.

“Pathology” of cancer includes all phenomena that compromise the well-being
of the patient. This includes, without limitation, abnormal or uncontrollable cell
growth, metastasis, interference with the normal functioning of neighboring cells,
release of cytokines or other secretory products at abnormal levels, suppression or
aggravation of inflammatory or immunological response, neoplasia, premalignancy,
malignancy, invasion of surrounding or distant tissues or organs, such as lymph
nodes, etc.

“Treatment” and “treating,” as used herein refer to both therapeutic treatment
and prophylactic or preventative measures, wherein the object is to prevent or slow
down (lessen) the targeted pathologic condition or disorder even if the treatment is
ultimately unsuccessful. Those in need of treatment include those already with the
disorder as well as those prone to have the disorder or those in whom the disorder is
to be prevented. For example, in tumor (e.g., cancer) treatment, a therapeutic agent
may directly decrease the pathology of tumor cells, or render the tumor cells more
susceptible to treatment by other therapeutic agents or by the subject’'s own immune

system.
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“Tumor,” as used herein refers to all neoplastic cell growth and proliferation,

whether malignant or benign, and all pre-cancerous and cancerous cells and tissues.

Antitumor DC vaccination strategy {(with tumor lysate alone) shows
encouraging resuits, but in most cases fails to completely eradicate the tumor. The
inventors believe that the reason may be insufficient adjuvant stimulation of bone
marrow derived dendritic cells ("BMDCs"), and the result is that the level of co-
stimulatory molecule expression and pro-inflammatory cytokine expression by
BMDCs is insufficient to mount an anti-tumor cytotoxic response that would eradicate
the tumor. As described herein, the inventors improve the effectiveness of the BMDC
vaccination strategy by treating primary BMDCs ex vivo with TLR adjuvants prior to
adoptive transfer. The inventors believe that activation of BMDC with TLR2, 4 and 9
ligands increases the productivity of pro-inflammatory cytokines, co-stimulatory
molecules and inhibitory molecules as compared to GL26 cell lysate alone.

Embodiments of the present invention are based, in part, on the inventors
discovery that toll-like receptor (“TLR”) ligands can be effectively utilized as
adjuvants to vaccination therapy for the treatment of brain tumors; particularly, for
gliomas. The treatment involves utilizing activators of the TLR signaling system as
adjuvants to dendritic based vaccination against giiomas. The inventors’ studies
show that activation of dendritic cells with tumor lysate and TLR ligands improves the
efficacy of dendritic cell based immunotherapy against gliomas. The studies provide
evidence that there is significant improvement in survival in the animal modei for

gliomas.

One embodiment of the present invention provides for a composition for
eliciting a specific immune response in a mammal in need thereof. Particuiarly, the
composition can be a vaccine useful for treating a brain tumor in a mammal in need
thereof. The composition comprises dendritic cells pulsed with tumor lysate and at
least one TLR ligand.

The dendritic celis of the present invention may be autologous dendritic cells
or allogeneic dendritic cells. Dendritic cells suitable for use in accordance with the

present invention may be isolated or obtained from any tissue in which such cells are

9



10

25

WO 2009/155332 PCT/US2009/047640

found, or may be otherwise cultured and provided. Dendritic cells may be found, for
example, but in no way limited to, in the bone marrow, in peripheral blood
mononuclear cells (PBMCs) of a mammail or in the spleen of a mammal.
Additionally, any suitable media that promote the growth of dendritic cells may be
used in accordance with the present invention, and may be readily ascertained by
one skilled in the art.

In one particular embodiment, the tumor lysate may be lysate from a brain
tumor, including but not limited to a glioma, glioblastoma, glioblastoma multiforme
(GBM), oligodendroglioma, primitive neuroectodermal tumor, low, mid and high
grade astrocytoma, ependymoma (e.g., myxopapillary ependymoma papillary
ependymoma, subependymoma, anaplastic ependymoma), oligodendroglioma,
medulloblastoma, meningioma, pituitary adenoma, pituitary carcinoma,
neuroblastoma, and craniopharyngioma.

In another particular embodiment, the TLR ligand may be selected from the
group consisting of Pam3cys, Polyl:C, lipopolysaccharide ("LPS"), ST-FLA,
Gardiquimod, CpG ODN, TLR1/2 Agonist: Pam3CSK4, TLR2 Agonist: HKLM, TLR3
Agonist: Poly(l:C), TLR4 Agonist: LPS E. coli, TLR5 Agonist: Flagellin S.
typhimurium, TLR6/2 Agonist: FSL1, TLR7 Agonist: imiquimod, TLR8 Agonist:
ssRNA40, and TLR9 Agonist: ODN and combinations thereof. Particularly useful is
dendritic ceils pulsed with tumor lysate and a TLR ligand cocktail comprising the TLR
ligands Pam3cys, LPS and CpG ODN.

Another embodiment of the present invention is a method of eliciting a specific
immune response in a mammal in need thereof. The method comprises providing a
composition comprising dendritic cells pulsed with tumor lysate and at least one TLR
ligand as described above and administering the composition to a mammal. Ina
further embodiment, the method comprises administering an additional dose of the
composition to the mammal.

In one embodiment, the method of eliciting a specific immune response is a
method of treating a brain tumor. The method comprises providing a composition
comprising dendritic cells pulsed with tumor lysate and at least one TLR ligand as

described above and administering the composition to a mammal to treat the brain
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tumor. Brain tumors treated by the inventive method include but are not limited to
gliomas, glioblastomas, gliobiastoma multiforme (GBM), oligodendrogliomas,
primitive neuroectodermal tumors, low, mid and high grade astrocytomas,
ependymomas (e.g., myxopapillary ependymoma papillary ependymoma,
subependymoma, anaplastic ependymoma), oligodendrogliomas, medulloblastomas,
meningiomas, pituitary adenomas, pituitary carcinomas, neuroblastomas, and
craniopharyngiomas.

The composition may be administered one or more times to the mammal to
impart beneficial results. The composition may be administered prior or post surgical
resection of a tumor. One skilled in the art will be able to determine the appropriate
timing for administering the composition. The timing of the first and/or subsequent
dose(s) of the composition may depend on a variety of factors, including, but not
limited to a patient's health, stability, age, and weight. The composition may be
administered at any appropriate time interval; for example, including but not limited
to once per week, once every two weeks, once every three weeks, and once per
month. In one embodiment, the composition may be administered indefinitely. In
another embodiment, the composition may be administered three times in two week
intervals. Appropriate dosage of the composition may also depend on a variety of
factors, including, but not limited to a patient's health, stability, age, and weight. In
one embodiment, the composition may comprise from about 10* to about 10°
dendritic cells pulsed with tumor lysate and at least cne TLR ligand as described
above. In another embodiment, the composition may comprise from about 10° to
about 107 dendritic cells pulsed with tumor lysate and at least one TLR ligand as
described above. In another embodiment, the composition may comprise about 10°
to about 107 dendritic cells pulsed with tumor lysate and at least one TLR ligand as
described above.

Administering the composition may be performed in conjunction with other
therapeutic treatments; for example, chemotherapy and radiation. In one
embodiment, the inventive composition is administered by injection (/.e., intravenous,
intraarterial, etc.). In another embodiment, the inventive composition may be

administered directly into or in close proximity of the tumor. In another embodiment,



10

15

20

25

WO 2009/155332 PCT/US2009/047640

the inventive composition may be administered directly into or in close proximity of

the site of the resected tumor.

