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VACCINATION METHODS
Field of the Invention

[{0001] The present invention relates generally to methods of vaccinating a mammal,
and in particular, to vaccination methods useful to boost immune response as well as methods

useful to treat disease.
Background of the Invention

[0002] Although many successful vaccination regimens have either eliminated or
completely controlled infectious diseases, such as smallpox and polio, it has become apparent
that certain pathogens are not readily controlled by current vaccination approaches. For
instance, pathogens such as HIV, Mycobacterium tuberculosis and the malaria parasite all
resist the humoral immunity that is characteristically generated by traditional vaccines.
Significant effort has gone into developing vaccines that can promote potent cellular
immunity to these and related pathogens. Similarly, immunization with tumor antigens
primarily depends on T cells, especially CD8+ CTL, to recognize and destroy cancer cells
because many tumor-associated antigens are intracellular proteins. The induction of cellular
immunity, however, is complex and poses substantial problems for vaccinologists. These
include difficulties in generating cellular immunity that is of sufficient strength and

longevity.

[0003] One potential approach to circumvent these problems is through the sequential
administration of vaccines using heterologous vectors. Although a typical prime-boost
regimen involves DNA- and vaccinia-based vaccines, other combinations using bacteria—
virus or two different viruses has also been explored in animal models. The most used
poxvirus for vaccination is vaccinia virus, which was used for vaccination against smallpox.
Recombinant vaccinia can deliver foreign antigens to the cytoplasm of mammalian cells,
thereby allowing them direct access to antigen processing pathways which leads to
presentation of antigen-derived peptides in association with MHC Class 1 and Class II
molecules on the cell surface. This property makes vaccinia useful as a recombinant vaccine,
particularly for stimulating CD 8+ and CD4+ T cell immune responses. Concern about the

capacity of vaccinia virus to replicate in mammalian cells has limited its clinical use and led

to the search for safer alternatives.
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[0004] With respect to the use of viruses to treat disease such as cancer, oncolytic
viruses (OV) have been found to cure cancer in animal models if they infect tumors and
replicate extensively to mediate complete destruction. However, broad clinical application
requires treating immunocompetent hosts bearing malignancies that may have partially intact
antiviral mechanisms. An active host immune response against the virus that rapidly
eliminates viral replication, leading to incomplete or transient tumor destruction represents an
important barrier to success. It has been shown in naive animals that the development of an
acquired immune response usually takes less than a week, leaving a small window of
opportunity for oncolytic vectors to function. To maximize replication of the administered
virus or re-administered virus, a variety of approaches have been tested ranging from outright

immunosuppression, to the use of carrier cells (so-called “Trojan horses™) and viral cloaking.

[0005] Despite the foregoing attempts to address the problems associated with current
methods of vaccination, it is desirable to develop more effective methods of generating an

immune response in a mammal.

Summary of the Invention

[0006] Novel vaccination methods have now been developed.

[0007] Accordingly, in one aspect of the invention, a method of treating cancer in a
mammal is provided comprising administering to the mammal an oncolytic vector, wherein

the vector expresses a tumour antigen to which the mammal has a pre-existing immunity.

[0008] In another aspect, a kit for use in treating cancer is provided comprising a
tumour antigen, or a vector expressing a tumour antigen, in an amount suitable to induce an

immune response in a mammal, and an oncolytic vector expressing the tumour antigen in an

amount suitable to enhance the immune response.

[0009] In another aspect of the invention, a method of boosting immune response in a
mammal having a pre-existing immunity to an antigen is provided. The method comprises
administering to the mammal intravenously a vector expressing the antigen, wherein said

vector is capable of infecting B cells.

[0010] In a further aspect, a method of boosting immune response in a mammal

having a pre-existing immunity to an antigen is provided comprising intravenously

administering to the mammal antigen-loaded B-cells.
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[0011] In yet a further aspect, a kit for use in boosting an immune response ina
mammal is provided. The kit comprises an antigen, or a vector expressing the antigen, in a
suitable administrable form, and a vector expressing the antigen which is in a form suitable

for intravenous administration.

[0012] These and other aspects of the invention will become apparent in the detailed

description that follows and by reference to the following figures.
Brief Description of the Figures

[0013] FIGURE 1 illustrates the effect of VSV-GFP (A), Ad-hDCT (B and C) and
VSV-hDCT on tumours in vivo;

[0014] FIGURE 2 shows the timeline (A), CD8+ T cell profile (B) and effect on
survival (C) for a combination treatment with Ad-hDCT and VSV-hDCT;

[0015] FIGURE 3 shows the DCT-specific CD8+ T cell profile (A), correlation of
survival to frequency of tumour antigen specific T cells (B), number of DCT T cells (C) and
frequency of gp100 T celis (D) following a combination treatment with Ad-hDCT and VSV-
hDCT;

[0016] FIGURE 4 demonstrates viral titres (A) and brain weights (B) in tumour-
bearing mice following Ad-hDCT vaccination and subsequent treatment with VSV-hDCT;

[0017] FIGURE 5 shows the time course for expansion of DCT specific CD8+T cells

in blood (A), spleen (B) and cervical lymph nodes (C) following VSV-hDCT treatment of
Ad-hDCT primed hosts;

[0018] FIGURE 6 summarizes the time course for short and long interval treatment
regimens (A), and VSV titres in the lungs and brains of mice following the short interval (B)

and long interval (B) time course immunization and treatment protocols;

[0019] FIGURE 7 shows the percentage (A) and number (B) of DCT specific CD8+
T cells in blood when treated with VSV-hDCT either 14 or 100 days following Ad-hDCT

immunization;



WO 2010/105347 PCT/CA2010/000379

[0020] FIGURE 8 illustrates the immune analysis (A) and survival data (B) following
treatment of tumours with a combination treatment of Ad-hDCT vaccination and oncolytic
Maraba-hDCT:

[0021] FIGURE 9 illustrates survival data (A) and median survival (B) of a

combination treatment using dendritic cell vectors to deliver the DCT antigen (DChDCT);

[0022] FIGURE 10 illustrates the effect on tumour volume (A) and survival (B) with
the use of double-deleted vaccinia vector to deliver DCT antigen (ddVV-hDCT) in a

combination treatment;

[0023] FIGURE 11 demonstrates a comparison of delivery routes for the prime boost
regimen;

[0024] FIGURE 12 shows boosting capabilities at different intervals;

[0025] FIGURE 13 demonstrates a comparison between the ability of i.v.

administered VSV and Vaccinia virus at boosting immune responses;

[0026] FIGURE 14 shows the ability of the G-less (mutant) version of VSV to boost

immune responses;

[0027] FIGURE 15 demonstrates the quality of T cells elicited by the prime boost
regimen;
[0028] FIGURE 16 shows the quality of the T cells elicited by boosting with VSV as

compared to boosting with a Vaccinia vector;

[0029] FIGURE 17 demonstrates the T cell response of the boosting regimen using

different antigens and host strains;

[0030] FIGURE 18 shows that the boosting effect mediated by i.v. VSV is CD4+ T

cells independent;

[0031] FIGURE 19 demonstrates the durability of the secondary immune response

and proportion of effector cells that have been converted to memory cells;

[0032] FIGURE 20 shows that an attenuated, interferon-inducing mutant VSV

vaccine boosts equivalently to wildtype VSV
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[0033] FIGURE 21 compares the immune response when VSV and Maraba- based

vectors are utilized to deliver a DCT antigen boost;

[0034] FIGURE 22 illustrates the immune responses in blood (A & B) and spleen (C)
when Ad and Maraba vectors are used to deliver an antigen and Maraba and VSV vectors are

used to boost antigen immunity;

[0035] FIGURE 23 illustrates the immune response with various doses of antigen (A)

to establish a pre-existing immunity and the effect of a VSV boost on each (B);

[0036] FIGURE 24 compares the primary immune response to an antigen in wild-
type vs B cell deficient mice (A) and the immune response in blood and spleen following an

antigen boost (B); and

[0037] FIGURE 25 illustrates the effect of B cell reconstitution (A) on an antigen
boost (B).

Detailed Description of the Invention

[0038] A vaccination method useful to treat cancer in a mammal is provided in which
an oncolytic vector expressing a tumour antigen, to which the mammal has a pre-existing
immunity, is administered to the mammal. The invention provides a method in which the
mammal’s immune response to the tumour antigen outweighs the mammal’s immune

response to the oncolytic virus, thereby resulting in effective treatment of cancer.

[0039] The present vaccination method is useful to treat cancer in a mammal. The
term “cancer” is used herein to encompass any cancer, including but not limited to,
melanoma, sarcoma, lymphoma, carcinoma such as brain, breast, liver, stomach and colon

cancer, and leukaemia.
[0040] The term “mammal” refers to humans as well as non-human mammals.

[0041] The method includes administration to the mammal of an oncolytic vector
expressing a tumour antigen to which the mammal has a pre-existing immunity. As used
herein, the term “pre-existing immunity” is meant to encompass an immunity induced by

vaccination with an antigen, as well as a naturally existing immunity within the mammal.
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[0042] Thus, in one embodiment, to establish a pre-existing immunity, the present
method includes a step of vaccinating a mammal with a tumor antigen appropriate to induce
an immune reaction against target cancer cells. The tumor antigen may, for example, be a
tumor-associated antigen (TAA), e.g. a substance produced in a tumor cell which triggers an
immune response in the mammal. Examples of such antigens include oncofetal antigens
such as alphafetoprotein (AFP) and carcinoembryonic antigen (CEA), surface glycoproteins
such as CA 125, oncogenes such as Her2, melanoma-associated antigens such as dopachrome
tautomerase (DCT), GP100 and MART], cancer-testes antigens such as the MAGE proteins
and NY-ESO1, viral oncogenes such as HPV E6 and E7, proteins ectopically expressed in
tumours that are usually restricted to embryonic or extraembryonic tissues such as PLACI.
As one of skill in the art will appreciate, an antigen may be selected based on the type of
cancer to be treated using the present method as one or more antigens may be particularly
suited for use in the treatment of certain cancers. For example, for the treatment of

melanoma, a melanoma-associated antigen such as DCT may be used.

