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ONCOLYTIC VIRUS THERAPY FOR
RESISTANT TUMORS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit under 35 U.S.C.
§119(e) of U.S. Provisional Application No. 61/675,013,
filed Jul. 24, 2012, the contents of which are incorporated
herein by reference in their entirety.

GOVERNMENTAL SUPPORT

[0002] This invention was made with Government support
under NS03677, CA138922-01, and NS076873 awarded by
the National Institutes of Health. The Government has certain
rights in the invention.

FIELD OF THE INVENTION
[0003] The present invention relates to the field of cancer
therapeutics.
BACKGROUND OF THE INVENTION
[0004] Glioblastoma multiforme (GBM) is a high-grade

glioma and the most common primary malignant brain
tumor.' GBMs are diffuse and infiltrating with no clear border
between normal brain and tumor. Current treatment regimens
that include temozolomide have significantly improved the
median, 2- and 5-year survival compared to radiotherapy
alone in patients with newly diagnosed GBM.>> Neverthe-
less, GBM patients have a poor prognosis with a median
survival of 14.6 months.? The inherent or acquired resistance
of tumor cells to antitumor agents and the highly invasive
nature of tumor cells are the major impediments to the cur-
rently employed anti-GBM therapies and pose an urgent need
for novel therapeutics with substantial efficacy. Oncolytic
herpes simplex virus (oHSV) and TRAIL (tumor necrosis
factor-related apoptosis-inducing ligand) have recently
shown promise in both preclinical and clinical trials.**%7-%
9,10,11,12,13 Oncolytic viruses are genetically modified viruses
that, upon infection, selectively replicate in and kill neoplas-
tic cells while sparing normal cells.*®*'* Among them, oHSV
type 1-derived virus is one of the most extensively studied and
considered a promising agent for treating brain tumors as well
as other types of cancer. Recombinant oHSV vectors such as
G207 and G47A have been previously investigated in both
preclinical and clinical studies.®'®'7:'® Unlike replication-
incompetent vectors, replication-competent or conditional
vectors can amplify to produce virus progeny that then infects
surrounding tumor cells resulting in multiple waves of infec-
tion in situ, virus spread and extensive cell death. In a direct
comparison between oncolytic adenovirus and oHSV in
GBM cell lines, oHSV was shown to be more efficacious.'®
Mutations of specific HSV genes, namely y34.5 and UL39,
have been shown to confer selectivity to cancer cells, which
has enabled translational studies to humans.*'®> Although
phase 1 and 1b clinical trials for oHSV proved its safety, the
efficacy for human GBMs seems marginal as only a subset of
patients showed decrease in tumor volume® which could in
part be due to the insensitivity of a subset of GBM cells to
HSV mediated oncolysis.

[0005] TRAIL has emerged as a promising antitumor agent
due to its tumor-specific induction of apoptosis in a death
receptor-dependent manner.*® Both recombinant human
TRAIL ligand and TRAIL receptor agonist monoclonal anti-
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bodies are currently being evaluated in clinical trials,** how-
ever, short half-life and off-target toxicity of systemically
delivered TRAIL pose challenges in the clinic.>* It has pre-
viously been established that a secreted form of TRAIL
(S-TRAIL) exerts more potent apoptotic effects compared to
TRAIL itself and when delivered by viruses or different stem
cell types has significant antitumor effects as compared to
systemically administrated TRAIL in different mouse models
of GBMs.>7-19:11:12:23 However, malignant GBMs show het-
erogeneity in their response to TRAIL; with ~50% showing
sensitivity to TRAIL-mediated apoptosis and others showing
varying resistance to TRAIL-mediated apoptosis.”>*

SUMMARY OF THE INVENTION

[0006] Aspects of the invention relate to a recombinant
oncolytic virus comprising a nucleic acid sequence encoding
tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) or a biologically active fragment thereof, in express-
ible form. In one embodiment, the oncolytic virus is an onco-
Iytic herpes simplex virus (0HSV). In one embodiment, the
oHSV is G207, G47A, HSV-R3616, 1716, R3616, or R4009.
In one embodiment, the TRAIL is a secreted form of TRAIL
(S-TRAIL). In one embodiment, the TRAIL is a TRAIL
fusion protein. In one embodiment, the TRAIL is regulated by
the HSV immediate early 4/5 promoter. In one embodiment,
the oncolytic virus contains an additional exogenous nucleic
acid in expressible form. In one embodiment, the virus con-
tains no additional exogenous nucleic acids.

[0007] Another aspect of the invention relates to a nucleic
acid comprising the genome of a recombinant oncolytic virus
described herein. In one embodiment, the nucleic acid is a
bacterial artificial chromosome (BAC), a P1-derived artificial
chromosome (PAC), a yeast artificial chromosome (YAC) or
a human artificial chromosome (HAC). Another aspect of the
invention relates to a host cell comprising a recombinant
oncolytic virus described herein or the nucleic acid compris-
ing the genome of the recombinant oncolytic virus.

[0008] Another aspect of the invention relates to a pharma-
ceutical composition comprising the recombinant oncolytic
virus described herein. Another aspect of the invention relates
to akit comprising the pharmaceutical composition described
herein, and instructions for use.

[0009] Another aspect of the invention relates to a method
of inhibiting tumor progression in a subject comprising con-
tacting the tumor with an effective amount of a recombinant
oncolytic virus described herein. In one embodiment, the
tumor is a brain tumor. In one embodiment, the brain tumor is
a glioma. In one embodiment the tumor is malignant. In one
embodiment the tumor is selected from the group consisting
of adenoma, angio-sarcoma, astrocytoma, epithelial carci-
noma, germinoma, glioblastoma, glioma, hamartoma,
hemangioendothelioma, hemangiosarcoma, hematoma,
hepato-blastoma, leukemia, lymphoma, medulloblastoma,
melanoma, neuroblastoma, osteosarcoma, retinoblastoma,
rhabdomyosarcoma, sarcoma, and teratoma. The tumor can
be chosen from acral lentiginous melanoma, actinic kera-
toses, adenocarcinoma, adenoid cycstic carcinoma,
adenomas, adenosarcoma, adenosquamous carcinoma, astro-
cytic tumors, bartholin gland carcinoma, basal cell carci-
noma, bronchial gland carcinomas, capillary, carcinoids, car-
cinoma, carcinosarcoma, cavernous, cholangio-carcinoma,
chondosarcoma, choriod plexus papilloma/carcinoma, clear
cell carcinoma, cystadenoma, endodermal sinus tumor,
endometrial hyperplasia, endometrial stromal sarcoma,
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endometrioid adenocarcinoma, ependymal, epitheloid,
Ewing’s sarcoma, fibrolamellar, focal nodular hyperplasia,
gastrinoma, germ cell tumors, glioblastoma, glucagonoma,
hemangiblastomas, hemangioendothelioma, hemangiomas,
hepatic adenoma, hepatic adenomatosis, epatocellular carci-
noma, insulinoma, intaepithelial neoplasia, interepithelial
squamous cell neoplasia, invasive squamous cell carcinoma,
large cell carcinoma, leiomyosarcoma, lentigo maligna mela-
nomas, malignant melanoma, malignant mesothelial tumors,
medulloblastoma, medulloepithelioma, melanoma,
meningeal, mesothelial, metastatic carcinoma, mucoepider-
moid carcinoma, neuroblastoma, neuroepithelial adenocarci-
noma nodular melanoma, oat cell carcinoma, oligodendro-
glial, osteosarcoma, pancreatic, papillary serous adeno-
carcinoma, pineal cell, pituitary tumors, plasmacytoma,
pseudo-sarcoma, pulmonary blastoma, renal cell carcinoma,
retinoblastoma, rhabdomyosarcoma, sarcoma, serous carci-
noma, small cell carcinoma, soft tissue carcinomas, soma-
tostatin-secreting tumor, squamous carcinoma, squamous
cell carcinoma, submesothelial, superficial spreading mela-
noma, undifferentiated carcinoma, uveal melanoma, verru-
cous carcinoma, vipoma, well differentiated carcinoma, and
Wilm’s tumor. In one embodiment contacting is by a method
of administration to the subject is by a method selected from
the group consisting of intravenous administration, intraperi-
toneal administration, intramuscular administration, intrac-
oronary administration, intraarterial administration, subcuta-
neous administration, transdermal delivery, intratracheal
administration, subcutaneous administration, intraarticular
administration, intraventricular administration, inhalation,
intracerebral, nasal, oral, pulmonary administration, impreg-
nation of a catheter, and direct injection into a tissue or tumor.