Another embodiment of the present invention provides for a method of
producing the composition/vaccine of the present invention and a method of
activating the dendnitic cells. The method comprises providing dendritic cells;
culturing the dendritic cells; pulsing the dendritic cells with tumor lysate and at least
one TLR ligand (e.g., exposing the dendritic cells to tumor lysate and at least one
TLR ligand, culturing the dendritic cells in the presence of tumor lysate and at least
one TLR ligand). In various embodiments, the dendritic cells may be puised with
tumor lysate at a concentration of about 50-1000 ug/10°-10” PBMDCs, which can be
effective at activating PBMDCs in vifro. The dendritic cells may be ones as described
above. In a particular embodiment, the dendritic cells may be bone-marrow derived
dendritic cells. The TLR ligand may be selected from the group consisting of
Pam3cys, Polyl:C, lipopolysaccharide ("LPS"), ST-FLA, Gardiquimod, CpG ODN,
TLR1/2 Agonist: Pam3CSK4, TLR2 Agonist: HKLM, TLR3 Agonist: Poly(l:C), TLR4
Agonist: LPS E. coli, TLR5S Agonist; Flagellin S. typhimurium, TLR6/2 Agonist: FSL1,
TLR7 Agonist: Iimiguimod, TLR8 Agonist: ssRNA40, and TLR9 Agonist: ODN and
combinations thereof. It is also particularly useful to expose the dendritic cells to
tumor lysate and a TLR ligand cocktail comprising the TLR ligands Pam3cys, LPS
and CpG ODN.

In various embodiments, the present invention provides pharmaceutical
compositions including a pharmaceutically acceptable excipient along with a
therapeutically effective amount of the composition comprising dendritic cells pulsed
with tumor lysate and at least one TLR ligand as described above.
"Pharmaceutically acceptable excipient” means an excipient that is useful in
preparing a pharmaceutical composition that is generally safe, non-toxic, and
desirable, and includes excipients that are acceptable for veterinary use as well as
for human pharmaceutical use. Such excipients may be solid, liquid, semisolid, or, in

the case of an aerosol composition, gaseous.
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In various embodiments, the pharmaceutical compositions according to the
invention may be formulated for delivery via any route of administration. “Route of
administration’ may refer to any administration pathway known in the art, including
but not limited to aerosol, nasal, oral, transmucosal, transdermal or parenteral.
“Parenteral” refers to a route of administration that is generally associated with
injection, including intraorbital, infusion, intraarterial, intracapsular, intracardiac,
intracarotid, intradermal, intramuscular, intraperitoneal, intrapulmonary, intraspinal,
intrasternal, intrathecal, intrauterine, intravenous, subarachnoid, subcapsular,
subcutaneous, transmucosal, or transtracheal. Via the parenteral route, the
compositions may be in the form of solutions or suspensions for infusion or for
injection, or as lyophilized powders.

The pharmaceutical compositions according to the invention can also contain
any pharmaceutically acceptable carrier. “Pharmaceutically acceptable carrier” as
used herein refers to a pharmaceutically acceptable material, composition, or vehicle
that is involved in carrying or transporting a compound of interest from one tissue,
organ, or portion of the body to another tissue, organ, or portion of the body. For
example, the carrier may be a liquid or solid filler, diluent, excipient, soivent, or
encapsulating material, or a combination thereof. Each component of the carrier
must be “pharmaceutically acceptable” in that it must be compatible with the other
ingredients of the formulation. it must also be suitable for use in contact with any
tissues or organs with which it may come in contact, meaning that it must not carry a
risk of toxicity, irritation, aliergic response, immunogenicity, or any other complication
that excessively outweighs its therapeutic benefits.

The pharmaceutical preparations may be made following the conventional
techniques of pharmacy involving milling, mixing, granulation, and compressing,
when necessary, for tablet forms; or milling, mixing and filling for hard gelatin
capsule forms. When a liquid carrier is used, the preparation will be in the form of a
syrup, elixir, emuision or an agueous or non-agueous suspension.

The pharmaceutical compositions according to the invention may be delivered
in a therapeutically effective amount. The precise therapeutically effective amount is
that amount of the composition that will yield the most effective resuits in terms of

efficacy of treatment in a given subject. This amount wili vary depending upon a

-
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variety of factors, including but not limited to the characteristics of the therapeutic
compound (including activity, pharmacokinetics, pharmacodynamics, and
bioavailability), the physiological condition of the subject (including age, sex, disease
type and stage, general physical condition, responsiveness to a given dosage, and
type of medication), the nature of the pharmaceutically acceptable carrier or carriers
in the formulation, and the route of administration. One skilled in the clinical and
pharmacological arts will be able to determine a therapeutically effective amount
through routine experimentation, for instance, by monitoring a subject’s response to
administration of a compound and adjusting the dosage accordingly. For additional
guidance, see Remington. The Science and Practice of Pharmacy (Gennaro ed. 20th
edition, Williams & Wilkins PA, USA) (2000).

Typical dosages of an effective amount of the composition comprising
dendritic cells pulsed with tumor lysate and at least one TLR ligand as described
above can also be as indicated to the skilled artisan by the in vitro responses or
responses in animal models. The actual dosage will depend upon the judgment of
the physician, the condition of the patient, and the effectiveness of the therapeutic
method based, for example, on the in vitro responsiveness of the relevant primary
cultured cells or histocultured tissue sample, such as biopsied malignant tumors, or

the responses observed in the appropriate animal models, as previously described.

The present invention is also directed to a kit to elicit a specific immune
response in a mammal with a tumor or to treat a tumor; for example a brain tumor.
The kit is useful for practicing the inventive method of eliciting an immune response
in a mammal with a tumor or treating a tumor. The kit is an assemblage of materials
or components, including at least one of the inventive compositions. Thus, in some
embodiments the kit contains a composition comprising dendritic cells pulsed with
tumor lysate and at least one TLR ligand as described above.

The exact nature of the components configured in the inventive kit depends
on its intended purpose. In one embodiment, the kit is configured particularly for the
purpose of treating mammalian subjects. in a particular embodiment, the kit is

configured particularly for the purpose of treating human subjects. In further
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embodiments, the kit is configured for veterinary applications, treating subjects such
as, but not limited to, farm animals, domestic animals, and laboratory animals.
Instructions for use may be included in the kit. “Instructions for use” typicaily
include a tangible expression describing the technique to be employed in using the
components of the kit to effect a desired outcome, such as to elicit a specific inmune
response in a mammal with a brain tumor or to treat a brain tumor, or to prepare the
dendritic cells for injection into the mammal. Optionally, the kit also contains other
useful components, such as, diluents, buffers, pharmaceutically acceptable carriers,
syringes, catheters, applicators, pipetting or measuring tools, bandaging materials or
other useful paraphernalia as will be readily recognized by those of skili in the art.
The materials or components assembled in the kit can be provided to the
practitioner stored in any convenient and suitable ways that preserve their operability
and utility. For example the components can be in dissolved, dehydrated, or
lyophilized form; they can be provided at room, refrigerated or frozen temperatures.
The components are typically contained in suitable packaging material(s). As
employed herein, the phrase “packaging material” refers to one or more physical
structures used to house the contents of the kit, such as inventive compositions and
the like. The packaging material is constructed by well known methods, preferably to
provide a sterile, contaminant-free environment. The packaging materials employed
in the kit are those customarily utifized in vaccination therapy. As used herein, the
term “package’” refers to a suitable solid matrix or material such as glass, plastic,
paper, foil, and the like, capable of holding the individual kit components. Thus, for
example, a package can be a glass vial used to contain suitable quantities of an
inventive composition comprising dendritic celis pulsed with tumor lysate and at least
one TLR ligand as described above. The packaging material generally has an
external label which indicates the contents and/or purpose of the kit and/or its

components.

EXAMPLES
The following examples are provided to better illustrate the claimed invention
and are not to be interpreted as limiting the scope of the invention. To the extent
that specific materials are mentioned, it is merely for purposes of illustration and is

15



10

15

25

WO 2009/155332 PCT/US2009/047640

not intended to limit the invention. One skilled in the art may develop equivalent
means or reactants without the exercise of inventive capacity and without departing

from the scope of the invention.

Example 1
GL26 and DC2.4 cell lines are well-suited to mode/ glioma and
vaccination therapy in a syngeneic host.