[0043] The antigen may be administered per se, or, preferably, administered via a
vector, e.g. adenoviral (Ad), poxviral or retroviral vector, a plasmid or loaded antigen-
presenting cells such as dendritic cells. Methods of introducing the antigen into the vector
are known to those of skill in the art. Generally, the vector will be modified to express the
antigen. In this regard, nucleic acid encoding the selected antigen is incorporated into the

selected vector using well-established recombinant technology.

[0044] The antigen is administered to the mammal in any one of several ways
including, but not limited to, intravenously, intramuscularly, or intranasally. As will be
appreciated by one of skill in the art, the antigen, or vector incorporating the antigen, will be
administered in a suitable carrier, such as saline or other suitable buffer. Following
vaccination with a selected tumour antigen, an immune response is generated by the mammal
within an immune response interval, e.g. within about 4 days and extending for months,

years, or potentially life.

[0045] The establish an immune response to the antigen, vaccination using the
antigen is conducted using well-established techniques. Accordingly, a selected antigen, or a
vector expressing the antigen, may be administered to the mammal, in an amount sufficient to
generate an immune response. As one of skill in the art will appreciate, the amount required

to generate an immune response will vary with a number of factors, including, for example,
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the selected antigen, the vector used to deliver the antigen, and the mammal to be treated, e.g.
species, age, size, etc. In this regard, for example, intramuscular administration of a
minimum of at least about 10’ PFU of Adenoviral vector to a mouse is sufficient to generate
an immune response. A corresponding amount would be sufficient for administration to a

human to generate an immune response.

[0046] In another embodiment, the immune response to the antigen may be naturally-
occurring within the mammal and a first vaccination step is not necessary to induce the
immune response. Naturally-occurring immune response to an antigen may result from any

prior exposure to the antigen.

[0047] Once an immune response has been generated in the mammal, within a
suitable immune response interval, e.g. at least about 24 hours, preferably at least about 2-4
days or longer, e.g. at least about 1 week, an oncolytic virus expressing the tumour antigen is
then administered to the mammal in an amount suitable for oncolytic viral therapy, which
will vary with the selected oncolytic virus, and the mammal to be treated, as will be
appreciated by one of skill in the art. For example, a minimum of 10® PFU of oncolytic VSV
administered IV to a mouse is sufficient for oncolytic therapy. A corresponding amount

would be sufficient for use in a human.

[0048] An oncolytic virus expressing a selected tumour antigen may be prepared by
incorporating a transgene encoding the antigen into the virus using standard recombinant
technology. For example, the transgene may be incorporated into the genome of the virus, or
alternatively, may be incorporated into the virus using a plasmid incorporating the transgene.
The present method is not particularly restricted with respect to the oncolytic virus that may
be utilized and may include any oncolytic virus capable of destroying tumour, while being
appropriate for administration to a mammal. Examples of oncolytic viruses that may be
utilized in the present method include rhabdoviruses such as vesiculoviruses, e.g. vesicular
stomatitis virus (VSV) and Maraba viruses, Ephemerovirus, Cytorhabdovirus,
Nucleorhabdovirus and Lyssavirus viruses, as well as measles, vaccinia, herpes, myxoma,

parvoviral, Newcastle disease, adenoviral and semliki forest viruses.

[0049] This combination vaccination method provides effective treatment of a cancer
in a mammal by administering a target tumour antigen to the mammal thereby stimulating an

immune response to the target antigen, followed by enhancement of the immune response by
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administering to the mammal an oncolytic virus that also expresses the tumour antigen. This
method was also found to substantially reduce the mammalian anti-viral response rendering

the oncolytic virus a useful contributor with respect to tumour degradation.

[0050] A kit is also provided in another aspect of the invention useful in the treatment
of cancer. The kit comprises a tumour antigen, or a vector expressing a tumour antigen, in an
amount suitable to induce an immune response in a mammal, and an oncolytic vector
expressing the tumour antigen in an amount suitable to enhance the immune response.

Suitable tumour antigens and oncolytic vectors for inclusion in the kit are described above.

[0051] In another aspect of the present invention, a method of boosting an immune
response in a mammal having a pre-existing immunity to an antigen is provided. The method
comprises intravenous administration to the mammal of the antigen, preferably via a vector
that is capable of infecting B-cells. The term “pre-existing immunity” is as defined above

and may be achieved as described above.

[0052] This method may be utilized to boost immunity with respect to any antigen,
including for example, tumour antigens, viral antigens and particularly antigens derived from
viral pathogenic organisms such as HIV, HepC, FIV, LCMV, Ebola virus, as well as bacterial
pathogens such as mycobacterium tuberculosis. As one of skill in the art will appreciate, the
vector may be prepared to express a selected antigen using well-established recombinant

technology.

[0053] Appropriate vectors for use in delivering an antigen to the mammal are vectors
that are capable of infecting B cells, including for example, rhabdoviruses as set out above
including vesiculoviruses and Maraba-based viruses. Mutant viral vectors are also
appropriate for use in the present method. Mutant attenuated virus, including replication
incompetent forms, are particularly advantageous for use in the present method. The antigen

may also be administered to the mammal loaded in antigen-presenting cells, such as B cells.

[0054] Once the vector is prepared to express the selected antigen, it is administered
intravenously to the mammal for optimal immunity boosting. The amount of vector
administered will again vary with the selected vector, as well as the mammal. In relation to
the pre-existing immunity, the antigen-expressing vector may be administered to the mammal

prior to or coinciding with the peak immune response of the pre-existing immunity. The
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antigen-expressing vector is optimally administered to the mammal to boost the pre-existing

immunity following the effector phase of the priming pre-existing immunity.

[0055] Such intravenous administration of the antigen-expressing vector, e.g. the
boosting vector, results in a significant boost in the immune response to the antigen in
comparison to other routes of administration including intramuscular, intraperitoneal,
subcutaneous and intranasal. The method provides at least about a 4-fold increase in the

immune response as compared with other routes of administration.

[0056] A kit for use in boosting an immune response in a mammal is also provided.
The kit comprises an antigen, or a vector expressing the antigen, in an amount suitable to
induce an immune response to the antigen. The antigen or vector is provided in a suitable
administrable form, e.g. in a form suitable for intravenous, intramuscular or intranasal
administration. The kit also includes a vector expressing the same antigen which is in a form
suitable for intravenous administration, e.g. in a saline or buffered solution. Suitable antigens

and vectors for inclusion in the kit are described above.

[0057] In a further aspect, a method of boosting immune response in a mammal
having a pre-existing immunity to an antigen is provided comprising intravenously
administering to the mammal antigen-loaded B-cells. As indicated, intravenous
administration of the antigen-loaded B cells results in a significant boost to the pre-existing

immune response to the antigen.

[0058] Embodiments of the invention are described in the following specific

examples which are not to be construed as limiting.

Example 1
MATERIALS AND METHODS
[0059] Mice. Female age-matched mice (8-10 weeks old at study initiation),

including C57BL/6 (H-2b) and BalB/c (H-2d) mice (Charles River Laboratories, Wilmington,
MA), were housed in a specific pathogen-free facility. Animal studies complied with
Canadian Council on Animal Care guidelines and were approved by McMaster University’s

Animal Research Ethics Board.
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[0060] Cells. B16-F10 murine melanoma cells and CT26 colon carcinoma cells were
grown in F11-minimum essential medium containing 10% FBS, 2 mM L-glutamine, | mM
sodium pyruvate, vitamin solution, 0.0 mM non-essential amino acids, 50 pM 2-
mercaptoethanol, 100 U/ml penicillin and 100 pg/mL streptomycin (all from Invitrogen,
Grand Island, NY, USA). HEK293T cells were grown in D-MEM plus 10% FBS while Vero
cells were grown in a-MEM plus 10% FBS.

Vectors. Ad-hDCT is an E1/E3-deleted human type 5 Ad that expresses the full-length
hDCT gene and AdBHG is an E1/E3-deleted virus that contains no transgene (Lane, C., et al.
Cancer Res 64, 1509-1514 (2004); Ng et al. Mol Ther 3, 809-815 (2001)). Recombinant VSV
of the Indiana serotype was engineered to express the hDCT by subcloning a hDCT PCR
fragment into the Xhol and Nhel sites between the G and L genes of the plasmid pVSV-XN
(provided by John Rose, Yale University, New Haven, Connecticut) as well as a viral
genome bearing a AMS51 mutation in the matrix gene as described in Stojdl, D.F., et al.
Cancer Cell 4, 263-275 (2003). Analogous Maraba vectors were constructed using the same
strategy. Recombinant genomes were rescued using standard techniques (Lawson et al. Proc
Natl Acad Sci U S A 1995 Sep 12;92(19):9009) to generate replication-competent, hDCT-
expressing VSV (VSV-hDCT). The parental VSV containing no transgene was rescued as a
control virus for some experiments (VSV-MT). A VSV carrying the green fluorescent
protein (GFP) was previously described in Stojdl, D.F., et al. Cancer Cell 4, 263-275 (2003)
and used to monitor infection in this study (VSV-GFP). Viruses expressing a SIINFEKL-
luciferase fusion were used to induce responses versus this ovalbumin-derived epitope as
well. Viruses were also constructed expressing LCMV epitopes to vaccinate against this
virus. Stocks of VSV were produced from HEK 293T cells and purified by centrifugation on

a sucrose gradient. Viral titer was determined by plaque assay on Vero cells.

[0061] Peptides. The immunodominant peptide from DCT that binds to H-2Kb
(DCT180-188, SVYDFFVWL; shared by human and murine DCT) was synthesized by
PepScan Systems (Lelystad, The Netherlands). The H-2Kb-restricted epitope from the N
protein of VSV (RGYVYQGL) and a Db-binding murine gpl00 peptide (mgp10025-33;
EGSRNQDWL) were purchased from Biomer Technologies (Hayward, CA).