[0010] Another aspect of the invention relates to a method
oftreating cancer ina subject comprising administering to the
subject a therapeutically effective amount of a pharmaceuti-
cal composition comprising the recombinant oncolytic virus
described herein to thereby treat the cancer. In one embodi-
ment, the cancer is selected from the group consisting of basal
cell carcinoma, biliary tract cancer; bladder cancer; bone
cancer; brain and CNS cancer; breast cancer; cancer of the
peritoneum; cervical cancer; choriocarcinoma; colon and rec-
tum cancer; connective tissue cancer; cancer of the digestive
system; endometrial cancer; esophageal cancer; eye cancer;
cancer of the head and neck; gastric cancer (including gas-
trointestinal cancer); glioblastoma (GBM); hepatic carci-
noma; hepatoma; intra-epithelial neoplasm; kidney or renal
cancer; larynx cancer; leukemia; liver cancer; lung cancer
(e.g., small-cell lung cancer, non-small cell lung cancer,
adenocarcinoma of the lung, and squamous carcinoma of the
lung); lymphoma including Hodgkin’s and non-Hodgkin’s
lymphoma; melanoma; myeloma; neuroblastoma; oral cavity
cancer (e.g., lip, tongue, mouth, and pharynx); ovarian can-
cer; pancreatic cancer; prostate cancer; retinoblastoma; rhab-
domyosarcoma; rectal cancer; cancer of the respiratory sys-
tem; salivary gland carcinoma; sarcoma; skin cancer;
squamous cell cancer; stomach cancer; testicular cancer; thy-
roid cancer; uterine or endometrial cancer; cancer of the
urinary system; vulval cancer; as well as other carcinomas
and sarcomas; as well as B-cell lymphoma (including low
grade/follicular non-Hodgkin’s lymphoma (NHL); small
lymphocytic (SL) NHL; intermediate grade/follicular NHL;
intermediate grade diffuse NHL; high grade immunoblastic
NHL; high grade lymphoblastic NHL; high grade small non-
cleaved cell NHL; bulky disease NHL; mantle cell lym-
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phoma; AIDS-related lymphoma; and Waldenstrom’s Mac-
roglobulinemia); chronic lymphocytic leukemia (CLL);
acute lymphoblastic leukemia (ALL); Hairy cell leukemia;
chronic myeloblastic leukemia; and post-transplant lym-
phoproliferative disorder (PTLD), as well as abnormal vas-
cular proliferation associated with phakomatoses, edema
(such as that associated with brain tumors), and Meigs’ syn-
drome. In one embodiment, the cancer is brain cancer. In one
embodiment, the brain cancer is glioma or glioblastoma. In
one embodiment, administration is by a method selected from
the group consisting of intravenous administration, intraperi-
toneal administration, intramuscular administration, intrac-
oronary administration, intraarterial administration, subcuta-
neous administration, transdermal delivery, intratracheal
administration, subcutaneous administration, intraarticular
administration, intraventricular administration, inhalation,
intracerebral, nasal, oral, pulmonary administration, impreg-
nation of a catheter, and direct injection into a tissue or tumor.

DEFINITIONS

[0011] An “oncolytic virus™ is any virus which typically is
able to kill a tumor cell (non-resistant) by infecting the tumor
cell.

[0012] An oncolytic virus is “replication-selective” if it is
more capable of replicating or is capable of replicating to a
greater extent (e.g. burst size) in a tumor cell of a subject than
in a non-tumor cell of the subject.

[0013] The term “in expressible form” when used in the
context of a DNA molecule means operably linked (e.g.,
located within functional distance) to sequences necessary
for transcription of the DNA into RNA by the RNA poly-
merase transcription machinery found in eukaryotic cells
(e.g., promoter sequences, and other 5' regulatory sequences).
One example is a DNA molecule in the context of an expres-
sion vector. Expression can refer to transcription of DNA into
RNA, and when protein coding sequences are involved,
expression may also encompass translation of the mRNA into
protein. Viral expression vectors may comprise the viral
genome in the context of a virion that is used to infect a cell.
[0014] Theterm “operably linked” is used herein to refer to
a functional relationship of one nucleic acid sequence to
another nucleic acid sequence. Nucleic acid sequences are
“operably linked” when placed into a functional relationship
with one another. For example, a promoter or enhancer is
operably linked to a coding sequence if it affects the transcrip-
tion of the sequence; or a ribosome binding site is operably
linked to a coding sequence if it is positioned so as to facilitate
translation. The DNA sequences being linked may be con-
tiguous, or separated by intervening sequences, and when
necessary in the same reading phase and/or appropriate ori-
entation. Linking is accomplished, for example, by ligation at
convenient restriction sites. If such sites do not exist, the
synthetic oligonucleotide adaptors or linkers are used in
accordance with conventional practice.

[0015] The term “heterologous™ is used herein to describe
the relationship of one nucleic acid or amino acid sequence to
one or more different nucleic acid or amino acid sequences,
respectively. The term heterologous, in reference to two or
more such sequences, indicates that the different sequences
are found in nature within separate, different and distinct
larger nucleic acids or polypeptides. The joining of heterolo-
gous sequences creates a non-naturally occurring juxtaposi-
tion of sequences. Such joining is the product of engineering
performed in the laboratory. When such amino acid
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sequences are joined, the resulting protein is referred to
herein as a fusion protein. The products of such joining are
referred to as “recombinant”.

[0016] The term “isolated” when used in reference to a
nucleic acid sequence refers to the fact that the nucleic acid
sequence is removed from the context of other nucleic acid
sequences in which it is present in nature (e.g., in the context
of a chromosome). The nucleic acids of the invention are
typically present in isolated form.

[0017] The term “purified” when used in reference to a
polypeptide or virus refers to the fact that it is removed from
the majority of other cellular components from which it was
generated or in which it is typically present in nature. The
polypeptides and viruses described herein may be in a state
where they are purified or semi-purified.

[0018] As the term is used herein, “transfection” refers to
the introduction of nucleic acid into a cell (e.g., for the pur-
pose of propagation and/or expression of the nucleic acid by
the cell). Examples of methods of transfection are electropo-
ration, calcium phosphate, lipofection, and viral infection
utilizing a viral vector. Often nucleic acid is introduced into a
cell in expressible form. That means that the nucleic acid is in
the appropriate context of regulatory sequences such that the
cellular machinery will recognize it and process it (e.g., tran-
scribe RNA from DNA, translate protein from RNA). In one
embodiment, a nucleic acid is in expressible form when it is
inserted into an expression vector in the proper orientation to
confer expression.