In order to model glioma and test therapeutic vaccination approaches against
glioma in rodents, the inventors utilize the GL26 cell line derived from C57BL/6 mice.
In vivo studies utilize this mode!, which involves intracranial implantation into
recipient mice. Other rodent models of implanted glioma are available and have
been utilized in the inventors’ laboratory over the years, however the inventors
specifically selected this model because it allows incorporation of studies involving
TRL2-, TLR4- TLRS-, MyD88- and TRiF-knockout mice. All these knockouts are
bred against the C57BL/6 background. In mice, the inventors have performed
intracranial implantation into the syngeneic host (wild-type C57BL/6), and the
immunocompromised model, C57BL/6 Nu/Nu mice. Since the inventors’ studies
investigate immune mechanisms in GBM, use of an immunocompromised model
such as the Nu/Nu mice is unsuitable. Data shown herein provides an additional
reason why the Nu/Nu is not a good model as well; specifically, the mice succumb to
tumor implantation significantly faster than immunocompetent mice. (see Fig. 1).

The inventors performed their previously described vaccination therapy
against the GL26 tumor by ex vivo activation of the DC2.4 dendritic cell line with
lysate obtained from GL.26 cells. Subsequently, the inventors adoptively transferred
2 x 10° activated DC2.4 cells into the wild-type C57BL/6 mice (n = 19) at day 3 and
again at 7 days after intracranial implantation of 50,000 GL26 cells. Controls
received no DC2.4 cells, but underwent intracranial implantation of 50,000 GL26
cells, and included athymic nude mice (n = 28) and wild-type C57BL/6 mice (n=32).
Survival was plotted after implantation, and compared with survival in untreated wild-
type C57BL/6 mice that received GL26 implantation, but no DC-based vaccination
therapy (-Morris-lrvin et af unpublished data). Immunocompromised (athymic Nu/Nu)

mice that received GL26 implants had the shortest survival time, followed by
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untreated immunocompetent mice (wild-type C57BL/6). This finding is consistent
with the inventors’ general model, which proposes that a functional immune system
is required to eradicate or at least slow the growth of GL26 glioma cells. All mice
received implantation consisting of 50,000 GL26 cells.

As shown in the survival curves (Fig. 1), DC-vaccinated hosts survived
significantly longer relative to either untreated wild-type mice or nude mice implanted
simultaneously with 50,000 original GL26 tumor celis. Immunocompromised nude
mice that received no DC vaccination treatment exhibited the shortest survival
(median = 17 days; range, 9 — 25 days), followed by wild-type immunocompetent
mice that received no DC vaccination {(median = 27 days; range, 19 — 36 days) (p <
0.01). Vaccinated wild-type mice survived significantly longer than unvaccinated
wild-type mice (median= 31 days) (p < 0.01). Of the vaccinated mice, 20% of the
animals survived until the end of the experiment (50 days). These data indicate that
the effectiveness of vaccination therapy is strongly influenced by the presence or
absence of a fully functional immune system, and thus supports the inventors’
general model. However, only a small proportion (roughly 20%) of vaccinated mice
survived until the end of the experiment. While not wishing to be bound by any
particular theory, the believe that survival is significantly improved by adjuvant
treatment of DCs ex vivo prior to adoptive transfer using TLR ligands.

However, it is possible that despite better survival in vaccine-treated mice,
tumor killing was not enhanced, and so tumor size was not significantly different than
in untreated tumor-bearing mice. For example, it could be that mice that received
vaccination benefited from a nonspecific activation of host defenses that somehow
prolonged survival, for example, by rendering the mice better able to fight infections.
Alternatively, it is possible that survival was enhanced in vaccine-treated mice for
some other nonspecific reason that was unrelated to immune-mediated tumor
cytotoxicity. If survival is a surrogate for tumor size, then one would predict a highly
significant inverse correlation between tumor size and survival that is independent of
treatment condition. Another possible problem is that ex vivo treatment of DCs with
tumor lysate causes a nonspecific activation of host defenses that may or may not
have secondarily improved tumor killing, or at least inhibited tumor growth.

Nevertheless, the inventors’ results described herein provide support that is at least
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consistent with the inventors’ belief that activation of host defenses improves

immune-mediated killing of tumor cells.

Example 2
Noninvasive measurement of tumor size using
{uciferase-expression GL26 cells

In order to follow the progression of tumors in vivo without having to euthanize
the animal, the inventors sought a method for measuring tumor size that is suitable
for in vivo serial imaging of tumors noninvasively. Therefore, the inventors utilized
GL26 luciferase-expressing cells and utilized the Xenogen Living Imaging System to
visualize light produced by the action of luciferin in vivo (Zu et al., Molecular Cancer,
2007). This method of visualizing the amount of light emitted as a representation of
the overall volume of the tumor is quite valuable, in that the relative size of GL26
tumors over time in the same animal can be measured. Figure 2 shows two wild-
type (C57BL/6) mice that received a total of 100,000 GL26 cells implanted into the
striatum. The inventors have chosen fo use these cells in the model, as these celis
will still allow one to examine the size of tumors over defined fime periods as
described herein. Tumor size can be evaluated noninvasively using the Xenogen
bioluminescence imaging system and can also be quantified histopathologically

using computer-assisted software. (Figs. 3 and 4B.)

Example 3
An altemative method of measuring tumor size:
use of GL26 cells expressing EGFP

As an alternative for measuring tumor size, the inventors have generated
(GL.26 cells that express EGFP by transducing GL26 cells with a retrovirus that
encodes EGFP. After implantation, these cells express GFP and can delineate the
borders of the tumor (Fig. 4A). It is essential that tumor mass and/or volume be
accurately and reproducibly measured. Such measurements were performed
histopathologically. For example, hematoxylin & eosin (H&E) histocytochemical
staining was performed to identify the 9L tumor cell line implanted into Fisher rats.
Through the use of H&E, the borders of tumors were delineated. Subsequently,
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tumor volume was assessed by using the formula for an eliipsoid, (length x width x
height)/2, with the height and the width of the tumor being approximately equal
because of the well defined circumference of the tumors generated by the 9L
gliosarcoma, a feature that is aiso shared by the C57B/6J GL26 glioma model
(Morris-Irvin et al.: unpublished). This method allows utilization of brain sections
generated at a known thickness (e.g., 20um) derived from the animal models of
glioma, and identifies the first section by which the tumor is identified and all
subsequent sections are counted thereafter until the end of the tumor. The number
of sections multiplied by the thickness of each section can be calculated and
substituted into the equation for an ellipsoid to determine tumor voiume (Fig. 4B).
Use of GL26 ceils that have been stably transfected with Ientiviral constructs
encoding GFP in implantation experiments couid be problematic. There is no
guarantee these cells will perform the same as non-transfected cells. Transfection
with lentiviral constructs couid itseif influence the host immune response, for
example, and make results of experiments proposed difficult to interpret. Therefore,
validating the use of these cells in the model was performed to that ensure survival

and all other dependent variables measured are analyzed and compared.

Example 4
Activation of DC2.4 dendfitic cells with tumor lysate and
TLR ligands promote survival in glioma mice
DCs Infiltrate and/or Accumulate in Implanted GL26 Tumors in Mice. The
inventors’ model proposes that DCs and/or other antigen presenting cells (“APCs”)
sample, process, present antigen, become activated, and can then stimulate
antigen-specific activation and cional expansion of cytotoxic T cells. However, it is
unclear as to whether DCs migrate to the tumor and process antigen or whether they
are presented tumor antigen at the local lymph nodes. While not wishing to be bound
by any particular theory, the inventors believe that there should be an accumuiation
of DCs in the tumor environment. The inventors show herein that CD11¢+ cells that
are most likely DCs markedly increase in numbers in the immediate vicinity of
implanted GL26 tumors implanted in the brains of wild-type immunocompetent
C57B/6J mice (Fig. 5). Transgenic CD11¢cDTR-GFP mice were utilized and carry a
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transgene encoding a primate diphtheria toxin receptor (DTR)-green fluorescent
protein (GFP) fusion protein under control of the murine CD11¢ promoter that is
expressed by DCs (Jung et al., 2002). Fig. 5 shows markedly increased GFP+ cells
in the region of the tumor. Immunohistochemical staining using antibodies against
GFAP (specific for astrocytes) demonstrated that the tumor was also infiftrated by
astrocytes (Fig. 5). No such accumulation of GFP+ DCs or astrocytes occurred on
the contralateral non-implanted striatum (Fig. 5B). These results lend further support
to the showing that DC migration and/or accumulation in the vicinity of the in vivo
implanted GL26 tumor model for GBM. These data provide direct support for the
inventors’ general model, and also provide indirect support for the DC vaccination
therapy described herein.