[0062] Stereotactic Surgery. To establish brain tumors, mice received intracranial
injections of 1x10°> B16-F10 cells in 2 pl of PBS. Mice were placed in a stereotaxis

(Xymotech Biosystems Inc, Quebec, Canada) and an incision made in the scalp to expose the

10
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skull under anaesthesia. A needle mounted on a 10 pl Hamilton syringe (Hamilton Company,
Reno, NV) was positioned over the right hemisphere of the brain, 2.25 mm lateral to Bregma.
A small burr hole was drilled through the skull and the bevel of the needle inserted into the
brain parenchyma to a depth of 3 mm. Cells were injected over a period of 1 minute. The
needle was left in place for 2 minutes prior to withdrawal to minimize reflux along the
injection tract. The scalp incision was closed with stainless steel clips that were removed 7-

10 days later.

[0063] Lung Metastatic Tumours in BalB/c Mice. BalB/c mice were inoculated
with 2x10° CT26 cells in 200 pl of PBS via tail vein injection. All untreated mice reached the
end point within 24 days.

[0064] Vaccination Protocol. Anesthetised mice were immunized by intramuscular
(i.m.) injection of 1x10® pfu of Ad vector in 100 pl of PBS (50 pl/hamstring) or injection of
2-10x10® pfu of VSV in 200 pl of PBS into the tail vein (i.v.).

[0065] Viral Titering in Tissue Homogenates. To measure intratumoral virus
replication, brains or Iungs were collected 3 days after i.v. inoculation of VSV vectors,
weighed and homogenized prior to titering. Viral titres were quantified by plaque assay on

Vero monolayers and are expressed as plaque forming units (PFU) per gram of tissue.

[0066] Antibodies. The following monoclonal Abs were used in flow cytometry
assays: anti-CD16/CD32 (clone 2.4G2) to block Fc receptors, anti-CD3 (clone 145-2C11),
anti-CD8 (clone 53-6.7) for detecting cell surface markers and anti-IFN-y (clone XMG1.2)
for intracellular staining (all reagents from BD Pharmingen, San Diego, CA, USA).

[0067] T cell Preparation and Intracellular Staining. For PBMC (peripheral
blood mononuclear cell) collection, blood was collected from the peri-orbital sinus and red
blood cells lysed. For TIL (tumour infiltrating lymphocyte) isolation, CNS tumors were
dissected from the brains, weighed, minced and subsequently incubated at 37° for 1 h in
Hank’s buffered saline containing 0.1% collagenase type 1 (Invitrogen Life Technologies)
and DNase (0.1 mg/ml, Sigma-Aldrich, St. Louis, MO). Following the digestion, released
cells were filtered through a 70-uM strainer and TILs were purified using EasySep CD90-PE
system (STEMCELL Technologies, Vancouver, BC). Mononuclear cells from blood and
TILs from the brain tumors were stimulated with peptides (1ug/ml) in the presence of

brefeldin A (GolgiPlug, BD Pharmingen, 1pg/ml added after 1 h of incubation). After 5 h

11
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total incubation time, cells were treated with anti-CD16/CD32 and surface markers
fluorescently labeled by addition of Abs. Cells were then permeabilized and fixed with
Cytofix/Cytoperm (BD Pharmingen) and stained for intracellular cytokines. Data were
acquired using a FACSCanto flow cytometer with FACSDiva 5.0.2 software (BD

Pharmingen) and analyzed with FlowJo Mac Version 6.3.4 software (Treestar).

[0068] Tetramer Staining and BrdU Incorporation Assay. Immunized mice
received i.p. injections of 1mg BrdU 24 h prior to harvest. Lymphocytes from different
organs were first stained with APC-conjugated tetramer H-2Kb/SVYDFFVWL and then
stained for BrdU using the BrdU staining kit (BD Pharmingen) according to the

manufacturer’s instructions.

[0069] Tissue Staining. For staining of brain paraffin sections, tissue was fixed
overnight in 10% formalin, transferred to 70% ethanol, paraffin embedded, and sectioned at a

thickness of 5 pm. Sections were stained with hematoxylin and eosin (Sigma).

[0070] Statistical Analyses. GraphPad Prism version 4.00 for Windows (GraphPad
Software, San Diego, California, USA) was used for all graphing and statistical analyses. T
cell responses were analyzed by Student’s two-tailed t-test or one- or two-way ANOVA.
Differences between means were considered significant at p<0.05. Means plus standard error
bars are shown. Survival data were analyzed using the Kaplan-Meier method and the logrank

test for trend.

RESULTS
Impact of Oncolysis and Tumor Vaccination in Naive Hosts

[0071] C57BL/6 mice received intracranial injections of 1x10° B16-F10 cells. One
week later mice were treated with intravenous injections of 1x10° pfu of VSV-GFP.
Fluorescent microscopy revealed that brains harvested 3 days post-VSV treatment had
evidence of intratumoral GFP expression. Macroscopic examination of brains harvested at
day 4 post-infection revealed a large reduction in tumor burden in VSV-GFP treated brains.
Hematoxylin and eosin stained sections of these brains also indicated this reduction. Survival
studies, as shown in Fig. 1A failed to detect prolonged survival following oncolytic VSV-
GFP treatment (two groups of five mice treated as above and repeated 3 times with similar

results).  Alternatively, on day 5 post-engraftment mice were treated with a single

12



WO 2010/105347 PCT/CA2010/000379

intramuscular dose of 1x10° PFU of Ad-hDCT or Ad-BHG. Immunological analysis of
peripheral blood was performed on day 14 post-vaccination. The percentage of CD8+ T cells
positive for intracellular IFNy following stimulation with the dominant epitope for DCT are
shown in Fig. 1B. Survival data was collected indicating a significant extension of survival
in Ad-hDCT vaccinated mice as shown in Fig. 1C. Experiment was repeated 3 times and
representative data is shown. In another experiment, on day 5 post-engraftment mice bearing
intracranial B16 tumors were treated with a single intravenous dose of 1x10° PFU of VSV-
hDCT. Immunological analysis of peripheral blood was performed on day 14 post-VSV
administration. The percentage of CD8+ T cells positive for intracellular [FNy following
stimulation with the dominant epitopes for DCT and for the VSV nucleocapsid is shown in
Fig. 1D. Survival studies failed to detect prolonged survival following oncolytic VSV-hDCT
treatment (two groups of five mice, repeated 3 times with similar results) as shown in Fig.
1E.

Turning the Immune Response against the Oncolytic Virus (OV) into a Beneficial One.

[0072] The timeline for a combination treatment with Ad-hDCT and VSV-hDCT in
which tumour bearing mice are vaccinated on day S post-engraftment to generate an anti-
DCT response prior to delivery of the oncolytic virus on day 19 is shown in Figure 2A.
Peripheral blood was collected 6 days post-VSV treatment and ICS for IFNy in response to
the dominant epitopes for DCT and for VSV-N was performed. Naive mice displayed a
response versus VSV-hDCT that was dominated by the anti-viral response whereas
vaccinated mice displayed a response dominated by the anti-DCT response and a reduced
anti-VSV response (see Fig. 2B). Fig. 2C shows the pooled survival data for three
independent experiments in which mice were treated with empty Ad vector (Ad-BHG), Ad-
hDCT alone or Ad-hDCT followed by VSV-hDCT (n=19, n=18 and n=15 respectively)., and

clearly establishes the increased survival with the latter combination.

Immunological Features of Oncolytic Virus Inmune Boosting.

[0073] Comparison of the numbers of DCT-specific, IFNy+ CD8+ T cells in the
peripheral blood of tumor-bearing (TB) and tumor-free (TF) C57BL/6 mice at the peak of the
response post-VSV treatment (TB n=7, TF n=5) is shown in Fig. 3A. Pooled data
demonstrating the correlation between the magnitude of the anti-DCT response in the

peripheral blood and survival is shown in Fig. 3B. Data includes mice that were mock
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vaccinated (Ad-BHG, x), Ad-hDCT vaccinated (C) or treated with the Ad-hDCT + VSV-
hDCT combination (). The horizontal lines indicate the mean response achieved in tumor-
free mice +/- SEM (dashed lines). The majority of the responses associated with survival >45
days can only be achieved in tumor-bearing animals demonstrating the importance of using
an oncolytic virus as the boosting vector. Ad-hDCT vaccinated C57BL/6 mice bearing
intracranial B16-F10 tumors were subsequently treated with PBS, VSV-MT (no transgene) or
VSV-hDCT.  Seven days later tumours were collected and IFNy+ tumor-infiltrating
lymphocytes (TILs) responsive to DCT180-188 peptide were enumerated as shown in Fig.
3C. Gpl00-responsive CD8+ T cells were enumerated by ICS for IFNy demonstrating that

combination therapy of tumor-bearing (TB) animals induces epitope spreading (Fig. 3D).
Impact of Vaccination on OV Replication.

[0074] Tumor-free (TF) or B16-F10 tumor-bearing (TB) C57BL/6 mice were
immunized i.m. with Ad vectors. Fourteen days after Ad treatment, mice were given VSV-
hDCT via i.v. injection and the brains were weighed and homogenized 3 days after VSV
inoculation. Viral titres were quantified by plaque assay on Vero monolayers and are
expressed as PFU per gram of brain tissue (Figure 4A). Brain weights are summarized in

Figure 4B. Data were pooled from two experiments with 5 mice per group.
Kinetics of T cell replication following VSV-hDCT treatment.

[0075] Tumor-free C57BL/6 mice were immunized with Ad-hDCT for 14 days prior
to VSV-hDCT inoculation. Immunized mice received i.p. injections of Img BrdU 24 h prior
to harvest. Tissues were harvested every 24hr to monitor T cell proliferation over 7 days.
The proliferation of antigen-specific CD8+ T cells in the blood (Figure 5A), spleen (Figure
5B) and cervical lymph nodes (Figure 5C) was determined by co-staining with an antibody
for BrdU and tetramer H-2Kb/SVYDFFVWL. Each symbol represents S mice and the

experiment was repeated twice with similar results.