[0019] An “effective amount” as the term is used herein, is
used to refer to an amount that is sufficient to produce at least
a reproducibly detectable amount of the desired results. An
effective amount will vary with the specific conditions and
circumstances. Such an amount can be determined by the
skilled practitioner for a given situation.

[0020] The term “therapeutically effective amount” refers
to an amount that is sufficient to produce a therapeutically
significant reduction in one or more symptoms of the condi-
tion when administered to a typical subject who has the con-
dition. A therapeutically significant reduction in a symptom
is, e.g. about 10%, about 20%, about 30%, about 40%, about
50%, about 60%, about 70%, about 80%, about 90%, about
100%, or more as compared to a control or non-treated sub-
ject.

[0021] Theterm “treat” or “treatment” refers to therapeutic
treatment wherein the object is to eliminate or lessen symp-
toms. Beneficial or desired clinical results include, but are not
limited to, elimination of symptoms, alleviation of symp-
toms, diminishment of extent of condition, stabilized (i.e., not
worsening) state of condition, delay or slowing of progres-
sion of the condition.

[0022] The terms “patient”, “subject” and “individual” are
used interchangeably herein, and refer to an animal, particu-
larly a human, to whom treatment including prophylaxic
treatment is provided. This includes human and non-human
animals. The term “non-human animals” and “non-human
mammals” are used interchangeably herein includes all ver-
tebrates, e.g., mammals, such as non-human primates, (par-
ticularly higher primates), sheep, dog, rodent (e.g. mouse or
rat), guinea pig, goat, pig, cat, rabbits, cows, and non-mam-
mals such as chickens, amphibians, reptiles etc. In one
embodiment, the subject is human. In another embodiment,
the subject is an experimental animal or animal substitute as
a disease model. Patient or subject includes any subset of the
foregoing, e.g., all of the above, but excluding one or more
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groups or species such as humans, primates or rodents. A
subject can be male or female. A subject can be a fully
developed subject (e.g., an adult) or a subject undergoing the
developmental process (e.g., a child, infant or fetus).

[0023] Preferably, the subject is a mammal. The mammal
can be a human, non-human primate, mouse, rat, dog, cat,
horse, or cow, but are not limited to these examples. Mam-
mals other than humans can be advantageously used as sub-
jects that represent animal models of disorders associated
withunwanted neuronal activity. In addition, the methods and
compositions described herein can be used to treat domesti-
cated animals and/or pets.

[0024] The term “mammal” refers to any animal classified
as a mammal, including humans, non-human primates,
domestic and farm animals, and zoo, sports, or pet animals,
such as dogs, cats, cattle, horses, sheep, pigs, goats, rabbits,
etc.

[0025] The terms “cell proliferative disorder” and “prolit-
erative disorder” refer to disorders that are associated with
some degree of abnormal cell proliferation. In one embodi-
ment, the cell proliferative disorder is a tumor. In one embodi-
ment, the cell proliferative disorder is cancer.

[0026] The term “tumor,” as used herein, refers to all neo-
plastic cell growth and proliferation, whether malignant or
benign, and all pre-cancerous and cancerous cells and tissues.
The terms “cancer,” “cancerous,” “cell proliferative disor-
der,” “proliferative disorder” and “tumor” are not mutually
exclusive as referred to herein. In one embodiment, tumors
are benign. Examples of benign tumors include, without limi-
tation, schwannomas, lipoma, chondroma, adenomas (e.g,
hepatic adenoma), and benign brain tumors (e.g., glioma,
astrocytoma, meningioma).

[0027] The terms “cancer” and “cancerous” refer to or
describe the physiological condition in mammals that is typi-
cally characterized by unregulated cell growth/proliferation.
Examples of cancer include, but are not limited to, carcinoma,
lymphoma (e.g., Hodgkin’s and non-Hodgkin’s lymphoma),
blastoma, sarcoma, and leukemia. More particular examples
of'such cancers include squamous cell cancer, small-cell lung
cancer, non-small cell lung cancer, adenocarcinoma of the
lung, squamous carcinoma of the lung, cancer of the perito-
neum, hepatocellular cancer, gastrointestinal cancer, pancre-
atic cancer, glioma, cervical cancer, ovarian cancer, liver can-
cer, bladder cancer, hepatoma, breast cancer, colon cancer,
colorectal cancer, endometrial or uterine carcinoma, salivary
gland carcinoma, kidney cancer, liver cancer, prostate cancer,
vulval cancer, thyroid cancer, hepatic carcinoma, leukemia
and other lymphoproliferative disorders, and various types of
head and neck cancer.

[0028] The term “inhibiting tumor cell growth or prolifera-
tion” means decreasing A tumor cell’s growth or proliferation
by atleast 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
95%, or 100%, and includes inducing cell death in a cell or
cells within a cell mass.

[0029] The term “tumor progression” refers to all stages of
a tumor, including tumorigenesis, tumor growth and prolif-
eration, invasion, and metastasis.

[0030] The term “inhibiting tumor progression” means
inhibiting the development, growth, proliferation, or spread-
ing of a tumor, including without limitation the following
effects: inhibition of growth of cells in a tumor, (2) inhibition,
to some extent, of tumor growth, including slowing down or
complete growth arrest; (3) reduction in the number of tumor
cells; (4) reduction in tumor size; (5) inhibition (i.e., reduc-
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tion, slowing down or complete stopping) of tumor cell infil-
tration into adjacent peripheral organs and/or tissues; (6)
inhibition (i.e. reduction, slowing down or complete stop-
ping) of metastasis; (7) increase in the length of survival of a
patient or patient population following treatment for a tumor;
and/or (8) decreased mortality of a patient or patient popula-
tion at a given timepoint following treatment for a tumor.
[0031] A tumor “responds” to a particular agent if tumor
progression is inhibited as defined above.

[0032] Asusedherein, “vector” means a construct, whichis
capable of delivering, and preferably expressing, one or more
gene(s) or sequence(s) of interest in a host cell. Examples of
vectors include, but are not limited to, viral vectors, naked
DNA or RNA expression vectors, plasmid, cosmid or phage
vectors, bacterial artificial chromosomes (BAC), P1-derived
artificial chromosome (PAC), yeast artificial chromosome
(YAC), human artificial chromosome (HAC), DNA or RNA
expression vectors associated with cationic condensing
agents, DNA or RNA expression vectors encapsulated in
liposomes, and certain eukaryotic cells, such as producer
cells. Expression may be achieved in any appropriate host cell
that has been transformed, transfected or infected with the
expression vector. Suitable host cells include prokaryotes,
yeast and higher eukaryotic cells. Preferably the host cells
employed are E. coli, yeast or a mammalian cell, such as a
primary cell or cell line such as COS or CHO.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1A-1D contains graphical representations of
experimental results that indicate differential sensitivities of
glioblastoma multiforme (GBM) cells to S-TRAIL-mediated
apoptosis and oncolytic herpes simplex virus (0HSV)-medi-
ated oncolysis. (a) Screening of difterent GBM lines reveals
differential sensitivities to S-TRAIL-mediated apoptosis and
oHSV-mediated oncolysis. Established GBM lines (U87,
LN229, U251, and G1i36) and primary glioma stem cell
(GSC) lines (BT74, GBM4, GBM6, and GBMS8F) were
treated with different concentrations of purified S-TRAIL
and assayed for viability at 48 hours post-treatment (top row),
and for caspase-3/7 activity at 18 hours post-treatment (sec-
ond row). Established GBM lines and primary GSC lines
were infected with oHSV at multiplicities of infection
(MOIs) 0.2 and 1 and assayed for viability at 72 hours postin-
fection (third row), and virus titration on Vero cells using the
supernatant of oHSV-infected GBM cell lines (MOI1, bottom
row). (b,c) Pharmacodynamics of oHSV in vitro. LN229-
RmC and GBM8F-RmC were infected with oHSV-Fluc at
MOI=1. Viral replication indicated by (b) firefly luciferase
(Fluc) activity and tumor cell viability indicated by (c)
Renilla luciferase (Rluc) activity were monitored by dual
Fluc and Rluc bioluminescence imaging, respectively at dif-
ferent time points. (d) Pharmacodynamics of oHSV in vivo.
Mice- (n=3 per line) bearing intracranial LN229-RmC (left)
or GBM8F-RmC (right) GBMs were injected with oHSV-
Fluc intratumorally and viral distribution was followed by
Fluc bioluminescence imaging at different indicated times.
One representative image of mice and the average Fluc biolu-
minescence intensities are shown. *P<0.05. Error bars indi-
cate SD.