Furthermore, the inventors have begun to determine the activation state of
these GFP positive dendritic cells by immunohistochemistry. These GFP positive
dendritic cells were also MHC if positive. The presence and activation of
endogenous microglia were also examined by performing tHC against F4/80 for
microglia and MHCHI in these GL26 implanted mice. F4/80 immunopositive cells
were also positive for MHC 1f in and around the tumor. Furthermore, [MC showed
that astrocyte GFAP antigenicity was increased, which suggested an astrogliosis
response in the inventors’ tumor model. The presence of CD8+ T-cells in and
around the tumor was determined by IHC as the inventors believe that these cells
play a significant anti-tumor effector role in the vaccination therapy described herein.
indeed CD8+ T-cells were present within the tumor and the inventors plan to further

analyze the activated state of these cells under different vaccination paradigms.

Example 5
TLR activation in the DC 2.4 mouse dendritic cell line improves
the efficacy of the inventors’ DC vaccination against glioma
The murine DC2.4 glioma cell line was derived from C57BL/6 mice, and is a
well-characterized celf line for modeling dendritic cell (DC) vaccination therapy in the
inventors' experimental induced glioma model in syngeneic mice.
The inventors believe that activation of TLRs acts as an adjuvant to the tumor

lysate activated dendritic cell based vaccination. This dendritic cell line is chosen
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because this cell line has been used for all the inventors’ previous vaccination
studies and the inventors’ vaccination protocol. Furthermore, the inventors propose
that primary dendritic cells obtained from multiple animais for these experiments may
bring variability in their activation and functional state between animals and
potentially introduce variability in immune recognition molecules, including MHCI.
The inventors' DC vaccination protocol against Gliomas is a non-tumor antigen
specific approach that utilizes GL26 lysate obtained from multiple freeze-thaw
cycles. Evidence is provided that adoptive transfer of tumor lysate and TLR cocktail
(Pam3cys/TLR2, LPS/TLR4 and CpG/TLRY) activated DC2.4 cells into the
experimentally-induced syngeneic GL26 gloma and vaccination mouse model, as
described above, significantly improves survival as compared to untreated and GL26

lysate treated DC2 .4 vaccination. See e.g., Figure 12.

Example 6
Exposure of DC2.4 cells to TLR ligands promotes
the gene and protein expression of TLR downstream targets

DC2 4 cells were activated with a cocktail of TLR2, TLR4 and TLR9 specific
ligands based on evidence that has examined the potential of individual activated
TLRs, inciuding TLR2, TLR3, TLR4, TLR5, TLR7, TLR9 (Pam3cys4, Polyl:C, LPS,
ST-FLA, Gardiquimod and CpG ODN, respectively) to promote DC2.4 activation in
vitro as measured by increased expression of CD80, CD86 co-stimulatory molecuies
and pro-inflammatory cytokines, L6, TNFa, IL-12 and Cox-2. All TLR ligands were
used at concentrations proven to be efficacious (data not shown). Exposure of the
DC2.4 dendritic cell line to TLR ligands leads to increased expression of CD80 and
CD86 protein. The inventors believe that adjuvant therapy with TLR ligands
activates DCs, which in turn would involve upregulation of costimulatory molecules. If
no upregulation of costimulatory molecules occurred, then DCs would not be capable
of adequately activating antigen-specific T cells. The inventors believe that such T
cell activation is important both for anti-tumor cytotoxic attack by antigen specific T
cells, and also for efficacy of vaccination therapy. Hence, it is important to show that
stimulation of DCs in vitro does in fact lead to upregulation of costimulatory

molecules.
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The inventors show that exposure of the dendritic cell line DC2.4 to TLR
ligands in vitro promotes increased expression of co-stimulatory molecules that aid in
the activation of T cells. DC2.4 celis are exposed to heat killed staphylococcus
aureus (Invitrogen, USA) or a cocktail consisting of LPS, Pam3Cys4 and CpG at
varying concentrations (Fig. 6). Control DC2.4 cells were cultured identicaily, but
untreated. Immunocytochemistry against CD80 and CD86 and FACS analysis were
performed to determine the percent of DC2.4 immunopositive for CD80 and CD86.
Treatment with TLR ligand cocktail led to significantly increased expression of both
CD80 and CD86 compared to untreated control cells (Fig. 6) (CD80: TLR ligand
cocktail treated 13.2 +/- 2.5 SEM vs. untreated, 4.2 +/- 2.7 SEM vs,; P < 0.001;
CD86: TLR ligand cocktail treated, 12.3 +/-1.1 SEM vs. untreated, 4.8 +/- 0.5 SEM; P
< 0.001). The TLR ligand cocktail consisted of LPS 100ng+Pam3Cys4 10ug+CPG
TuM).

Example 7
TLR receptor activation is MyD88 dependent and TRIF dependent

While the inventors provide evidence that GL26 tumor cells and TLR ligands
activate DC2 .4 cells, it is unknown if GL26 lysate activation is signaling through
MyD88 -/- and/or TRIF dependent pathways. it is possible that the GL26 tumor cell
activation is signaling through TLRs or at least through downstream signaling
molecules MyD88 and/or TRIF. Therefore, the inventors isolated primary dendritic
cells from MyD88 -/- and wild-type controls and exposed them to GL26 lysate and
TLR ligand LPS. The inventors believe that LPS activation in MyD88-/- DC will not
show up-regutation of TNF-alpha protein as measured by ELISA. The inventors
show herein evidence that LPS does signal through the MyD88 pathway, as MyD88-
/- DC exposed to LPS showed no up-regulation of TNF-alpha protein as measured
by ELISA, while wild-type DCs show significant up-regulations of TNF-aipha protein

compared to controls (Fig. 7).
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Example 8
DC vaccination promotes splenocytes IFNy response, CTL activity, and increases
the number of activated DC 2.4 cells, CD4+ and CD8+ T-cells
DC based vaccination relies on the fact that activated DC subsequently

activate T-cells, some of which are effector anti-tumor CD8+ T cells. A common
assay used to determine the anti-tumor cytoxic T cell effect is to isolate splenocytes
from tumor bearing mice and co-culture these cells with tumor cells to subsequently
measure tumor cell viability. Therefore, isolated splenocytes have been isolated
from GL26 tumor bearing mice that underwent GL26 lysate DC vaccination with or
without TLR cocktail adjuvants ex vivo. Subsequently, these cells were co-cultured
with GL26 tumor cells and various ratioé (e.g., 50:1, 25:1, 12.5:1, splenocytes
(effectors): GL26 (targets)) determine cell viability. A trend of increasing GL26 cell
death is shown when comparing mice vaccinated with GL26 and TLR ligand treated
DC versus GL26 treated DC alone.