Impact of Vaccination on Oncolysis in a Lung Metastatic Model.

[0076] BalB/c mice were immunized i.m. with 10® PFU of Ad-hDCT 14 days before
(long interval) or on the same day (short interval) of CT26 tumor engraftment (2x10° cells,
Lv. injection) as shown in the time-line (Fig. 6A). Fourteen days after tumor inoculation,

mice were treated with 2x10® PFU of VSV-hDCT or VSV-GFP via tail vein injection. Whole
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lungs were harvested and homogenized 4 days after VSV treatment. Viral titres were
quantified by plaque assay on Vero monolayers and are expressed as PFU per gram of tissue

(see Figs. 6B and 6C, respectively). Data were pooled from two experiments with 5 mice per

group.
Increased interval between prime and boost enhances magnitude of response.

[0077] C57BL/6 mice were initially immunized with an i.m. dose of 10® PFU of Ad-
hDCT. Fourteen or 100 days later, mice were given 10° PFU of VSV-hDCT via tail vein
injection. The percentage (Figure 7A) or number (Figure 7B) of DCT-specific, IFNy-
secreting CD8+ T cells in the blood was quantified by FACS analysis 7 days post VSV

treatment. Each bar represents 5 mice.
Maraba-based oncolytic vaccine vectors

[0078] C57/B6 mice bearing intracranial B16F10 tumours were vaccinated with Ad-
BHG (empty vector, negative control) or Ad-hDCT (1x10* PFU IM). One group
subsequently received a single intravenous dose of Maraba-hDCT (2x10° PFU). Immune
analysis was performed on peripheral blood T cells 5 days later (three bars per treatment, left
bar is IFNy+, middle is TNFo+ and right bar is double positive in each case) (Figure 8A) and

survival data was recorded (Figure 8B).
Vaccination with antigen-loaded dendritic cells

[0079] C57/B6 mice were engrafted intravenously with BI6F10 cells. Mice were
vaccinated with Ad-hDCT or hDCT-loaded dendritic cells (DCs) alone or in combination
with subsequent IV delivered VSV-hDCT. Survival data was collected, as shown Fig. 9A.
Two mice treated with the combination of DChDCT+VSVhDCT were long-term survivors
(sacrificed at 100 days post-engraftment, lungs were clear). Ad-vaccinated groups and the
DC-vaccinated group all displayed significantly greater median survival versus PBS treated
group while the combination DC-hDCT+VSV-hDCT treated group displayed the greatest

median survival. (Figure 9B).
Vaccination with antigen-loaded Vaccinia viral vector

[0080] Day 10 subcutaneous B16F10 melanoma tumours were treated with PBS,
double-deleted vaccinia-hDCT (ddVV-hDCT, 1x10® PFU IT) alone or ddVV-hDCT followed
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four days later by VSV-hDCT (2x10° PFU IV). Tumour volumes (Fig. 10A) and survival
data (Fig. 10B) are provided and illustrate the increased response for the combination

therapy.

Discussion

[0081] An aggressive intracranial (i.c.) B16 melanoma model was utilized in an
immunocompetent host using melanoma-associated antigens. In this model, C57BL/6 mice
were engrafted with 1x10° B16-F10 cells through i.c. injection and the median survival time
following tumor delivery was 15 days (cumulative data for untreated controls, n=41). To
evaluate the efficacy of VSV treatment, mice carrying 5-day-old B16 tumors were treated
with a single intravenous (i.v.) dose of 1x10° VSV-GFP. The tumor was infected with VSV
resulting in a clear reduction in tumor volumes as expected. However, this effect was

transient and failed to translate into a survival benefit (Fig 1a).

[0082] In another approach, the treatment of i.c. B16 melanoma via tumor vaccination
was tested. C57BL/6 mice were engrafted with an i.c. dose of 1x10° B16 cells and these were
treated intramuscularly (i.m.) with 1x10® PFU of Ad-hDCT 5 days post-engrafiment. CD8+
T cell response against an immunodominant epitope DCT180-188 (identical between human
and mouse) was evident in peripheral blood one-week post-vaccination and peaked at day 12-
14 (~3.5% IFN-y+ CD8+ T cells, Fig 1b). Compared to VSV treatment, Ad-hDCT
vaccination significantly extended survival (median time to death 32 days vs. 19 days,
P=0.0044) (Fig 1c) but was unable to cure any of the mice. No DCT-specific T cells or

protection was measured in mice immunized with a control vector Ad-BHG or PBS.

[0083] In a further approach, VSV was engineered to express hDCT (VSV-hDCT)
and treated mice having i.c. B16-F10 tumors with the VSV-hDCT vector. This vector
induced a small anti-DCT CD8+ T cell response (0.26%, Fig 1d) which was 12-times smaller
than that elicited by Ad-hDCT (3.2%, Fig. 1b). However, a high level of CD8+ T cells
against an epitope from the VSV nucleoprotein was detected following VSV-hDCT treatment
(14.0%, Fig. 1d) suggesting that the antiviral response dominated the immunological
outcome. Similar to the observation with VSV-GFP (Fig. 1a), treatment with VSV-hDCT did
not provide any survival benefit (Fig. 1e). Thus the potent antiviral immune response elicited

by the oncolytic virus not only causes the oncolytic impact of the vector to be transient, but
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also dominates attempts to directly induce immune responses against the tumor-associated

antigen (TAA) transgene.

[0084] In a further approach, an immune response against a defined tumor antigen
was induced followed by treatment with an oncolytic virus expressing that same antigen.
C57BL/6 mice bearing 7-day-old i.c. B16 tumors were treated by i.m. injection of 1x10° PFU
of either Ad-BHG or Ad-hDCT. Fourteen days later, mice were given a single i.v. dose of
VSV-GFP or 1x10° PFU of VSV-hDCT (Fig. 2a). As summarized in Figure 2b, Ad-hDCT
immunization followed by VSV-hDCT in tumor-bearing mice resulted in 22% of blood-
derived CD8+ T cells being DCT-specific; 7-fold (compared to Fig. 1b) or 85-fold (compared
to Fig. 1d) higher than either vector treatment alone. Furthermore, not only did this
combination significantly enhance the immune response to the TAA, it actually reduced the
magnitude of the anti-VSV CD8+ T cell response as compared to that observed following
exposure of a naive mouse to this OV (from 14% to 4.7% of blood-derived CD8+ T cells;
Fig. 2b), demonstrating an inversion of the immune response against the oncolytic vaccine
virus where the anti-tumoral response now dominated over anti-viral immunity. Most
importantly, the combination therapy led to a further extension in median survival, i.e. a
synergistic effect (15 days median survival with Ad-BHG alone, 30.5 days median survival
with Ad-hDCT alone, 54 days median survival with combination treatment) and 20% of mice
treated in this fashion displayed a long-term, durable cure (Fig. 2¢) following just one dose of

each vector.

[0085] The magnitude of the anti-DCT T cell response was greater in tumor-bearing
animals than in tumor-free animals demonstrating the advantage of using a replicating OV to
deliver the transgene in the presence of a tumor (Fig 3a). Furthermore, survival was directly
correlated with the level of DCT-specific CD8+ T cells where the greatest extension to
survival was only achieved when the magnitude of this immune response exceeded what
could be generated in tumor-free hosts (Fig. 3b). Thus maximal therapeutic effect was
mediated through replication of the boosting oncolytic vector within the tumor. As well, the
frequency of tumor-infiltrating CD8+ T cells specific for DCT was significantly higher in
VSV-hDCT treated animals as compared to those treated with the VSV-MT control virus,
indicating that treatment with VSV-hDCT not only resulted in an overall increase in the
number of antigen-specific CD8+ T cells in the periphery but also enhanced their recruitment

into the tumor (Fig. 3c). Interestingly, a CD8+ T cell response against GP100, another TAA
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with which the mice were not vaccinated, was detected providing evidence of epitope
spreading likely resulting from enhanced tumor destruction by both anti-DCT CTL and viral
oncolysis because an anti-GP100 response was not measured with either treatment alone (Fig.
3d).

[0086] Although the observations described above suggest that VSV-hDCT remains
oncolytic in the presence of immune response against the vector transgene, the impact of such
pre-existing immunity on VSV replication was evaluated. Tumor-free mice and mice bearing
intracranial B16-F10 tumors were treated with Ad-hDCT or Ad-BHG. Fourteen days later,
mice were given an i.v. dose of 1x10° PFU VSV-hDCT. Brains were harvested 42 hrs post-
VSV delivery and viral titres were determined. In mock-vaccinated mice both tumor-free and
tumor-bearing brains displayed abundant VSV-hDCT replication, with tumor-bearing brains
displaying a viral titre 50 times higher (Fig 4a). As mock vaccination did not impede tumor
growth these mice had a significant tumor burden (Fig 4b) and were very near endpoint at the
time of euthanasia. In the Ad-hDCT vaccinated mice the VSV titres were much lower,
however the tumor-bearing brains still exhibited a higher VSV-hDCT titre (Fig 4a) even
though these brains had minimal tumor burden at this time-point (Fig 4b). Thus, VSV was
still able to infect and replicate in this residual tumor despite pre-existing immunity to the
vector transgene. To determine the time lag for expansion of DCT-specific CD8+ T cells by
VSV-hDCT, mice were boosted with VSV-hDCT and received BrdU 24 hrs prior to tissue
harvests that included spleens and lymph nodes. Data summarized in Figure 5 indicate that
expansion of CD8+ T cells was not detected until day 3 post-VSV-hDCT treatment. These
data suggest that the oncolytic vaccine vector had at least 3 days to replicate in the presence
of the primary immune response against the TAA transgene prior to the large expansion in

TAA-specific T cells observed post-treatment.