[0034] FIG.2A-FIG. 2F contains graphical representations
of experimental results that indicate Combination of onco-
Iytic herpes simplex virus (0HSV) and S-TRAIL leads to
caspase-3/7-mediated apoptosis in resistant glioblastoma
multiforme (GBM) cells. (a-d) Caspase-3/7 activity and cell
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viability of (a,c) LN229 and (b,d) GBMSF treated with puri-
fied S-TRAIL (100 ng/ml), oHSV (multiplicity of infection
(MOID=1) or both oHSV and S-TRAIL in the presence or
absence of pan-caspase inhibitor, Z-VAD-FMK (20 pmol/l).
*P<0.05 in the comparison of oHSV plus S-TRAIL treatment
group with other groups. (e,f) Immunoblot analysis using
cleaved poly-ADP ribose polymerase (PARP) antibody on
whole cell lysates prepared from LN229 and GBMSF cells
treated with purified S-TRAIL (100 ng/ml), oHSV (MOI=1)
or both oHSV and S-TRAIL in the presence or absence of
pan-caspase inhibitor, Z-VAD-FMK (20 pmol/l). Cleaved
PARP expression was normalized to a-tubulin expression.
*P<0.05 in the comparison of oHSV plus tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL) to TRAIL.
Error bars indicate SD.

[0035] FIG. 3A-FIG. 3C contains graphical representations
of experimental results that indicate Oncolytic herpes sim-
plex virus (oHSV)-tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL) mediates potent cytotoxicity in
resistant glioblastoma multiforme (GBM) cells by altering
both cell proliferation and death pathways in vitro. (a,b) Cell
viability of GBM cells assessed by Renilla luciferase (Rluc)
bioluminescence at different time points. (a) LN229-RmC
and (b) GBM8F-RmC were infected with oHSV or oHSV-
TRAIL at multiplicity of infection (MOI)=1. *P<0.05 in the
comparison of oHSV-TRAIL to control and to oHSV. Error
bars indicate SD. (¢) Immunoblot analysis using antibodies
against caspase-8, -9, cleaved poly-ADP ribose polymerase
(PARP), Bcl2, phospho-ERK, ERK, phospho-c-Jun N-termi-
nal kinase (JNK), INK, phospho-p38, and p38 on whole cell
lysates prepared from [LN229 and GBMSF cells untreated, or
treated with oHSV, oHSV-TRAIL (MOI=1) or S-TRAIL for
18 hours. a-Tubulin was used as a loading control.

[0036] FIG. 4A-FIG. 4D contains graphs and photographs
of experimental results that indicate Oncolytic herpes sim-
plex virus (oHSV)-tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL)-mediated apoptosis in resistant
glioblastoma multiformes (GBMs) depends on c-Jun N-ter-
minal kinase (JNK) activation and ERK inhibition. (a) Immu-
noblot analysis using antibodies against INK, phosho-JNK,
and cleaved poly-ADP ribose polymerase (PARP), on whole
cell lysate prepared from LN229 cells treated with oHSV,
oHSV-TRAIL (multiplicity of infection (MOI)=1) or control
in the absence (-) and presence (+) of JNK inhibitor
(SP600125, 20 pmol/1) for 18 hours. (b) Caspase 3/7 activity
of LN229 cells treated with oHSV, oHSV-TRAIL (MOI=1),
or control for 20 hours in the absence (-) and presence (+) of
JNK inhibitor. ¥P<0.05 in the comparison of oHSV-TRAIL
treated cells in the absence and presence of JNK. (¢) Immu-
noblot analysis using antibodies against ERK, phosho ERK,
and cleaved PARP on whole cell lysate prepared from L.N229
cells treated with S-TRAIL (100 ng/ml) in the absence (=) and
presence (+) of ERK inhibitor (U0126, 20 umol/1) for 18
hours. a-Tubulin was used as a loading control. (d) Cell
viability assay showing the % viable [LN229 cells after treat-
ment with different combinations of U0126 (20 pmol/l) and
TRAIL (100 ng/ml) for 48 hours. *P<0.05 JNK inhibitor
group in the comparison with control (in b) and ERK inhibitor
and S-TRAIL treatment group in the comparison with other
treatment groups (in d). Error bars indicate SD.

[0037] FIG. 5A-FIG. 5D contains graphs and photographs
of experimental results that indicate Oncolytic herpes sim-
plex virus (oHSV)-tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL) prolongs survival of mice-bearing
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both TRAIL and oHSV resistant glioblastoma multiforme
(GBM). (a) Timeline and survival curves of LN229-FmC
GBM-bearing mice treated with oHSV, oHSV-TRAIL, or
control (phosphate-buffered saline (PBS)). P=0.038 in oHSV
and oHSV-TRAIL comparison, log-rank test. (b) X-gal stain-
ing revealing virus-infected areas. oHSV-injected (left) and
oHSV-TRAIL -injected (right) tumor sections. Original mag-
nification x20. (¢) Immunofluorescence of cleaved caspase-3
staining on brain sections from LN229-FmC GBM-bearing
mice injected with oHSV, oHSV-TRAIL, or PBS (control).
Original magnification x20. (d) Plot showing the percentage
of cleaved caspase-3 positive LN229-FmC GBM cells on
brain sections. *P<0.05 in the comparison of oHSV-TRAIL
to control and to oHSV. n=3 in each group. Error bars indicate
SD.

[0038] FIG. 6A-FIG. 6B contains graphs and photographs
of experimental results that indicate Oncolytic herpes sim-
plex virus (oHSV)-tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL) inhibits glioblastoma multiforme
(GBM) invasion in vitro and in vivo in TRAIL resistant GBM.
(a) In vitro invasion assay. Photomicrographs and graph
showing the change in cell invasion after treatment with
oHSV or oHSV-TRAIL in GBMSF glioma line. Multiplicity
of infection (MOI)=1. *P<0.05 in the comparison of oHSV-
TRAIL to control and to oHSV. (b) In vivo invasion assay.
Mice-bearing intracranial GBMS8-FmC gliomas were
injected with oHSV, oHSV-TRAIL, or phosphate-buffered
saline (PBS) (control) and mice were sacrificed on day 14 and
invasion of the GBM cells on brain sections was evaluated.
Photomicrograph of hematoxylin and eosin (H&E) staining
of GBMSF tumor cell invasion towards adjacent normal brain
tissue and illustration of brain revealing GBMS8F implanta-
tion-site and pictured-site. n=3 per group. *P<0.05 in the
comparison of oHSV-TRAIL to control and to oHSV. Error
bars indicate SD.