Example 9
DC treatment with TLR ligands enhance the efficacy of ex vivo
DC vaccination in preclinical model

The inventors believe that ex vivo dendritic cell activation with TLR2, TLR4
and TLR ligands produce an adjuvant effect that enhances the efficacy of glioma
vaccination therapy. Survival of tumor-implanted mice was significantly improved
after ex vivo treatment of bone marrow-derived DCs (BMDCs) with TLR ligands and
tumor lysate as compared to tumor lysate alone. BMDCs were treated ex vivo with
GL26 tumor lysate and with ligands for TLR2, TLR4, and TLR9, (Pam3Cys, LPS and
CpG ODN, respectively) and compared to DC activation against GL26 lysate
activation or normal brain lysate activation by measuring protein expression levels of
TLR downstream targets (TNF-«, IL-6, IL-12), CD40 and CD86 costimulatory
molecules. CD80 may also be measured. The efficacy of TLR adjuvants and tumor
lysate BMDC vaccination in vivo against GL26 glioma compared to tumor lysate
BMDC activation alone was also determined.

Exposure of primary bone marrow derived dendritic cells (BMDC) to TLR

ligands in vitro differentially promotes increased expression of DC activation marker
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CD40, CD86 co-stimulatory molecules and the production of IL6, TNF-a and 1L-12
cytokines. {See Fig. 8.)

Experiments were performed with at least three replicates per condition. As
controls for these experiments the inventors utilized brain tissue lysate obtained from
healthy C57BL/6 mice and untreated DCs. Furthermore, for each TLR ligand, the
inventors utilized up to three different concentrations previously shown to activate
dendritic cells in order to identify the best concentration for maximal activation of
BMDC. Flow cytometric analysis data suggests that GL26 tumor lysate and
individual TLR adjuvants differentially activate BMDC to a significantly greater
degree than GL26 tumor lysate alone based on CD40 and CD86 expression (Figure
8). The inventors have also examined the expression of CD86 and MHCI! and data
suggests a trend in the increase of expression but no significant difference between
GL26 lysate and lysate plus TLR adjuvants from one independent experiment (data
not shown). However, TLR ligands alone consistently promote increases the
dependent variables measured to a greater degree than TLR ligands with tumor
lysate. However, it is likely that activation by TLR ligands alone would not prime T
cells to be tumor antigen specific. Hence, the combination of TLR adjuvants and
(GL26 lysate are utilized for survival studies. Furthermore, the inventors sought to
determine if DC vaccination with TLR adjuvants increased the production of secreted
cytokines suggests to promote T cell activation, reviewed by Wang et al. (Toll-like
receptors and immune regulation: implications for cancer therapy. ONCOGENE
27:181-189). Therefore, ELISA on BMDC treated with GL26 lysate and individual
TLR ligands were performed as described above. Data overall suggests that TLR
adjuvants differentially but significantly increase the production of pro-inflammatory

and T cell priming cytokines, including IL-6, TNF-aand 1L-12 (Fig. 9).

Example 10
Determination and comparison of the effectiveness of treatment of BMDCs ex vivo
with individual TLR ligands on tumor cell lysate activation of dendritic cells
The inventors believe that adjuvant treatment of BMDCs ex vivo with TLR2, 4
and 9 ligands further activates dendritic cells compared to tumor cell lysate activation
alone. The inventors believe that activation of TLR ligands in primary BMDCs shows

24



10

15

20

WO 2009/155332 PCT/US2009/047640

a significant increase in expression of the dependent variables, CD40, TNF-q, IL-6
and IL-12, and co-stimulatory molecules CD80 and CD86 over that of GL26 Iysate
activation alone. Al of these molecules have been shown to generate a pro-

inflammatory Th1 response and stimuiate T-cells against tumors.

Example 11
TNF-o, IL-6, IL-12, CD80, CD86 and CD40 Expression Analysis

Primary BMBDC cell culture and TLR ligand exposure: Primary BMDCs were isolated
from the femurs of 6-10 week old C57BL/6 mice and cultured in RPMI cell culture
media with GM-CSF (1000 IU/ML) and 1L-4 (1000 IU/ML). BMDCs (1 x 10° celis/ml)
were maintained in cell culture at 37°C, 5% CO; and exposed to with 150 mg GL26
freeze-thaw lysate and either TLR2 ligand (Pam3Cys, 50ug/mli), TLR4 ligand (LPS
50ng/mi), or TLR9 ligand (CpG ODN 1826, 5:M) overnight (ON). Control cells were
treated with 150 mg GL26 freeze-thaw lysate only. To control for the possibility that

effects on DCs are due to nonspecific stimulation with brain tissue and are unrelated

to the tumor per se, a separate set of experiments treats DCs with lysate isolated
from normal age-matched mouse forebrain and/or striatum, the tocation at which the
tumor was implanted. These TLR ligand concentrations are based the inventors’
evidence after testing LPS at 100ng/ml, 50ng/mi and 10ng/mi; Pam3Cys at
100pg/ml, 50pg/mi and 10ug/ml, CpG ODN at 10uM, 5uM and 1uM. ELISA data
demonstrated that the concentrations selected either induced maximum secretion of
dependent variabie proteins, or there was no dose-response effect, in which case
the inventors chose the lowest concentrations for the analysis. To verify that effects
of stimulation by celis with TLR ligand were indeed due to TLR-dependent signaling
and to exclude nonspecific effects, experiments are repeated using BMDCs isolated
from the appropriate knockout mice (/.e., Pam3Cys stimulation with TLR2-/- and
TLR2+/+ BMDC, LPS stimulation with TLR4-/- and TLR4+/+ BMDC, and CpG ODN
stimulation with TLR9+/+ and TLR9-/- BMDC.

Flow Cytometry: For cell surface protein expression of CD86 and CD40, FACS

analysis was performed. Cultured BMDCs are immunostained with the following
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antibodies: CD40-PE and CD86-PE. All antibodies were incubated with culture cells
for 30 minutes in 5% normal goat serum in FACS buffer (0. 1MPB with 0.01% Triton-
X 100) on ice and washed for flow cytometric analysis. For non-fluorophore
conjugated primary antibodies, cells were incubated with appropriate secondary Ab
at a concentration of 1:250 in FACS buffer for 30 minutes on ice. Dual fluorescent
signals on cells were analyzed by FacScan Il cytometer with eguivalent gain, and
gates for positive staining set according to negative (appropriate 1gG secondary
antibodies only) controls, and analysis performed with CellQuest software.
Percentage of immunopositive cells and mean fluorescent intensity were determined,
averaged and compared between groups by T-test or ANOVA and appropriate post-
hoc test. Three independent experiments with at least three replicates per
experiment were performed to ensure reproducibility and allow statistical

comparisons.

For cell surface protein expression of CD11¢, CD80, FACS analysis can also be
performed as described above using anti-CD11¢c-FITC or anti-CD11c-PE to identify
BMDCs.

ELISA: Briefly, BMDCs were cultured in 24-well plates at 3 X 10° cells/ml and
exposed to TLR ligands and lysate for 24 hours. Cell culture media were collected
for ELISA analysis against IL-6, TNF-« and IL-12. Three independent experiments

with at least three replicates per experiment were performed.

Example 12
Determination of the effectiveness of individual TLR ligands combined with tumor celf
lysate vs. tumor lysate alone in DC-based vaccination (ex vivo treatment of BMDCs
with tumor lysate followed by adoptive transfer into mice) against glioma
The inventors believe that glioma bearing mice vaccinated with tumor lysate
and TLR ligand activated BMDCs show significantly slower tumor growth, and
survive longer than mice vaccinated with BMDCs activated by tumor cell lysate

alone.
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intracranial GL26-GFP glioma implantation: GL26 cells that express a transgene for

GFP were implanted in mice.

Dendritic cell vaccination: Primary BMDC were isolated from wild-type, TLR2-/-,
TLRA4-/-. and TLR9-/- mice (and their wild-type littermate controis) and treated as
described above. 5 x 10° GL26 lysate-pulsed BMDCs are injected s.c. on days 3 and

7 post-tumor implantation. Two mice of each genotype yielded enough BMDCs for
DG vaccination in each experimental group. TLRZ2 -/- and TLR2+/+ mice were
exposed to Pam3Cys, TLR4-/- and TLR4+/+ mice are exposed to LPS, and TLRO-/-
and TLRg+/+ mice are exposed to CpG ODN ON.