[0087] As Ad-hDCT had a large impact on tumor burden, it was difficult to
quantitatively analyze the impact of a pre-existing immune response against a transgene on
viral replication in the B16 model. Therefore, this effect was measured in a different tumor
model where DCT was not a tumor antigen. This allowed a comparison where mice had
similar tumor burdens regardless of vaccination and also allowed for flexibility with regards
to the interval between vaccination and viral oncolysis. To this end, a CT26 colon carcinoma
lung metastatic model was selected where DCT was irrelevant. Mice were inoculated i.v.

with CT26 cells and vaccinated i.m. with Ad-hDCT on the same day. Fourteen days later,
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mice received 2x10® PFU of either VSV-hDCT or VSV-GFP via i.v. injection. To measure
viral replication, mice were euthanized 96 hrs post-VSV administration and lungs and brains
were collected for determination of VSV titres by plaque assay (Fig 6a). An approximately
1.5 log reduction of viral titres was observed in both the lungs and brains of VSV-hDCT
treated animals, as compared to VSV-GFP controls (Fig. 6b). Interestingly, however, there
was a smaller reduction in VSV-hDCT lung titres if mice were immunized 14 days prior to
CT26 engraftment (27 days before VSV-hDCT treatment) (Fig. 6¢), suggesting an increased
interval between these two treatments can potentially minimize the trade-off in oncolysis. A
significant reduction in VSV-DCT brain titres (Fig 6¢) was also observed demonstrating that
prior vaccination against a non-structural transgene encoded by an oncolytic virus (OV)

reduces OV replication in normal tissues and thus enhances the safety profile of the OV.

[0088] The reduction in oncolysis can be further minimized by increasing the interval
between vaccination and OV administration, as the frequency of antigen-specific effectors
subsides over time. A further benefit of extending the interval between vaccination and viral
oncolysis can be demonstrated in tumor-free animals where the mean frequency of CD8+ T
cells specific for the immunodominant epitope of DCT reached 37% (double the level seen
when done at 14 day timepoint) if VSV-hDCT was administered 100 days after Ad-hDCT
(Figure 7).

[0089] In view of the foregoing, a treatment strategy that effectively uses tumor
vaccination to modify the immune response against an engineered oncolytic viral vector in
such a manner so as to allow for a transient viral oncolysis that leads directly to a massive
anti-tumoral immune response is demonstrated. By rigging the system such that the
dominant immune response versus the oncolytic virus also happens to be an anti-tumoral
immune response functions to extend the impact of the viral vector through this immune
reaction. Thus, engineering oncolytic viruses to express natural tumor antigens may induce a
weak T cell response against the tumor antigen but this response is entirely overshadowed by
the immune response against viral antigens. Although prior immunization against an
oncolytic vector transgene may appear to be counter-intuitive as it may impair viral delivery
or replication, the present results demonstrated that the oncolytic vaccine became more potent
under these circumstances since it dramatically amplified the pre-existing anti-tumoral
immunity while retaining oncolytic activity, leading to significantly improved clinical

outcomes. Surprisingly, pre-existing immunity did not prevent intratumoral viral replication
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and large immunological benefit of this approach makes this a reasonable trade-off. While
this enhanced antigen-specific response may further reduce replication of the OV, the data
from BrdU-labelled mice indicated there is at least a 3-day window of opportunity for viral
oncolysis. In fact, recruitment of CTL into the tumor at that point is desirable and enhances

clearance of both the virus and the tumor.

[0090] An additional benefit of this approach is the enhanced safety profile exhibited
by the oncolytic vaccine vector. The data demonstrates intracranial infection by VSV
following intravenous delivery, however, viral titers were lower in the brains of immunized
animals and most strikingly, there was no hind-limb paralysis in any of the mice that had
been vaccinated against the viral transgene even though wild-type VSV was used. This
combination therapy was also tested with an interferon-inducing mutant of VSV expressing
hDCT and resulted in comparable survival in the intracranial B16 model (not shown)
indicating that this approach can be successfully combined with other means of viral

targeting and attenuation.

[0091] The present combination therapy method can utilize various methods of
generating a pre-existing antigen immune response (viral, plasmid and cellular), and can also

utilize various oncolytic vaccine vectors including VSV and Maraba.

Example 2
MATERIALS AND METHODS
[0092] Viruses - VSV vectors used were constructed using a plasmid genome bearing

a wildtype M gene (pVSV-XN) or an M protein mutant of the Indiana serotype (®M51-VSV)
and were created by subcloning PCR fragments between the Xhol and Nhel sites of the
plasmids pVSV-XN or pAMS5. VSV/SIINFEKL-Luc (VSV/SIIN) contains a modified
version of luciferase bearing the immunodominant class-I epitope from OVA (SIINFEKL)
tagged to the N-terminus. VSV/hDCT carries a human melanoma- associated antigen,
dopachrome tautomerase (DCT). VSV/GFP harbors the green fluorescent protein and the
control virus, VSV/MT, contains no transgene. VSV vectors were propagated in 293T cell
cultures and purified by centrifugation on a sucrose gradient. Double-deleted vaccinia virus-
hDCT (ddVV-hDCT) is a recombinant, thymidine kinase and vaccinia growth factor double-

deleted vaccinia virus engineered to express hDCT. Vaccinia was grown on CV1 cells.
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[0093] Peptides - The immunodominant peptide from DCT that binds to H-2K"
(DCTi50-188, SVYDFFVWL; shared by human and murine DCT) (Parkhurst et al, 1998) and a
K"-binding peptide from OVA (SIINFEKL) were synthesized by PepScan Systems (Lelystad,
The Netherlands).

[0094] Vaccination Protocol - Anesthetised mice were immunized by i.m. injection
of 1 x 10% pfu of Ad vector in 100 pl of PBS (50 ul/hamstring) and followed by i.v. injection
with 1-2 x 10° pfu of VSV in 200 pl of PBS into the tail vein. The interval ranges from 8 to
233 days.

[0095] Antibodies - The following monoclonal Abs were used in flow cytometry
assays: anti-CD16/CD32 (clone 2.4G2) to block Fc receptors, anti-CD3 (clone 145-2C11),
anti-CD4 (clone RM4-5), anti-CD8 (clone 53-6.7) for detecting cell surface markers and anti-
IFN-y (clone XMG1.2) and anti-TNF-o (clone MP6-XT22) for intracellular staining (all
reagents from BD Biosciences, San Diego, CA, USA). Immunodepletion studies were
conducted with the mAbs GK1.5 (anti-CD4) and/or 2.43 (anti-CD8) from ATCC. Purified
mAbs (250 pg in 500 pl saline) were injected i.p. two days apart and then twice a week
thereafter at a maintenance dose of 200 pg per treatment. The efficiency of specific depletion

of lymphocyte subsets was >98% as measured by flow cytometry.

[0096] T cell Preparation and Intracellular Staining - Blood was collected from
the peri-orbital sinus and red blood cells lysed. Spleens and lymph nodes were incubated in
Hank’s buffered salt solution (HBSS) with 0.05 mg/ml of collagenase type I (Invitrogen Life
Technologies) at 37° for 30 min. and then pressed between microscope slides to generate
single-cell suspensions. For TIL isolation, CNS tumors were dissected from the brains of
PBS-perfused mice, then weighed, minced and subsequently incubated at 37° for 45 min. in
HBSS containing 0.5 mg/ml collagenase type I, 0.2mg/ml DNAse and 0.02 mg/ml
hyaluronidase (Sigma-Aldrich, St. Louis, MO). Following digestion, released cells were
filtered through a 70-uM strainer and TILs were purified using the EasySep CD90.2-PE
system (STEMCELL Technologies, Vancouver, BC). Prepared mononuclear cells were
stimulated with peptides (1 pg/ml) in the presence of brefeldin A (GolgiPlug, BD
Pharmingen, 1pg/ml added after 1 h of incubation). After 5 h total incubation time cells were
treated with anti-CD16/CD32 and surface markers fluorescently labeled by the addition of
Abs. Cells were then permeabilized and fixed with Cytofix/Cytoperm (BD Pharmingen) and

stained for intracellular cytokines. Data were acquired using a FACSCanto flow cytometer
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with FACSDiva 5.0.2 software (BD Pharmingen) and analyzed with FlowJo Mac Version
6.3.4 software (Treestar).

[0097] B Cell Isolation and culture - Splenic B cells were isolated by negative
selection using a MACS kit (Miltenyi) to remove no0-B cells. B cells were cultured in
IMDM plus FCS and mulL2 for 4 days prior to infection with Ad or VSV vectors at an MOI

of 25 for 2 hours prior to washing and administration via the tail vein into recipient mice.

RESULTS

[0098] C57BL/6 mice (n=5/group) received i.m. injections of 1x10° pfu of Ad-hDCT
on day 0 followed by injections of 1x10° pfu of VSV-hDCT by various routes (im.:
intramuscular, s.c.: subcutaneous, i.p.: intraperitoneal, i.n.: intranasal, i.v.: intravenous) on
day 14. Seven days later, blood-derived T cell responses to the immunodominant epitope
from the melanoma-associated antigen, dopachrome tautomerse (DCT180-188) were
measured by flow cytometric analysis of intracellular staining of interferon-gamma following

re-stimulation with the peptide 9 (see Fig. 11).

[0099] C57BL/6 mice (n=5/group) received i.m. injections of 1x10% pfu of Ad-hDCT
on day 0 followed by i.v. injections of 1x10° pfu of VSV-hDCT at the peak of the primary
immune response, day 14 (Figure 12a), or before the peak, day 8 (Figure 12b) (Note: Ad-
induced peak is day 12-14). Seven days later, blood-derived T cell responses to the
immunodominant epitope from the melanoma-associated antigen, dopachrome tautomerse
(DCT180-188) were measured by flow cytometric analysis of intracellular staining of
interferon-gamma following re-stimulation with the peptide. This strategy worked in both
tumour-free (Figure 12a) and tumour-bearing (Figure 12b; in this case, intracranial B16-F10

melanomas, known to be immunosuppressive) scenarios.