[0039] FIG. 7 is a Schematic presentation showing the
mechanism underlying the efficacy of oncolytic herpes sim-
plex virus (oHSV)-tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL) on resistant glioblastoma multi-
forme (GBM) cells.

[0040] FIG. 8 is a schematic of oHSV bearing Fluc or
S-TRAIL transgene. The HSV-1 genome consists of long and
short unique regions (U; and Uy) each bounded by terminal
(T) and internal (I) repeat regions (R; and R). G47A-TRAIL
(oHSV-TRAIL), and G47A-Fluc (oHSV-Fluc) were gener-
ated from G47ABAC, which is derived from the third-gen-
eration oncolytic HSV-1 (G47A) with triple mutations (y34.5,
ICP6, 047). The transgene Fluc or S-TRAIL as well as lacZ
are located in the ICP6 locus in respective recombinants.
[0041] FIG. 9 contains graphs of experimental results that
indicate Pharmacodynamics of oHSV in vitro at different
MOIs. (a) Viral replication monitored by Fluc biolumines-
cence imaging in LN229-Rluc-mCherry and GBMS8F-Rluc-
mCherry cells infected with oHSV-Fluc at various MOIs
(0-2). Imaging was performed 48 hours post infection. (b)
Tumor cell viability monitored by Rluc bioluminescence
imaging in L[N229-Rluc-mCherry and GBMSF-Rluc-
mCherry cells infected with oHSV-Fluc at various MOIs
(0-2). Imaging was performed 48 hours post infection. Error
bars indicate standard deviation. *, P<0.05.

[0042] FIG.10A-FIG.10E contains graphs of experimental
results that indicate oHSV-TRAIL virus yield is similar to
oHSV yield and mediates potent cytotoxicity in resistant
GBM cells. (a) oHSV, oHSV-Fluc and oHSV-TRAIL infected
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GBM cells at MOI=0.8 were harvested 24 hours after infec-
tion and the virus yield was quantified using plaque assay on
Vero cells. (b) The concentrations of S-TRAIL determined by
ELISA in conditioned media of LN229 GBM cells infected
with oHSV-TRAIL at different MOIs. (c-d) Cell viability of
LN229-Rluc-mCherry cells (¢) and GBM8F-Rluc-mCherry
cells (d) infected with oHSV or oHSV-TRAIL assessed by
Rluc bioluminescence imaging 48 hours post infection. Error
bars indicate standard deviation. *, p<0.05. (¢) FACS analysis
showing the percentage of apoptotic cells (Annexin V posi-
tive, PI negative) following infection with oHSV or oHSV-
TRAIL for 24 hours.

[0043] FIG. 11 is a graph of experimental results that indi-
cate oHSV-TRAIL mediates potent cytotoxicity in sensitive
GBM cells. G1i36 cells infected with oHSV or oHSV-TRAIL
were assayed for viability at 48 hours post infection. Error
bars indicate standard deviation. *, p<0.05

[0044] FIG. 12 contains photographs of experimental
results that indicate oHSV TRAIL mediated potent cytotox-
icity is independent of DR4/DRS expression: Immunoblot
analysis using antibodies against DR4 and DR5 on whole cell
lysates prepared from [LN229 and GBMSF cells untreated, or
treated with oHSV, oHSV-TRAIL (MOI=1) or S-TRAIL for
18 hours. a-tubulin was used as a loading control.

[0045] FIG. 13 contains graphs and photographs of experi-
mental results that indicate o0HSV-TRAIL inhibits growth of
both TRAIL and oHSV resistant [LN229-Fluc-mCherry
GBMs in vivo: Mice bearing LN229-Fluc-mCherry GBMs
treated with oHSV, oHSV-STRAIL or PBS (control) were
followed for changes in tumor volumes by Fluc biolumines-
cence intensities. One representative image of mice and the
average tumor volume of each group on 7 days after treatment
are shown. The average tumor volumes were normalized to
the control (PBS) group. n=5 in each group. * p<0.05 in the
comparison of oHSV-TRAIL to control and to oHSV. Error
bars indicate standard deviation.

[0046] FIG. 14 contains photographs of experimental
results that indicate H&E stained mouse brain sections har-
boring intracerebral tumors. Left panel, GBMSF with arrows
showing contralateral tumor extension. Right panel, LN229.
Arrows show discrete tumor brain borders.

DETAILED DESCRIPTION OF THE INVENTION

[0047] Only a subset of cancer patients inoculated with
oncolytic herpes simplex virus (0HSV) type-1 has shown
objective response in phase 1 and 2 clinical trials. This has
raised speculations whether resistance of tumor cells to
oHSV therapy may be a limiting factor. In the experiments
disclosed herein, established and patient derived primary
glioblastoma multiforme (GBM) stem cell lines (GSC) resis-
tant to oHSV and also to tumor necrosis factor-related apop-
tosis-inducing ligand (TRAIL) were identified that had
recently shown promise in preclinical and initial clinical stud-
ies. A recombinant oHSV bearing a secretable TRAIL
(oHSV-TRAIL) was created and used to test the hypothesis
that oHSV-TRAIL could be used as a cancer therapeutic to
target a broad spectrum of resistant tumors in a mechanism-
based manner. Using the identified resistant GBM lines,
oHSV-TRAIL was shown to downregulate extracellular sig-
nal-regulated protein kinase (ERK)-mitogen-activated pro-
tein kinase (MAPK) and upregulate c-Jun N-terminal kinase
(JNK) and p38-MAPK signaling, which primed resistant
GBM cells to apoptosis via activation of caspase-8, -9, and -3.
Further, it was shown that oHSV-TRAIL inhibited tumor
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growth and invasiveness and increased survival of mice bear-
ing resistant intracerebral tumors without affecting the nor-
mal tissues. This study sheds new light on the mechanism by
which oHSV and TRAIL function in concert to overcome
therapeutic-resistance, and provides an oncolytic virus based
platform to target a broad spectrum of different cancer types.
Aspects of the invention relate to the discovery of this onco-
Iytic virus based platform.

[0048] One aspect of the invention relates to a recombinant
oncolytic virus that comprises a heterologous nucleic acid
sequence encoding TRAIL, or a biologically active fragment
thereof, in expressible form. Another aspect of the invention
relates to a nucleic acid comprising the genome of the onco-
Iytic virus. Such a nucleic acid may be in the form of an
artificial chromosome, such as a bacterial artificial chromo-
some (BAC), a P1l-derived artificial chromosome (PAC), a
yeast artificial chromosome (YAC), or a human artificial
chromosome (HAC). The invention also encompasses a host
cell or population thereof, comprising the oncolytic virus
and/or the nucleic acid comprising the genome of the onco-
lytic virus.

Oncolytic Viruses

[0049] Numerous oncolytic viruses are known in the art and
are described, for example, in Kirn et al. (1999, In: Gene
Therapy of Cancer, Academic Press, San Diego, Calif., pp.
235-248), any of which is envisioned for use in the invention.
By way of example, appropriate oncolytic viruses include
type 1 herpes simplex viruses, type 2 herpes simplex viruses,
vesicular stomatitis viruses, oncolytic adenovirus (U.S. Pat.
No. 8,216,819), Newcastle disease viruses, vaccinia viruses,
and mutant strains of these viruses. In one embodiment, the
oncolytic virus is replication-selective or replication-compe-
tent. In one embodiment, the oncolytic virus is replication-
incompetent.