Euthanasia: Separate cohorts of mice were euthanized at 14 and 21 days after
tumor implantation (to assess pre-terminal effects), and upon acquisition of terminal
neurological symptoms (to assess terminal effects), and their brains removed for
analysis of tumor volume and invasiveness. Separate cohorts of mice were
euthanized for primary DC isolation. Acquisition of neurological symptoms were
assessed by Veterinary Medicine staff, who determines (in blinded fashion) when

sacrifice of mice is necessary.

In vivo analysis of Tumor Size/NVolume-microCT jmaging: Based on previous

experience, on average wild-type C57BL/6 mice survive approximately 30 days after
tumor implantation. The presence or absence of tumor and the tumor volume was
determined by micro CT at day 14 and 21 after tumor. Furthermore, animals
euthanized at day 14 and 21 have their brains removed and fixed and undergo
microCT scanning and analysis. A quantitative morphometric analysis of the tumor
volume was assessed with the aid of microCT scanning (microCT 40; Scanco, USA).
For each animal, the area of tumor formation in the injection site was scanned,
marked, and measured using CT 3D reconstruction and an analysis of total tumor

volume (mm?). Relative values between groups were averaged and compared.

Alternate In vivo analysis of tumor size — H&E: Upon euthanasia, mice were

perfused with 4% paraformaldehyde in phosphate buffer and their brains removed.

27



LA

10

20

25

WO 2009/155332 PCT/US2009/047640

Brains are frozen from cohorts of these mice and 10 mm tumor tissue sections
stained with H&E. Numbers of non-contiguous tumors containing at least 5 cells
within 4-8 tissue sections surrounding the caudate putamen were counted under 10x
magnification. Non-contiguous tumors were quantified within selected regions
throughout the brain, and plotted as the percentage of at least 5 mice with = 1 tumor

within each structure.

Survival monitoring: Mice were immediately euthanized upon acquisition of terminal

neurological symptoms. Time from tumor implantation to euthanasia indicates
survival time/death event. Survival times from individual mice in the same
experimental group were compared against those of control groups by Kaplan-Meier
analysis using log-rank to assess significant differences. Euthanization of all animals
are performed according to the IACUC Animal Safety Standards. The survival study
ends at 90 days post-implantation. All surviving mice were euthanized at 90 days
and considered by Kaplan-Meier analysis. However, euthanization at 90 days is not

considered a death event.

The inventors believe that repeated flow cytometric analyses and ELISA
analyses of the above stated proteins demonstrate that activation of TLR2Z, TLR4
and TLRY in primary BMDCs significantly increases the expression of the dependent
variables over that of GL26 lysate activation alone. The inventors believe that there
are differential survival between groups: non-vaccinated animals have the shortest
survival times, followed by animals vaccinated with GL26 tumor lysate activated
BMDC. As MyD88 signaling is required for all TLRs examined, it may be difficult to
predict which TLR treated group will survive longer. Nonetheless, since TLR4
signals through both MyD88 and TRIF, it is possible that this group may show
differential survival compared to TL.LR2 and TLR9 stimulated groups. The inventors
do not believe that there is a difference in survival of mice vaccinated with primary
BMDCs isolated from TLR knockout mice compared to wild-type littermate controls.
Furthermore, these data begin to elucidate if tumor lysate signals through TLR 2, 4

or 9.
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Example 13
Tumor lysate and adjuvant treatment with TLR ligands
is solely MyD88 dependent

While not wishing to be bound by any particular theory, the inventors believe
that ex vivo treatment of primary BMDCs with TLR ligands exerts an adjuvant effect
that requires intact MyD88-dependent signaling. The inventors believe that survival
of tumor implanted mice vaccinated with BMDCs obtained from MyD88-/- and
treated ex vivo with tumor lysate and TLR ligands (e.g., Pam3Cys/TLR2 is MyD88
dependent, LPS/TLR4 is MyD88/TRIF dependent and CpG ODN/TLRS is MyD88
dependent) does not significantly increase expression of the dependent variables or
improve survival, as compared to mice vaccinated with BMDCs obtained from
MyD88 +/+ littermate controls. Hence, in the absence of MyD88-dependent
signaling, adjuvant effect is partially or completely abolished. It is alsc determined if
tumor cell lysate promotes up-regulation of the dependent variables through MyD88
signaling. As tumor lysate has been used to activate BMDCs for vaccination therapy
against glioma, as well as, tumor specific antigens, it is possible that tumor lysate
may contain proteins that activate MyD88 signaling or even activate TLRs. In order
to begin to elucidate the mechanism by which tumor lysate activates dendritic cells,
the dependent variables after tumor lysate activation in primary BMDCs obtained
from MyD88-/- mice and their wild-type littermates as controls were measured.
Furthermore, in order to determine if any effect demonstrated through GL26 lysate
activation of BMDCs is specific to tumor cells or is represented by non-cell type
specific lysis, normal brain cells were used as controls.

The inventors believe that mice vaccinated with GL26 lysate activated primary
DCs and GL26 lysate and TLR ligand activated primary DCs from MyD88-/- will not
survive longer than controls vaccinated with primary DCs obtained from wild-type
littermate controls. As the TLR ligands all signal through MyD88 intracellular
signaling, in the absence of this molecule, it is expected that no benefit from the
addition of the proposed TLR ligands is seen, except possibly for LPS. LPS partially
signals through TRIF independently of MyD88, hence there may be some

improvement in the efficacy of DC based vaccination against glioma.
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While the inventors provide evidence that GL26 tumor cells and TLR ligands
activate primary BMDC. The inventors did not know if GL.26 lysate activation is
signaling through MyD88 -/- dependent pathways. It is possible that the GL26 tumor
cell activation is signafing through TLRs or at least through downstream signaling
molecule MyD88. Therefore, primary dendritic cells from MyD88 -/- and Wild-type
controls were isolated and exposed to GL26 lysate and TLR ligand LPS at 100ng/m|
or 10ng/ml. The inventors believe that LPS activation in MyD88-/- DC will not show
up-regulation of secreted IL-6 protein as measured by ELISA. Shown herein is
evidence that suggest LPS does signal through the MyD88 pathway as MyD88-/- DC
exposed to LPS showed reduced IL-6 secreted protein levels compared to BMDC
derived from wild-type littermate controls as measured by ELISA. Furthermore, no
significant difference exists between MyD88-/- and wild-type derived BMDC exposed
to brain lysate (Figure 10). These data support of the claim that TLR receptor
activation with tumor lysate is part of the MyD88 dependent pathway:.

Primary BMDCs Isolation: Primary BMDCs were isolated from the bone marrow of

femurs of euthanized MyD88 -/- and their +/+ littermate controls as described above.
BMDCs were activated using 1) GL26 tumor lysate alone; 2) TLR ligands (Pam3cys
(50pg/mi) or LPS (50ng/ml) or CpG ODN (5uM) and tumor lysate for each; 3)

Treatment of DCs with brain lysate alone may also serves as a control condition.

GL26 tumor implantation and subsequent DC vaccination were as described above.

Euthanasia: Separate cohorts of mice were euthanized 14 days after tumor
implantation (to assess pre-terminal affects) and upon acquisition of terminal
neurological symptoms (to assess terminal affects), and their brains removed for
analysis of tumor invasiveness. Separate cohorts of mice were euthanized for

primary DC isolation.

Tumor volume and survival were measured as described above.
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Example 14
TLR adjuvants promote effector CD8" T-cell activation after TLR adjuvant vaccination
therapy in preclinical model

While not wishing to be bound by any particular theory, the inventors believe
that the enhanced activation of dendritic cells through TLR ligation improves the
efficacy (e.g., increase survival and smaller relative tumor volume) of DC based
vaccination therapy against glioma by promoting the anti-tumor effects of cytotoxic
CD8" T-cells. it was determined if there is an increase in the absolute number of
activated DCs (e.g., CD11c" and CD80", CD86" and CD40"), TCRa'/CD4" T-celis
and TCRo/CD8* T-cells in the cervical lymph nodes and spleen, as well as, the
cytotoxic T-lymphocyte (CTL} activity and IFN-y expression levels of splenic tumor
specific, TRP-27/CD8" T-cells in mice that underwent GL26 lysate DC vaccination
with or without TLR ligands. Furthermore, it is determined if vaccination against
GL26 tumor is effective in CD8-/- or CD4-/- mice.