[00100] C57BL/6 mice (n=>5/group) received i.m. injections of 1x10® pfu of Ad-hDCT
on day 0 followed by i.v. injections of 1x10” pfu of VSV-hDCT or ddVV-hDCT on day 232.
Blood-derived T cell responses to the immunodominant (SVY) (Figure 13a) and second
most dominant (VIT) (Figure 13b) epitopes from the melanoma-associated antigen,
dopachrome tautomerse, were measured by flow cytometric analysis of intracellular staining

of interferon-gamma following re-stimulation with the peptide.
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[00101] C57BL/6 mice (n=5/group) received i.m. injections of 1x10® pfu of Ad-hDCT
on day 0 followed by i.v. injections of 1x10” pfu of VSV-hDCT or VSV-deltaG-hDCT (a
version of the vector that leads to a non-productive infection; considered extremely safe) on
day 35. Blood-derived T cell responses to the immunodominant (SVY), second most
dominant (VIT) and third most dominant (STF) epitopes from the melanoma-associated
antigen, dopachrome tautomerse, were measured by flow cytometric analysis of intracellular

staining of interferon-gamma following re-stimulation with the peptide (Fig. 14).

[00102] C57BL/6 mice (n=5/group) received i.m. injections of 1x10® pfu of Ad-hDCT
on day 0 followed by i.v. injections of 1x10° pfu of VSV-hDCT on day 8. On days 8, 15, 22
and 29 post-Ad, blood-derived T cell responses to the immunodominant (SVY) epitope from
the melanoma-associated antigen, dopachrome tautomerse, were measured by flow
cytometric analysis of intracellular staining of interferon-gamma following re-stimulation
with the peptide. More T cells produced tumour necrosis factor (TNF)-alpha (Figure 15a)
(expressed as a ratio of double cytokine to single cytokine-producing cells) in response to
VSV-hDCT boosting as compared to Ad-hDCT alone, with or without the presence of B16-
F10 brain melanomas, or Ad + a control VSV vector (VSV-GFP). In addition, each T cell
from VSV-hDCT-boosted mice produced more interferon-gamma (Figure 15b).

[00103] C57BL/6 mice (n=5/group) received i.m. injections of 1x10® pfu of Ad-hDCT
on day 0 followed by i.v. injections of 1x107 pfu of VSV-hDCT or ddVV-hDCT on day 232.
Blood-derived T cell responses to the immunodominant (SVY) (Figure 16 a, ¢) and second
most dominant (VIT) (Figure 16 b, d) epitopes from the melanoma-associated antigen,
dopachrome tautomerse, were measured by flow cytometric analysis of intracellular staining
of interferon-gamma following re-stimulation with the peptide. The amount of interferon
(IFN) gamma produced on a per-cell basis (Figure 16 a, b) and the proportion of IFN-gamma-

producing cells that also secreted tumour necrosis factor (TNF) alpha (Figure 16 c, d) were

evaluated.

[00104] C57BL/6 (Figure 17a, b) or BALB/c (Figure 17¢) mice (n=5/group) received
i.m. injections of 1x10® pfu of Ad-hDCT on day 0 followed by i.v. injections of 1x10° pfu of
VSV-SIIN (Figure 14a) or VSV-hDCT (Figure 17b, ¢) or VSV-murine DCT (VSV-mDCT)
(Figure 17b) 17 days (Figure 17a) or 35 days later (Figure 17b, c). Five days post-VSV,
blood-derived T cell responses to SIINFEKL (Figure 17a) or the melanoma-associated
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antigen, dopachrome tautomerse (Figure 17b, ¢) were measured by flow cytometric analysis

of intracellular staining of interferon-gamma following re-stimulation with the peptide.

[00105] C57BL/6 mice (n=5/group) received i.m. injections of 1x10® pfu of Ad-SIIN
on day 0 followed by i.v. injections of 1x10° pfu of VSV-SIIN on day 17. Ten days post-Ad
(1° response) and five days post-VSV (2° response), blood-derived T cell responses to
SIINFEKL where measured by tetramer staining. Results show the frequency (Figure 18a),

number (Figure 18b) and fold-increase in these responses.

[00106] C57BL/6 mice (n=5/group) received i.m. injections of 1x10® pfu of Ad-SIIN
on day 0 followed by i.v. injections of 1x10° pfu of VSV-SIIN on day 14. On days 10, 19, 51
and 233, blood-derived T cell responses to SIINFEKL where measured by tetramer staining.
Longevity of the response is shown in (Figure 19a). The proportion of effector memory
(defined as CD127+CD62L-) (Figure 19b) and central memory (CD127+CD621L+) (Figure
19¢) SIINFEK L-specific cells were assessed on day 51.

[00107] C57BL/6 mice (n=5/group) received i.m. injections of 1x10® pfu of Ad-SIIN
on day 0 followed by i.v. injections of 1x10° pfu of either wtVSV-hDCT or deltaM51VSV-
hDCT on day 14. Five days post-VSV, blood-derived T responses were measured by flow
cytometric analysis of intracellular staining of interferon-gamma following re-stimulation

with the peptide (Fig. 20).

[00108] C57/B6 mice were primed with Ad-hDCT and then boosted with an
intravenous dose of either VSV-hDCT or Maraba-hDCT 14 days later. Immune analysis of
CD8+ T cell responses were measured in peripheral blood. At an equivalent dose the
response induced by Maraba vaccination was 3-8 fold as large as the VSV-induced responses
versus transgene (Fig. 21). In a further experiment, C57/B6 mice were either primed with
Maraba-hDCT (2x10° PFU IV) or primed with Ad-hDCT (1x10°® PFU IM) and boosted with
Maraba-hDCT (2x10° PFU 1V). Immune responses were measured in blood and spleen 5
days later (three bars per treatment, left bar is [FNy+, middle is TNFa+ and right bar is
double positive in each case) as shown in Fig. 22A. Maraba-hDCT administered IV 9 or 12
days post-Ad priming (at the peak of the Ad-induced effector phase) can still boost immune
responses (Fig. 22B). Intravenously administered Maraba-hDCT and VSV-hDCT both
significantly boost immune responses in BalB-C mice (mice treated as in A, bars represent

IFNy+, TNFao+ and double+ left to right for each treatment) as shown in Fig. 22C.
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[00109] C57/B6 mice were primed with varying doses of VSV and vaccinia expressing
SIINFEKL-luciferase to prime a response versus this OVA epitope (Fig. 23A) and
subsequently boosted with intravenously administered VSV-hDCT. SIINFEKL-specific T
cell responses were measured and shown in Fig. 23 to be significantly enhanced by the

subsequent VSV boost.

[00110] C57/B6 mice were given a single intravenous dose of 2x10° PFU VSV-GFP
and 24 hours later the spleens were collected for flow cytometric analysis. 61.3% of bulk
splenocytes were B220+CD19+ indicative of B cells. 50.8% of the GFP positive cells are
B220+CD19+ and are detected in the B cell fraction.

[00111] Wildtype C57-B6 and B cell -/- mice were vaccinated with Ad-hDCT to prime
an anti-DCT immune response as measured by DCT-specific CD8+ T cells in the blood (Fig.
24A). The secondary response was measured following intravenous administration of VSV-
hDCT. Numbers of IFN y+ CD8+ T cells as measured by intracellular staining are indicated
+/- SEM.(Figure 24B) indicated dependence of boost on B cells.

[00112] B cells from wildtype mice and/or immune serum was adoptively transfered to
B cell-deficient mice. B cells were measured as a percentage of peripheral blood lymphocyte
in. 1) wt control 2) B-/- plus VSV 3) B-/- plus VSV plus serum 4) B-/- plus B cells VSV and
5) B-/- plus B cells plus serum plus VSV as shown in Fig. 25A. Anti-DCT T cell responses
were measured in reconstituted B cell-deficient mice following VSV boosting. Numbers of
IFNy+ CD8+ T cells are indicated +/- SEM. Lanes: 1) B-/- plus VSV 2) B-/- plus VSV plus
serum 3) B-/- plus B cells VSV and 4) B-/- plus B cells plus serum plus VSV (Figure 25B)

showing enhanced responses in B cells.

[00113] VSV-SIIN (2x10° pfu) was injected intravenously into a C57/B6 mouse, and
24 hours later, spleens were harvested and CD19 positive cells were purified from total
splenocytes. CD19+ cells were co-cultured with a DKL cell line. Activation of T cells
cocultured with CD19+ cells from VSV-SIIN immunized mouse, CD19- cells from VSV-
SIIN immunized mouse, CD19- cells from VSV-SIIN immunized mouse co-cultured with
DKL in the presence of SIIN peptide (positive control) and negative control. The results

show that virus infected B cells can stimulate T cell to produce IFN-y.
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[00114] Splenic B cells were isolated from C57/B6 mice and cultured in mulL2 for 4
days and then loaded with either VSV-SIINFEKL/luciferase or Ad-SIINFEKL/luciferase (2
hour infection, washed and collected). These loaded B cells were administered IV to naive or
primed recipients. T cell responses were measured 5 days later. T-cells from mice primed
with vaccinia-SIINFEKL/luciferase showed response to SIINFEKL peptide. T-cells from
mice primed with VSV-SIINFEKL/luciferase loaded B cells showed response to SIINFEKL
peptide. T-cells from mice primed with vAd-SIINFEKL/luciferase loaded B cells showed a
minimal response to SIINFEKL peptide. T-cells from mice primed with vaccinia-
SIINFEKL/luciferase and then boosted with VSV-SIINFEKL/luciferase loaded B cells
showed response to SIINFEKL peptide. T-cells from mice primed with vaccinia-
SIINFEKL/luciferase and then boosted with Ad-SIINFEK L/luciferase loaded B cells showed
response to SIINFEKL peptide (TNFa Yaxis, IFNy Xaxis in each case).

Discussion

[00115] Mice were immunized with Adenovirus via intramuscular injection for 14
days. A single dose of recombinant VSV was delivered to mice as the boost portion of a
prime boost vaccination regimen by either intramuscular, subcutaneous, intraperitoneal,
intranasal or intravenous routes. Antigen specific T cell responses were measured 7 days
later and it was noted that there was a significantly larger T cell response when VSV was

delivered intravenously (see Fig. 11).