[0050] The oncolytic viruses useful in the present methods
and compositions are, in some embodiments, replication-
selective. It is understood that an oncolytic virus may be made
replication-selective if replication of the virus is placed under
the control of a regulator of gene expression such as, for
example, the enhancer/promoter region derived from the
5'-flank of the albumin gene (e.g. see Miyatake et al., 1997, .
Virol. 71:5124-5132). By way of example, the main tran-
scriptional unit of an HSV may be placed under transcrip-
tional control of the tumor growth factor-beta (TGF-f) pro-
moter by operably linking HSV genes to the TGF-J} promoter.
It is known that certain tumor cells overexpress TGF-p, rela-
tive to non-tumor cells of the same type. Thus, an oncolytic
virus wherein replication is subject to transcriptional control
of the TGF-§ promoter is replication-selective, in that it is
more capable of replicating in the certain tumor cells than in
non-tumor cells of the same type. Similar replication-selec-
tive oncolytic viruses may be made using any regulator of
gene expression which is known to selectively cause overex-
pression in an affected cell. The replication-selective onco-
Iytic virus may, for example, be an HSV-1 mutant in which a
gene encoding ICP34.5 is mutated or deleted.

[0051] An oncolytic virus in accordance with the present
invention can further comprise other modifications in its
genome. For example, it can comprise additional DNA
inserted into the UL44 gene. This insertion can produce func-
tional inactivation of the UL44 gene and the resulting lytic
phenotype, or it may be inserted into an already inactivated
gene, or substituted for a deleted gene.
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[0052] The oncolytic virus may also have incorporated
therein one or more promoters that impart to the virus an
enhanced level of tumor cell specificity. In this way, the
oncolytic virus may be targeted to specific tumor types using
tumor cell-specific promoters. The term “tumor cell-specific
promoter” or “tumor cell-specific transcriptional regulatory
sequence” or “tumor-specific promoter” or “tumor-specific
transcriptional regulatory sequence” indicates a transcrip-
tional regulatory sequence, promoter and/or enhancer that is
present at a higher level in the target tumor cell than in a
normal cell. For example, the oncolytic virus for use in the
invention may be under the control of an exogenously added
regulator such as tetracycline (U.S. Pat. No. 8,2366,941).
[0053] Inoneembodiment, the oncolytic virus (e.g, oHSV)
vector of the invention is engineered to place at least one viral
protein necessary for viral replication under the control of a
tumor-specific promoter. Or, alternatively a gene (a viral gene
or exogenous gene) that encodes a cytotoxic agent can be put
under the control of a tumor-specific promoter. By cytotoxic
agent as used here is meant any protein that causes cell death.
For example, such would include ricin toxin, diphtheria toxin,
or truncated versions thereof. Also, included would be genes
that encode prodrugs, cytokines, or chemokines. Such viral
vectors may utilize promoters from genes that are highly
expressed in the targeted tumor such as the epidermal growth
factor receptor promoter (EGFr) or the basic fibroblast
growth factor (bFGF) promoter, or other tumor associated
promoters or enhancer elements.

Oncolytic Herpes Simplex Virus (oHSV)

[0054] One such oncolytic virus for use in the present
invention is oncolytic herpes simplex virus (0HSV). The
oHSV will comprise one or more exogenous nucleic acids
encoding for one or more of the polypeptides described
herein. Methods of generating an oHSV comprising such an
exogenous nucleic acid are known in the art. The specific
position of insertion of the nucleic acid into the oHSV
genome can be determined by the skilled practitioner.
[0055] Oncolytic herpes simplex viruses (oHSV) are
known in the art and are described, for example, in Kim et al.
(1999, In: Gene Therapy of Cancer, Academic Press, San
Diego, Calif., pp. 235-248), and include type 1 herpes sim-
plex viruses and type 2 herpes simplex viruses. In one
embodiment, the oHSV used in the methods, compositions,
and kits of the invention is replication-selective or replica-
tion-competent such as one of the examples described herein.
In one embodiment, the oHSV is replication-incompetent.
[0056] Herpes simplex 1 type viruses are among the pre-
ferred viruses, for example the variant of HSV-1 viruses that
do not express functional ICP34.5 and thus exhibit signifi-
cantly less neurotoxicity than their wild type counterparts.
Such variants include without limitation oHSV-R3616, one
of the HSV-1 viruses described in Coukos et al., Gene Ther.
Mol. Biol. 3:79-89 (1998), and Varghese and Rabkin, Cancer
Gene Therapy 9:967-978 (2002). Other exemplary HSV-1
viruses include 1716, R3616, and R4009. Other replication
selective HSV-1 virus strains that can be used include, e.g.,
R47A (wherein genes encoding proteins ICP34.5 and ICP47
are deleted), G207 (genes encoding ICP34.5 and ribonucle-
otide reductase are deleted), NV 1020 (genes encoding UL.24,
ULS56 and the internal repeat are deleted), NV 1023 (genes
encoding UL24, UL56, ICP47 and the internal repeat are
deleted), 3616-UB (genes encoding ICP34.5 and uracil DNA
glycosylase are deleted), G92A (in which the albumin pro-
moter drives transcription of the essential ICP4 gene), hrR3
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(the gene encoding ribonucleotide reductase is deleted), and
R7041 (Us3 gene is deleted) and HSV strains that do not
express functional ICP34.5.

[0057] oHSV for use in the methods and compositions
described herein is not limited to one of the HSV-1 mutant
strains described herein. Any replication-selective strain of a
herpes simplex virus may be used. In addition to the HSV-1
mutant strains described herein, other HSV-1 mutant strains
that are replication selective have been described in the art.
Furthermore, HSV-2, mutant strains such as, by way of
example, HSV-2 strains 2701 (RL gene deleted), Delta RR
(ICP10PK gene is deleted), and FusOn-H2 (ICP10 PK gene
deleted) can also be used in the methods and compositions
described herein.

[0058] Non-laboratory strains of HSV can also be isolated
and adapted foruse in the invention (U.S. Pat. No. 7,063,835).
Furthermore, HSV-2 mutant strains such as, by way of
example, HSV-2 strains HSV-2701, HSV-2616, and HSV-
2604 may be used in the methods of the invention.

[0059] Inaoneembodiment, the oHSV is G47A. G47Ais a
third generation virus, which contains 1) a mutation of ICP6,
which targets viral deletion to tumor cells, 2) a deletion of
v34.5, which encodes ICP34.5 and blocks elF2a phosphory-
lation and is the major viral determinant of neuropathogenic-
ity, and 3) an additional deletion of'the ICP47 gene and US11
promoter, so that the late gene US11 is now expressed as an
immediate-early gene and able to suppress the growth inhib-
ited properties of y34.5 mutants. Deletion of ICP47 also abro-
gates HSV-1 inhibition of the transporter associated with
antigen presentation and MHC class 1 downregulation (Todo
et al., Proc. Natl. Acad. Sci. USA, 98:6396-6401(2001)).

TRAIL

[0060] The oncolytic virus described herein comprises a
nucleic acid sequence that encodes TRAIL, or a biologically
active fragment thereof, incorporated into the virus genome
in expressible form. As such the oncolytic virus serves as a
vector for delivery of TRAIL to the infected cells. The inven-
tion envisions the use of various forms of TRAIL, such as
those described herein, including without limitation, a
secreted form of TRAIL or a functional domain thereof (e.g.,
a secreted form of the extracellular domain), multimodal
TRAIL, or a therapeutic TRAIL module, therapeutic TRAIL
domain (e.g., the extracellular domain) or therapeutic TRAIL
variant (examples of each of which are described in W0O2012/
106281), and also fragments, variants and derivatives of
these, and fusion proteins comprising one of these TRAIL
forms such as described herein.