Example 15
Determination and comparison of the number of activated DCs (CD11 C*, CD80",
CD86" and CD40") in cervical lymph nodes and spleen
The inventors believe that tumor lysate with TLR adjuvant DC vaccination
promotes the accumulation of activated DCs in cervicat lymph nodes {o a greater
degree than tumor lysate DC vaccination alone and thus, be an increase in the
absolute number of activated DCs in mice vaccinated with tumor lysate and TLR

ligand activated DCs as compared to DCs activated with tumor lysate alone.

BMDC isolation, GL26 tumor implantation and subsequent DC vaccination are as

described above. Four experimental groups are euthanized for immune cells
analyses 1) GL26 implant with no vaccination 2) GL26 implant with tumor lysate
activated DC vaccination 3) GL26 implant with tumor lysate activated DC vaccination

and TLR adjuvants.

Cervical lymph nodes and spleens are isolated 14 days after tumor implantation.

Animals are euthanized; lymph nodes and spleens are surgically removed and
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dissociated in a PBS-based buffer. Mononuclear cells are purified by Ficoll gradient
and PBMC are concomitantly stained with anti-CD11c/anti-CD80, anti-CD11c/anti-
CD86, and anti-CD11c/anti-CD40, followed by flow cytometric analysis. Specific
expansion of activated DCs, is calculated as the percentage of CD11c+/CD40+ cells
from tumor-bearing wild-type or vaccinated wild-type mice, divided by the percentage
of such cells in naive (non-tumor-bearing} mice. The percentage increase of each

cell type is determined for each group and compared.

Euthanasia: Separate cohorts of mice are euthanized at 14 days after tumor

implantation. Separate cohorts of mice are euthanized for primary DC isolation.

Example 16
Determination of the IFN-y expression levels and cytolytic TRP-2"/CD8" T-cells after
challenge with tumor lysate in mice that received anti-GBM DC vaccination with or
without TLR adjuvant treatment of DCs prior to adoptive transfer

The inventors believe that TRP-2"/CD8" T cells obtained from glioma-
implanted mice that received BMDC treated with both tumor lysate and TLR
adjuvants express greater amounts of IFN-y compared to splenocyte-derived TRP-
2*1CD8* T cells obtained from mice receiving BMDC treated with tumor lysate alone.
Based on their data, the inventors believe that splenic TRP-27/CD8" T-cells obtained
from experimentally-induced GL26 glioma vaccinated with BMDC activated by tumor
lysate and TLR ligands have a significantly greater cytolytic response and increased
expression of IFN-y as compared to BMDC activated by tumor lysate alone.

Based on preliminary evidence, the inventors believe that the absolute
number of TRP-2+/CD8+/IFNy+ splenocytes are significantly greater from mice
vaccinated with tumor lysate and TLR adjuvant activated BMDC as compared to
those vaccinated with tumor lysate activated BMDC or non-vaccinated GL26 tumor
bearing mice. Furthermore, the inventors believe that TRP-2+/CD8+/1FNy+
splenocytes derived from tumor lysate and TLR adjuvant DC vaccinated mice
produces significantly greater amounts of secreted IFNy protein compared to the

other experimental groups.
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BMDC isclation, GL26 tumor implantation and DC vaccination are performed as

described above.

|EN-y flow cytometric analysis and ELISA: Splenocytes are isolated as described

above and immunostained against TRP-27/CD8" T-cells and anti-IFN-y with Golgi
stop, and undergo flow cytometric analysis. Splenocytes derived from different
treatment groups are compared. For ELISA, splenocytes undergo FACS against
TRP-2+/CD8+ T-cells and are plated in 24-well plates at 2 X 10°%/ml for up to 3 days
in RPMI and IL-2 (20 1U/ml) and re-stimulated with GL26 tumor cell lysate. Secreted
IFN-y protein is measured by the IFN-y ELISA kit.

Euthanasia: Separate cohorts of mice are euthanized at 14 days after tumor

implantation. Separate cohorts of mice are euthanized for primary DC isolation.

Example 17
Determination of the cytolytic activity of CD8+ T cells derived from glioma-implanted
mice receiving TLR adjuvants with DC vaccination compared to mice receiving
BMDC treated with tumor lysate alone

The inventors believe that splenocyte-derived CD8+ T cell cytolytic activity is
further enhanced in glioma bearing mice vaccinated with BMDC activated by tumor
lysate and TLRs as compared to tumor lysate alone. As such, it is believed that the
T cell cytotoxic effect on GL26 tumor cells are significantly increased in CD8+
splenocytes derived from tumor lysate and TLR adjuvant DC vaccinated mice
compared to tumor lysate activated DC vaccinated mice and non-vaccinated

controls.

CTL assay TCR Splenocytes were FACS sorted against TCRa+/CD8+ (effectors)
and re-plated in culture with 1L-2 (201U/ml) and GL26 tumor lysate for up to 3 days
and then co-cultured with GL26 cells (Target) in growth phase at E:T ratios of 50:1,
25:1 and 12.5:1. Cultures were then analyzed using the CTL-LDH kit (Roche

Diagnostics, Mannheim, Germany) to determine cytotoxicity.

-
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DC vaccination promoted splenocyte derived cytotoxic T lymphocyte activity.
DC based vaccination relies on the fact that activated DC subsequently activate T
cells, some of which are effector anti-tumor CD8+ T cells. A common assay used o
determine the anti-tumor cytotoxic T cell (CTL) effect is to isolate splenocytes from
tumor bearing mice and co-culture these cells with tumor cells to subsequently
measure tumor cell viability. Therefore, the inventors have isolated splenocytes from
GL26 tumor bearing mice that underwent either GL286 lysate DC vaccination with or
without TLR cocktail adjuvants as described above and were subsequently
euthanized 2 weeks after tumor implantation. Splenocytes were isolated and co-
cultured with GL26 tumor cells and various ratios (e.g., 50:1, 25:1, 12.5:1,
splenocytes (effectors): GL26 (targets) cells ratios for up to three days and
determine cell viability through the use of the LDH-CTL assay (Roche), as described
above. Data shows that there is a trend towards increase splenocyte cytotoxicity in
mice that were vaccinated with DCs activated with GL26 lysate and TLR adjuvants
or vaccinated with DC activated by GL26 lysate alone as compared to mice with no

vaccination.

Various embodiments of the invention are described above in the Detailed
Description. While these descriptions directly describe the above embodiments, it is
understood that those skilled in the art may conceive modifications and/or variations
to the specific embodiments shown and described herein. Any such modifications or
variations that fall within the purview of this description are intended to be included
therein as well. Unless specifically noted, it is the intention of the inventors that the
words and phrases in the specification and claims be given the ordinary and
accustomed meanings to those of ordinary skill in the applicable ari(s).

The foregoing description of various embodiments of the invention known to
the applicant at this time of filing the application has been presented and is intended
for the purposes of illustration and description. The present description is not
intended to be exhaustive nor limit the invention to the precise form disclosed and
many modifications and variations are possible in the light of the above teachings.
The embodiments described serve to explain the principles of the invention and its

practical application and to enable others skilled in the art to utilize the invention in
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various embodiments and with various modifications as are suited to the particular
use contemplated. Therefore, it is intended that the invention not be limited to the
particular embodiments disclosed for carrying out the invention.