[00116] The timing of the immune response boost elicited by VSV was tested in this
prime boost vaccination model. The boost was delivered intravenously at the peak of the
primary immune response (day 14) or at day 8, preceding the peak (during the effector
phase). T cell responses measured 7 days later revealed that the VSV boost was capable of
boosting the immune response at and before the peak of the primary immune response. This
was demonstrated in both tumour free and tumour bearing mice, and therefore
immunosuppressive environments (see Fig. 12). It is notable that the booster was effective

during the effector phase. Generally, the effector T cells wane before such a booster vector

works.

[00117] The immune boosting capability of VSV was compared to a control Vaccinia
virus. The boost was performed at 232 days following the initial prime (this prolonged

interval allows 100-fold lower doses of VSV to achieve the same level of T cell boosting as
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demonstrated above) and the T cell response to 2 different antigen specific peptides was
tested. The boosting ability of the VSV, as measured by blood-derived T cell responses was
found to be substantially better than that of the Vaccinia virus for both antigen peptides tested
(see Fig 13).

[00118] A mutant version of VSV which can replicate its genome and express genes
within cells that are initially infected but is unable to produce infectious progeny was tested
for its ability to boost the immune response. Blood derived T cell responses to 3 dominant
epitopes of the antigen used in the prime boost protocol indicated that the mutant VSV
boosted the immune response as effectively as the wildtype version (see Fig. 14). This
indicates that a safer version of the virus which cannot spread can be used for boosting an

immune response.

[00119] The quality of T cells elicited by boosting with VSV, as measured by
production of multiple cytokines as well as amount of cytokine production per cell was
evaluated for the VSV boost. The quality was compared to T cells elicited by a prime
vaccination alone or a boost with a VSV control vector (no inserted Ag transgene). T cells
generated by the antigen-specific VSV boost produced multiple cytokines and a greater
amount of interferon-gamma (see Fig.15). The quality of T cells elicited by the antigen-
containing VSV boost was further compared to a Vaccinia virus boost. Again, the T cells
from the VSV boost population produced a greater amount of interferon gamma and also

secreted higher amounts of tumour necrosis factor alpha (see Fig. 16).

[00120] Two different mouse strains were tested with the prime boost VSV regimen,
as were two different antigens. In all scenarios, the massive immune boost following VSV

administration was observed (see Fig. 17).

[00121] The requirement for CD4+ helper T cells in the VSV mediated immune boost
was tested. T cell responses following the boost were examined both with and without CD4
cell depletion. Depletion had an impact on the primary immune response, but not on the
secondary response as measured by the percent, number and fold-increase in CD8+ T cells
(see Fig. 18). The VSV prime boost method therefore holds promise for treating

immunocompromised patients such as those afflicted with AIDS/HIV infection.

[00122] The durability of the boosted immune response was tested at 10, 19, 51 and

233 days following the boost. The T cell response measured at these time points indicates
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that the immune response was maintained long term. An evaluation of the proportion of
effector memory and central memory cells at day 51 indicates there was a conversion of a
higher proportion of effector cells into memory phenotype as compared to a primed response
alone (see Fig. 19). Effector cells are no longer needed once antigen is cleared. A larger
pool of memory cells at this point, especially central memory cells, will ensure a better re-

expansion when encountering the antigen again.

[00123] A VSV vector bearing a deltaM51 mutation in the matrix protein rendering it
unable to block interferon production, and thus referred to as an interferon-inducing mutant
can be used to generate a similar boosting effect. Mice were primed with Ad-hDCT with a
subsequent boost of either wildtype VSV-hDCT (wtVSV-hDCT) or deltaM51 VSV-hDCT
(dM51VSV-hDCT) and DCT-specific T cells were measured in the blood (see Figure 20).
The deltaM51VSV vector is attenuated by interferon induction in vivo and is thus both a
safer vector and has associated oncolytic properties. This demonstrates that various means
can be utilized to attenuate VSV while retaining the ability to boost immune responses

following intravenous delivery.

[00124] VSV-vectored vaccines are particularly potent boosting agents when
administered intravenously. The unique and notable features of this approach include the
magnitude of response, durability of memory, preferred route of delivery, CD4 T cell
independence, ability to boost the immune response early (during the effector phase), ability
to elicit a superior quality of T cells, boosting of responses to subdominant epitopes and the
adaptability to safer, attenuated vectors. This strategy may be applied to any desired antigen
including, for example, foreign antigens derived from pathogens as well as autoantigens,
oncofetal antigens and neoantigens targeting tumors. The boost may be used in conjunction
with any priming strategy to boost T cell and antibody responses for both prophylactic and
therapeutic vaccination. As well, other members of the vesiculovirus or rhabdoviral families
can be used in place of VSV as the boosting vector. Various non-replicating or mutant

versions of these boosting viruses may also be used as boosting vectors.

[00125] IV administered VSV infects B cells in the spleen. The boosting ability of
intravenously administered VSV vectors is B cell dependent. IV administered VSV infects B
cells in the spleen. When these cells are isolated following VSV administration, they are

shown to present transgene antigen to specific T cells ex vivo. B cells loaded with a VSV

28



WO 2010/105347 PCT/CA2010/000379

vaccine ex vivo is a superior vaccination platform to vaccinate both naive and primed

animals. Other viruses with a B cell tropism may also be used to achieve these effects.

[00126] Relevant portions of references referred to herein are incorporated by

reference.
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CLAIMS

We Claim:

1. A method of treating cancer in a mammal comprising administering to the mammal
an oncolytic vector, wherein said vector expresses a tumour antigen to which the mammal

has a pre-existing immunity.

2. A method as defined in claim 1, wherein the vector is modified to express the tumour

antigen.

3. A method as defined in claim 1, wherein the tumour antigen is a tumour-associated

antigen.

4. A method as defined in claim 1, wherein the tumour antigen is selected from the
group consisting of an oncofetal antigen, a surface glycoprotein, a cell surface marker, a

melanoma-associated antigen, cancer-testes antigen, an oncogene and a viral oncogene.

5. A method as defined in claim 4, wherein the tumour antigen is selected from the
group consisting of dopachrome tautomerase (DCT), GP100, MART1, alphafetoprotein
(AFP) and carcinoembryonic antigen (CEA).

6. A method as defined in claim 1, wherein the oncolytic vector is a virus.
7. A method as defined in claim 6, wherein the virus is selected from the group
consisting of a rhabdovirus, measles, vaccinia, herpes, myxoma, parvoviral, Newcastle

disease, adenovirus and semliki forest virus.

8. A method as defined in claim 7, wherein the rhabdovirus is selected from the group

consisting of: vesiculovirus, Ephemerovirus, Cytorhabdovirus, Nucleorhabdovirus and

Lyssavirus.

9. A method as defined in claim 8, wherein the vesiculovirus is selected from a vesicular

stomatitis virus (VSV) and Maraba viruses.
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10. A method as defined in claim 1, wherein the cancer is a melanoma.

11.  The method of claim 1, including the step of vaccinating the mammal with the tumor
antigen to generate the pre-existing immunity to the antigen prior to administration of the

oncolytic vector.

12. A method as defined in claim 11, wherein the antigen is administered in an amount

sufficient to induce an immune response.

13. A method as defined in claim 11, wherein prior to administration of the oncolytic

vector, there is an immune response generating interval of at least about 4 days.

14. A method of boosting immune response in a mammal having a pre-existing immunity
to an antigen, comprising administering to the mammal intravenously a vector expressing the

antigen, wherein said vector is capable of infecting B cells.

15. A method as defined in claim 14, wherein the pre-existing immunity is a natural

immunity.

16. A method as defined in claim 14, wherein the pre-existing immunity is as a result of a

previous vaccination.
17. A method as defined in claim 14, wherein the vector is a rhabdovirus selected from
the group consisting of vesiculovirus, Ephemerovirus, Cytorhabdovirus, Nucleorhabdovirus

and Lyssavirus.

18. A method as defined in claim 17, wherein the vesiculovirus is selected from the group

consisting of: vesicular stomatitis virus and Maraba virus.

19. A method as defined in claim 14, wherein the antigen is selected from the group

consisting of a tumour antigen, a viral antigen and a bacterial antigen.
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20. A method as defined in claim 19, wherein the viral antigen is derived from a

pathogenic organism.

21. A method as defined in claim 20, wherein the pathogenic organism is selected from
the group consisting of HIV, HepC, FIV, LCMV, Ebola virus and mycobacterium

tuberculosis.

22. A method as defined in claim 16, wherein the tumour antigen is selected from the
group consisting of dopachrome tautomerase (DCT), GP100, MART1, alphafetoprotein
(AFP), carcinoembryonic antigen (CEA), PLAC1, a MAGE member and NY-ESOI.

23. A method as defined in claim 16, including the step of vaccinating the mammal with
the antigen to generate the pre-existing immunity to the antigen prior to the intravenous

administration of the vector.

24. A method as defined in claim 14, wherein the vector is administered at or prior to the

peak immune response of the pre-existing immunity.

25. A method of boosting immune response in a mammal having a pre-existing immunity

to an antigen, comprising administering to the mammal intravenously antigen-loaded B-cells.

26.  AKit for use in treating cancer comprising a tumour antigen, or a vector expressing a
tumour antigen, in an amount suitable to induce an immune response in a mammal, and an

oncolytic vector expressing the tumour antigen in an amount suitable to enhance the immune

response.

27.  AKit for use in boosting an immune response in a mammal comprising an antigen, or
a vector expressing the antigen, in a suitable administrable form, and a vector expressing the

antigen which is in a form suitable for intravenous administration.