[0061] TRAIL is normally expressed on both normal and
tumor cells as a non covalent homotrimeric type-1I transmem-
brane protein (memTRAIL). In addition, a naturally occur-
ring soluble form of TRAIL (solTRAIL) can be generated due
to alternative mRNA splicing or proteolytic cleavage of the
extracellular domain of memTRAIL and thereby still retain-
ing tumor-selective pro-apoptotic activity. TRAIL utilizes an
intricate receptor system comprising four distinct membrane
receptors, designated TRAIL-R1, TRAIL-R2, TRAIL-R3
and TRAIL-R4. Of these receptors, only TRAIL-R1 and
TRAIL-2 transmit an apoptotic signal. These two receptors
belong to a subgroup of the TNF receptor family, the so-called
death receptors (DRs), and contain the hallmark intracellular
death domain (DD). This DD is critical for apoptotic signal-
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ing by death receptors (J. M. A. Kuijlen et al., Neuropathol-
ogy and Applied Neurobiology, 2010 Vol. 36 (3), pp. 168-
182).

[0062] Apoptosis is integral to normal, physiologic pro-
cesses that regulate cell number and results in the removal of
unnecessary or damaged cells. Apoptosis is frequently dys-
regulated in human cancers, and recent advancements in the
understanding of the regulation of programmed cell death
pathways has led to the development of agents to reactivate or
activate apoptosis in malignant cells. This evolutionarily con-
served pathway can be triggered in response to damage to key
intracellular structures or the presence or absence of extra-
cellular signals that provide normal cells within a multicellu-
lar organism with contextual information.

[0063] Without meaning to be bound by theory, TRAIL
activates the “extrinsic pathway” of apoptosis by binding to
TRAIL-R1 and/or TRAIL-R2, whereupon the adaptor pro-
tein Fas-associated death domain and initiator caspase-8 are
recruited to the DD of these receptors. Assembly of this
“death-inducing signaling complex” (DISC) leads to the
sequential activation of initiator and effector caspases, and
ultimately results in apoptotic cell death. The extrinsic apo-
ptosis pathway triggers apoptosis independently of p53 in
response to pro-apoptotic ligands, such as TRAIL. TRAIL-
R1 can induce apoptosis after binding non-cross-linked and
cross-linked sTRAIL. TRAIL-R2 can only be activated by
cross-linked sTRAIL. Death receptor binding leads to the
recruitment of the adaptor FADD and initiator procaspase-8
and 10 to rapidly form the DISC. Procaspase-8 and 10 are
cleaved into its activated configuration caspase-8 and 10.
Caspase-8 and 10 1in turn activate the eftector caspase-3, 6 and
7, thus triggering apoptosis.

[0064] In certain cells, the execution of apoptosis by
TRAIL further relies on an amplification loop via the “intrin-
sic mitochondrial pathway” of apoptosis. The mitochondrial
pathway of apoptosis is a stress-activated pathway, e.g., upon
radiation, and hinges on the depolarization of the mitochon-
dria, leading to release of a variety of pro-apoptotic factors
into the cytosol. Ultimately, this also triggers effector caspase
activation and apoptotic cell death. This mitochondrial
release of pro-apoptotic factors is tightly controlled by the
Bcl-2 family of pro- and anti-apoptotic proteins. In the case of
TRAIL receptor signaling, the Bcl-2 homology (BH3) only
protein ‘Bid’ is cleaved into a truncated form (tBid) by active
caspase-8. Truncated Bid subsequently activates the mito-
chondrial pathway.

[0065] TRAIL-R3 is a glycosylphosphatidylinositol-
linked receptor that lacks an intracellular domain, whereas
TRAIL-R4 only has a truncated and non-functional DD. The
latter two receptors are thought, without wishing to be bound
or limited by theory, to function as decoy receptors that modu-
late TRAIL sensitivity. Evidence suggests that TRAIL-R3
binds and sequesters TRAIL in lipid membrane micro-
domains. TRAIL-R4 appears to form heterotrimers with
TRAIL-R2, whereby TRAIL-R2-mediated apoptotic signal-
ing is disrupted. TRAIL also interacts with the soluble protein
osteoprotegerin

[0066] Diffuse expression of TRAIL has been detected on
liver cells, bile ducts, convoluted tubules of the kidney, car-
diomyocytes, lung epithelia, Leydig cells, normal odontoge-
nic epithelium, megakaryocytic cells and erythroid cells. In
contrast, none or weak expression of TRAIL was observed in
colon, glomeruli, Henle’s loop, germ and Sertoli cells of the
testis, endothelia in several organs, smooth muscle cells in
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lung, spleen and in follicular cells in the thyroid gland.
TRAIL protein expression was demonstrated in glial cells of
the cerebellum in one study. Vascular brain endothelium
appears to be negative for TRAIL-R1 and weakly positive for
TRAIL-R2. With regard to the decoy receptors, TRAIL.-R4
and TRAIL-R3 have been detected on oligodendrocytes and
neurones.

[0067] TRAIL-R1 and TRAIL-R2 are ubiquitously
expressed on a variety of tumor types. In a study on 62
primary GBM tumor specimens, TRAIL-R1 and TRAIL-R2
were expressed in 75% and 95% of the tumors, respectively.
Of note, a statistically significant positive association was
identified between agonistic TRAIL receptor expression and
survival. Highly malignant tumors express a higher amount of
TRAIL receptors in comparison with less malignant tumors
or normal tissue. In general TRAIL-R2 is more frequently
expressed on tumor cells than TRAIL-R1.

[0068] ““Tumor necrosis factor-related apoptosis-inducing
ligand” or “TRAIL” as used herein refers to the 281 amino
acid polypeptide having the amino acid sequence of: MAM-
MEVQGGPSLGQTCVLIVIFTVLLQS-
LCVAVTYVYFTNELKQMQDKYSKSGIAC
FLKEDDSYWDPNDEESMNSPCWQVKWQL-
RQLVRKMILRTSEETISTVQEKQQNISPL. VRERGPQR-
VAAHITGTRGRSNTLSSPNSKNEKALGR-
KINSWESSRSGHSFLSNLHLRN
GELVIHEKGFYYITYSQTYFRFQEE-
IKENTKNDKQMVQYIYKYTSYPDPILLMKSARNS
CWSKDAEYGLYSIYQGGIFELKEN-
DRIFVSVTNEHLIDMDHEASFFGAFLVG (SEQ ID NO:
1), as described by, e.g., NP_003801.1, together with any
naturally occurring allelic, splice variants, and processed
forms thereof. Typically, TRAIL refers to human TRAIL. The
term TRAIL, in some embodiments of the aspects described
herein, is also used to refer to truncated forms or fragments of
the TRAIL polypeptide, comprising, for example, specific
TRAIL domains or residues thereof. The amino acid
sequence of the human TRAIL molecule as presented in SEQ
ID NO: 1 comprises an N-terminal cytoplasmic domain
(amino acids 1-18), a transmembrane region (amino acids
19-38), and an extracellular domain (amino acids 39-281).
The extracellular domain comprises the TRAIL receptor-
binding region. TRAIL also has a spacer region between the
C-terminus of the transmembrane domain and a portion of the
extracellular domain This spacer region, located at the N-ter-
minus of the extracellular domain, consists of amino acids 39
through 94 of SEQ ID NO: 1. Amino acids 138 through 153 of
SEQ ID NO: 1 correspond to a loop between the 13 sheets of
the folded (three dimensional) human TRAIL protein.

[0069] Inoneembodiment,the TRAIL comprises the extra-
cellular domain of TRAIL (e.g., human trial). In one embodi-
ment, the TRAIL is a fusion protein comprising one or more
domains of TRAIL (e.g., the extracellular domain) fused to a
heterologous sequence. In one embodiment, the TRAIL
fusion protein further comprises a signal for secretion.