While particular embodiments of the present invention have been shown and
described, it will be obvious to those skilled in the art that, based upon the teachings
herein, changes and modifications may be made without departing from this
invention and its broader aspects. It will be understood by those within the art that,
in general, terms used herein are generally intended as “open” terms (e.g., the term
“inciuding” should be interpreted as “including but not limited to,” the term “having”
should be interpreted as *having at least,” the term “includes” should be interpreted

as “includes but is not limited to,” etc.).
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WHAT IS CLAIMED |S:

1. A composition comprising:
a dendritic cell pulsed with tumor lysate and at least one toll-like
receptor (TLR) ligand, and

a pharmaceutically acceptable carrier.

2. The composition of claim 1, wherein the dendritic cell is an autologous
dendritic cell.

3. The composition of claim 1, wherein the dendritic cell is an allogeneic
dendritic cell.

4. The composition of claim 1, wherein the at least one TLR ligand is selected

from the group consisting of a TLR2 ligand, TLR4 ligand, TLR9 ligand and
combinations thereof.

5. The composition of claim 1, wherein the at least one TLR ligand is selected
from the group consisting of Pam3cys, Polyl:C, lipopolysaccharide ("LPS"),
ST-FLA, Gardiquimod, CpG ODN, TLR1/2 Agonist: Pam3CSK4, TLR2
Agonist: HKLM, TLR3 Agonist: Poly(1:C), TLR4 Agonist: LPS E. coli, TLRS
Agonist: Flagellin S. typhimurium, TLR6/2 Agonist: FSL1, TLR7 Agonist:
Imigquimod, TLR8 Agonist: ssRNA40, TLR9 Agonist: ODN and combinations

thereof.

B. The composition of claim 5, wherein the at least one TLR ligand is a
combination of Pam3cys, LPS and CpG ODN.

7. The composition of claim 1, wherein the tumor lysate is from a tumor selected

from the group consisting of breast cancer, colon cancer, lung cancer,
prostate cancer, hepatocellular cancer, gastric cancer, pancreatic cancer,
cervical cancer, ovarian cancer, liver cancer, bladder cancer, cancer of the
urinary tract, thyroid cancer, renal cancer, carcinoma, melanoma, head and
neck cancer, and brain cancer.

8. The composition of claim 7, wherein the brain cancer is selected from the
group consisting of glioma, glioblastoma, glioblastoma multiforme (GBM),

oligodendroglioma, primitive neuroectodermal tumor, astrocytoma,
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ependymoma, oligodendroglioma, medulloblastoma, meningioma, pituitary
carcinomas, neuroblastoma, and craniopharyngioma.
The composition of claim 1, wherein the tumor lysate is from a glioma.
A method of eliciting a specific immune response in a mammal in need
thereof, comprising:

providing a composition comprising:

a dendritic cell pulsed with tumor lysate and at least one toll-like
receptor (TLR) ligand, and
a pharmaceutically acceptable carrier; and

administering the composition to the mammal to elicit the specific
immune response.
The method of claim 10, wherein the dendritic cell is an autologous dendritic
cell.
The method of claim 10, wherein the dendritic cell is an allogeneic dendritic
cell.
The method of claim 1, wherein the at least one TLR ligand is selected from
the group consisting of a TLR2 ligand, TLR4 ligand, TLR@ ligand and
combinations thereof.
The method of claim 10, wherein the at least one TLR ligand is selected from
the group consisting of Pam3cys, Polyl:C, lipopolysaccharide ("LPS"), ST-
FLA, Gardiquimod, CpG ODN, TLR1/2 Agonist: Pam3CSK4, TLR2 Agonist:
HKLM, TLR3 Agonist: Poly(1:C), TLR4 Agonist: LPS E. coli, TLR5 Agonist:
Fiagellin S. typhimurium, TLR6/2 Agonist: FSL1, TLR7 Agonist: Imiquimod,
TLR8 Agonist: ssRNA40, TLR9 Agonist: ODN and combinations thereof.
The method of claim 14, wherein the at least one TLR ligand is a combination
of Pam3cys, LPS and CpG ODN.
The method of claim 10, wherein the tumor lysate is from a tumor selected
from the group consisting of breast cancer, colon cancer, lung cancer,
prostate cancer, hepatocellular cancer, gastric cancer, pancreatic cancer,
cervical cancer, ovarian cancer, liver cancer, bladder cancer, cancer of the
urinary tract, thyroid cancer, renal cancer, carcinoma, melanoma, head and

neck cancer, and brain cancer.

e
-}



WO 2009/155332 PCT/US2009/047640

17.  The method of ciaim 16, wherein the brain cancer is selected from the group
consisting of glioma, glioblastoma, glioblastoma multiforme (GBM),
oligodendroglioma, primitive neuroectodermal tumor, astrocytoma,
ependymoma, oligodendroglioma, medulloblastoma, meningioma, pituitary
carcinomas, neurobiastoma, and craniopharyngioma.

18.  The method of claim 10, wherein the tumor lysate is from a glioma.

19.  The method of claim 10, wherein eliciting a specific immune response treats a
tumor.

20.  The method of claim 19, wherein the tumor is a brain tumor.

241, The method of claim 20, wherein the brain tumor is selected from the group
consisting of glioma, glioblastoma, glioblastoma muitiforme (GBM),
oligodendroglioma, primitive neuroectodermal tumor, astrocytoma,
ependymoma, oligodendroglioma, medulloblastoma, meningioma, pituitary
carcinomas, neuroblastoma, and craniopharyngioma.

22. The method of claim 19, wherein the tumor is a glioma.

23. A method of activating dendritic cells, comprising:

providing at least one toll-like receptor (TLR) ligand; and
pulsing a dendritic cell with the at least one TLR ligand.

24.  The method of claim 23, wherein the at least one TLR ligand is selected from
the group consisting of a TLR2 ligand, TLR4 ligand, TLR9 ligand and
combinations thereof.

25.  The method of claim 23, wherein the at ieast one TLR ligand is selected from
the group consisting of Pam3cys, Polyl:C, lipopolysaccharide ("LPS"), ST-
FLA, Gardiquimod, CpG ODN, TLR1/2 Agonist: Pam3CSK4, TLR2 Agonist:
HKLM, TLR3 Agonist: Poly(I:C), TLR4 Agonist: LPS E. coli, TLRS Agonist:
Flagellin S. typhimurium, TLR6/2 Agonist: FSL1, TLR7 Agonist: Imigquimod,
TLR8 Agonist: ssRNA40, TLR9 Agonist: ODN and combinations thereof.

26. The method of claim 25, wherein the at least one TLR ligand is a combination
of Pam3cys, LPS and CpG ODN.

27. The method of claim 23, wherein the dendritic cell is an autologous dendritic

cell.
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The method of claim 23, wherein the dendritic cell is an allogeneic dendritic
cefl.
The method of claim 23, further comprising puising the dendritic cell with a
tumor lysate.
The method of claim 29, wherein the tumor lysate is from a tumor selected
from the group consisting of breast cancer, colon cancer, iung cancer,
prostate cancer, hepatocellular cancer, gastric cancer, pancreatic cancer,
cervical cancer, ovarian cancer, liver cancer, biadder cancer, cancer of the
urinary tract, thyroid cancer, renal cancer, carcinoma, melanoma, head and
neck cancer, and brain cancer.
The method of claim 30, wherein the brain cancer is selected from the group
consisting of glioma, glioblastoma, glioblastoma multiforme (GBM),
oligodendroglioma, primitive neuroectodermal tumor, astrocytoma,
ependymoma, oligodendroglioma, medulioblastoma, meningioma, pituitary
carcinomas, neuroblastoma, and craniopharyngioma.
The method of claim 29, wherein the tumor lysate is from a glioma.
A kit for eliciting a specific immune response in a mammal in need thereof,
comprising:

a composition comprising:

a dendritic cell puised with tumor lysate and at least one toli-like
receptor (TLR) ligand, and
a pharmaceutically acceptable carrier; and
instructions for administering the composition to the mammail to elicit

the specific immune response.
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FIG. 7
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