28. A method of boosting immunity in a CD4+ T cell-deficient mammal comprising

intravenous administration of a rhabdoviral vaccine vector.
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FIGURE 2

A
Engraft 10° VSV-hDCT
10°B16 IC v

L} 7 4 27
0

) 21
Vaccinate Immune

Ad-hDCT IM Analysis PBMCs

-~}

C

100

% DCT/VSV-specific CD8

=¥+ Ad-BHG
- &~ Ad-hDCT
wd Ad-hDCTHVSV-hDCT

25+
80

’-
)

20+

' (]
! H
604 { p<0.0001 }

-
2]
2
% Survival
0—1

104

5 - % 3
-3 ¢
0 X

anti-bCT anti-‘\/SV anti-DCT anﬁ-{IS\} 0 10 20 30 0 50 60 200

%IFNy+CD8+ T cells of
total CD8+ T cells in blood

Days Post-Tumor Engraftment

Naive Vaccinated

2/24



WO 2010/105347

# (x10%) / pl blood

#/ mg of tumor tissue

DCT4g0.1a5-8peCHic CDB* TILs

50
| ——1

p<0.001

3735

10

+PBS

+VSV-MT  +VSV-hDCT

Ad-hDCT

peak frequency of DCTyg9.155-specific CD8' T cells

D

354

304

20+

PCT/CA2010/000379

FIGURE 3

r°=0.82
p<0.0001

15+

104

0e B
UED

¥ T T 4 Y Y
10 20 30 40 50 60 70 80 90 100

survival {days)

p<0.001, 1-way ANOVA

..6'§ 0.5+ Unnaas
2= 0.4
g O
==
; 8 0.3"
8 [
+ o
1% 0.2
20
"::g 0.1+
)
e LOD
0.04= 1

| 4
PBS  AJ-DCT Ad*VSV  Ad+VSV

™ TF

3/24



WO 2010/105347 PCT/CA2010/000379

FIGURE 4
A Brain Titres B
L oxt0r 5.3x107
X !
oo Brain weights
QX -
100
§ 1.4x108 -1
2 1.0x10°- R I
g R 75. |
e @
o "
2 E
1.0x1054 % E 504
=
1.4x10° 2
A 2
1.0x10% iy 25
1.9x10°
o .: -l
1.0X103'i = : 0 5 Q 5 ¢
5 ¢ : g 2 3 8 3§
ba] o a) ] £ 3 s 2
2 £ = 2 3 2
3 2 2 2 g = = °
TF B

TB

—
-

4/24



PCT/CA2010/000379

WO 2010/105347

FIGURE 5

CDB'KM/SVY Brdu' T celis {superficial cesvical iymph nodes)

gcd B . "
COB*KY/SVY'BraU* T celts blood) CDB'KUSVY'SrdU” T cefts (spleent
16 4000~
-0 AGFDUT + VEVXNADL el
144 - AGLLLT + VEVXNMT 3500- i 20 Mrocr - vsveencer
- ALEDLT VYRR BT
1.2 3008-
o N ]’ \\‘ 204
04 I 5004 N i
H y H ‘
3 o, Y AN
Y ! AN 20004 H b 1 H \
H ! “ 2 H N 2 i S,
* I Y 2 H hY 2 i 5,
s H o N RN - ; *
i . ! AN 104 H S,
{ . ; \ !
o] H 10 3 i
H N K ‘\
H 3 /
624 H K s 4 kN *
,' / \
. A — Y
i3 ® 3 ] 2 W W n
Day Day

o/24



WO 2010/105347 PCT/CA2010/000379

FIGURE 6
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FIGURE 9

Ad-VSV vs. DC-VSV Combination immunotherapy

H -3-P8S
i ~O= Ad-hOCT
g0 e o AN SVAN-hDCT
i o} pC-HDCT
M wiffp DCHVIVAN-HDCT]
—- 1]
5 604 *
2
=
[
R 40
:
+
20+ *
H
E)
1]
¥
L) Ll ¥ * L] ¥ L4
10 20 30 40 50 60 70 80 %0 100
Days Post-Challenge
Trewtmnent Median Survival
Groups
AAEIRRADCT
AT
AGVEPENACT
BEHCT OO0
DCAEVNADCT

&

Days

9/24



WO 2010/105347

Tumor volume (mm?)

FIGURE 10
6000, _o—pas Immune
X response
5000| —*ddVV-hDCT angl o
~d-ddVV-hDCT + VSVwt-hDCT __Z
4000
3000
2000
1000 -I—‘
0 2 4 6 8 10 12 14
? 4\ Days post-treatment
PBS / ddVV-hDCT +- VSYWEhDCT
Survival
100 . I 4 PES
90 u SdVWhDCT
5 dAVIHDCRVSWDCT
80
g 0
g 60
E 50
&
30
20
10
0 . )
0 2 14 18
(= D10 potitemor
implantation) Days post-treatment

10/24

PCT/CA2010/000379



WO 2010/105347 PCT/CA2010/000379

FIGURE 11

25
p<0.01, 1-way ANOVA

% of CD8" Cells

0_
2° VSV-hDCT:

im s.c. ip. i.n i

I
1° Ad-hDCT i.m.

11/24



WO 2010/105347

(a)

% of CD8* Cells

g

3

12/24

PCT/CA2010/000379
FIGURE 12
DCT'®0-188_gpacific T Cells (b) O sttty Y2
-3¢ PBS ™
-0 AG-hDCT ¢ 15
-t~ Ad-hDCT + VBV-hDCT § &
[
!
ki
E L ~t no tmaur, AT
o e FIg, Ad-ntrpl
'§ B O, Fi% AdASGHTIRS (feday )
g 5
————— ‘: ) “_3' :::.,
""'"*»-—--..__0 . ’ "'“‘Ti“..“::::::tg:::::::ri
—-¥ ¥-—— f s 3 y )
1] 21 -] ] 15 F- =
Days Post-Ad Days Post-Ad-HTep2



WO 2010/105347

PCT/CA2010/000379
FIGURE 13
(a) (b)
# of SVY-gpecific CD8 # of VIT -specific CD8

284 12.%

20- 10.04
» £ .3
g 15 g 7.5
T 10 3 501

n 1 2.5- r.::l___.l

0 Y v 0.0 v T

A, A A,
& & @*‘& &

13/24



WO 2010/105347 PCT/CA2010/000379

FIGURE 14

% of CD8" T Cells

14/24



WO 2010/105347

(a)

ratio

D3 CDB* IFN-y TNF-or* :CD3 CDBIFN-y*

Lymphocytes {SVY stimutation)

j -+ no wmowe, Ad-hirp2

-¥%- 1.c. F10, Ad-hTrp2

0= i.c. F10. AQVSV-hTip2 (8-day}

-#-ic. F10, AdhTrp2/VSV-GFP (8d}
4
2

0.5

Days Post-Ad-hTrp2

FIGURE 15

(b)

Mean Fluorescencs Intensity

PCT/CA2010/000379

Intensity of FN-y Staining in SVY-Specific T Cells

- no umour, Ad-hTrp2

- i.c. F10, Ad-WTep2

~0-i.c. F10, AdVSV-hTrp2 (8-day}
@i ¢. F10, AdhTrp2/VSV-GFP (8d}

15/24

Days Post-Ad-hTrp2



WO 2010/105347 PCT/CA2010/000379

FIGURE 16

(a) (b)

IFN producad by SVY-specific CD8 IFN produced by VIT-specific CD8
Z 25000 Z 29000
“ _...1“ g
8 o
g 150004 g g 15000
§ 00004 § 100004 e
©
é 50004 .-2 B0004

o & @ &

% of IFN+ cells

s 2 RESERY
% of IEN+ colls

' XAALAAXAL

16/24



WO 2010/105347 PCT/CA2010/000379

FIGURE 17

@) (b)

BANFEKL-Spacific T Celis DCT-specific Colls BALBic

-
v’

P eees ™ easw H ™
-0 AdSEN
ot PN » 4 ST = & B UCT 0000
™ 3 " - ST 3 % ConcT. .,
. 3 143
£ w04 — = a0d CO0CTys 183
s ™ § 2 3 &3 KTosaasn
S L 5 b 20 R OCT g
# 2 ; 3 DCT g6 157
el 0 10
------- e N o AR
e S <A ¢
g . &
; ¥ & & —
iy Poat Ad f yy@

17/24



WO 2010/105347 PCT/CA2010/000379

FIGURE 18

(ﬁ) SENFEUL-Specific COB* Cells (b) SENFEXL Specific CO8" Colls ' SINFEKL-Specific CDS® Calls
: P
L2317 reapome O ¢ rempornn
. -
g 2 o] 7 rsponse 3
ot :
’8 " 3
;) i
£0# depietion: + CO4 dephetion: - + - - CO4 dopletion:
oSN + » ASSEN: + + * ACSHY + ¥
L0 deghetion; * - CD6 depletion: " * COM4 dapletion: * +
VIV-SAN: + * VEV.SAN + + - VEV.BIN * + *

18/24



WO 2010/105347 PCT/CA2010/000379

FIGURE 19
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FIGURE 21
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FIGURE 22
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FIGURE 23
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of the first sheet)
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reasons :

1. [X] Claim Nos. :  1-25 and 28
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product defined in claims 1-25 and 28.

2. [ ] Claim Nos. :
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3. [ ] Claim Nos. :
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Box No. IIT Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows :

This international Search Authority found multiple inventions (groups) in this international application as follows:

Group 1: Claims 1-24 and 26-28 are directed to a method or kit for treating cancer or for boosting immune response
in a mammal comprising administering an oncolytic vector, wherein the vector expresses a tumour antigen to which
the mammal has a pre-existing immunity; and

[Continuation in Extra Sheet]
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4. | ] No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claim Nos. :

Remark on Protest | | The additional search fees were accompanied by the applicant’s protest and, where applicable,

the payment of a protest fee.

[ ] The additional search fees were accompanied by the applicant's protest but the applicable protest

fee was not paid within the time limit specified in the invitation.

[ ] No protest accompanied the payment of additional search fees.
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Continued from Box NO. IIT

Group 2: Claim 25 is directed to a method for boosting immune response in a mammal having a pre-existing
immunity to an antigen comprising administering to the mammal antigen-loaded B-cells.

There are no common inventive "special technical features" linking each group of the claimed invention. The
expression “‘special technical features” means those features which define a contribution which each of the claimed
inventions considered as a whole makes over the prior art.
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