[0070] Preferably, the TRAIL protein and the nucleic acids
encoding it, are derived from the same species as will be
administered in the therapeutic methods described herein. In
one embodiment, the nucleotide sequence encoding TRAIL
and the TRAIL amino acid sequence is derived from a mam-
mal. In one embodiment, the mammal is a human (human
TRAIL). In one embodiment, the mammal is a non-human
primate.
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Fragments, Variants and Derivatives of TRAIL

[0071] Fragments, variants and derivatives of native
TRAIL proteins for use in the invention that retain a desired
biological activity of TRAIL, such as TRAIL apoptotic activ-
ity are also envisioned for delivery by the oncolytic virus
vector. In one embodiment, the biological or apoptotic activ-
ity of a fragment, variant or derivative of TRAIL is essentially
equivalent to the biological activity of the corresponding
native TRAIL protein. In one embodiment, the biological
activity for use in determining the activity is apoptotic activ-
ity. In one embodiment, 100% of the apoptotic activity is
retained by the fragment, variant or derivative. In one embodi-
ment less than 100%, activity is retained (e.g., 95%, 90%,
85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%, 40%) as
compared to the full length native TRAIL. Fragments, vari-
ants or derivatives which retain less activity (e.g., 34%, 30%,
25%, 20%, 10%, etc.) may also be of value in the therapeutic
methods described herein and as such are also encompassed
in the invention. One measurement of TRAIL apoptotic activ-
ity by a TRAIL variant or TRAIL domain is the ability to
induce apoptotic death of Jurkat cells. Assay procedures for
identifying biological activity of TRAIL variants by detecting
apoptosis of target cells, such as Jurkat cells, are well known
in the art. DNA laddering is among the characteristics of cell
death via apoptosis, and is recognized as one of the observ-
able phenomena that distinguish apoptotic cell death from
necrotic cell death. Apoptotic cells can also be identified
using markers specific for apoptotic cells, such as Annexin V,
in combination with flow cytometric techniques, as known to
one of skill in the art. Further examples of assay techniques
suitable for detecting death or apoptosis of target cells include
those described in W0O2012/106281.

[0072] A variety of TRAIL fragments that retain the apop-
totic activity of TRAIL are known in the art, and include
biologically active domains and fragments disclosed in Wiley
et al. (U.S. Patent Publication 20100323399).

[0073] TRAIL variants can be obtained by mutations of
native TRAIL nucleotide sequences, for example. A “TRAIL
variant,” as referred to herein, is a polypeptide substantially
homologous to a native TRAIL, but which has an amino acid
sequence different from that of native TRAIL because of one
oraplurality of deletions, insertions or substitutions. “TRAIL
encoding DNA sequences” encompass sequences that com-
prise one or more additions, deletions, or substitutions of
nucleotides when compared to a native TRAIL. DNA
sequence, but that encode a TRAIL protein or fragment
thereof that is essentially biologically equivalent to a native
TRAIL protein, i.e., has the same apoptosis inducing activity.
[0074] The variantamino acid or DNA sequence preferably
is at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or more, identical to a native TRAIL sequence. The
degree ofhomology or percent identity) between a native and
a mutant sequence can be determined, for example, by com-
paring the two sequences using freely available computer
programs commonly employed for this purpose on the world
wide web.

[0075] Alterations ofthe native amino acid sequence can be
accomplished by any of a number of known techniques
known to one of skill in the art. Mutations can be introduced,
for example, at particular loci by synthesizing oligonucle-
otides containing a mutant sequence, flanked by restriction
sites enabling ligation to fragments of the native sequence.
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Following ligation, the resulting reconstructed sequence
encodes an analog having the desired amino acid insertion,
substitution, or deletion. Alternatively, oligonucleotide-di-
rected site-specific mutagenesis procedures can be employed
to provide an altered nucleotide sequence having particular
codons altered according to the substitution, deletion, or
insertion required. Techniques for making such alterations
include those disclosed by Walder et al. (Gene 42:133, 1986);
Bauer etal. (Gene 37:73, 1985); Craik (BioTechniques, Janu-
ary 1985, 12-19); Smith et al. (Genetic Engineering: Prin-
ciples and Methods, Plenum Press, 1981); and U.S. Pat. Nos.
4,518,584 and 4,737,462, which are herein incorporated by
reference in their entireties.

[0076] TRAIL variants can, in some embodiments, com-
prise conservatively substituted sequences, meaning that one
or more amino acid residues of a native TRAIL polypeptide
are replaced by different residues, and that the conservatively
substituted TRAIL polypeptide retains a desired biological
activity, i.e., apoptosis inducing activity or TRAIL apoptotic
activity, that is essentially equivalent to that of the native
TRAIL polypeptide.

[0077] Examples of conservative substitutions include sub-
stitution of amino acids that do not alter the secondary and/or
tertiary structure of TRAIL.

[0078] In other embodiments, TRAIL variants can com-
prise substitution of amino acids that have not been evolu-
tionarily conserved. Conserved amino acids located in the
C-terminal portion of proteins in the TNF family, and
believed to be important for biological activity, have been
identified. These conserved sequences are discussed in Smith
etal. (Cell, 73:1349,1993,); Sudaetal. (Cell, 75:1169, 1993);
Smith et al. (Cell, 76:959, 1994); and Goodwin et al. (Eur. J.
Immunol., 23:2631, 1993). Advantageously, in some embodi-
ments, these conserved amino acids are not altered when
generating conservatively substituted sequences. In some
embodiments, if altered, amino acids found at equivalent
positions in other members of the TNF family are substituted.
Among the amino acids in the human TRAIL protein of SEQ
ID NO:1 that are conserved are those at positions 124-125
(AH), 136 (L), 154 (W), 169 (L), 174 (L), 180 (G), 182 (Y),
187 (Q), 190 (F), 193 (Q), and 275-276 (FG) of SEQ ID
NO:1. Another structural feature of TRAIL is a spacer region
(i.e., TRAIL (39-94)) between the C-terminus of the trans-
membrane region and the portion of the extracellular domain
that is believed to be important for biological apoptotic activ-
ity. In some embodiments, when the desired biological activ-
ity of TRAIL domain is the ability to bind to a receptor on
target cells and induce apoptosis of the target cells substitu-
tion of amino acids occurs outside of the receptor-binding
domain.

[0079] A givenamino acid ofa TRAIL domain can, insome
embodiments, be replaced by a residue having similar phys-
iochemical characteristics, e.g., substituting one aliphatic
residue for another (such as Ile, Val, Leu, or Ala for one
another), or substitution of one polar residue for another (such
as between Lys and Arg; Glu and Asp; or Gln and Asn). Other
such conservative substitutions, e.g., substitutions of entire
regions having similar hydrophobicity characteristics, are
well known. TRAIL polypeptides comprising conservative
amino acid substitutions can be tested in any one of the assays
described herein to confirm that a desired TRAIL apoptotic
activity of a native TRAIL molecule is retained.

[0080] Amino acids can be grouped according to similari-
ties in the properties of their side chains (in A. L. Lehninger,
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in Biochemistry, second ed., pp. 73-75, Worth Publishers,
New York (1975)): (1) non-polar: Ala (A), Val (V), Leu (L),
Ile (), Pro (P), Phe (F), Trp (W), Met (M); (2) uncharged
polar: Gly (G), Ser (S), Thr (T), Cys (C), Tyr (Y), Asn (N), Gln
(Q); (3) acidic: Asp (D), Glu (E); (4) basic: Lys (K), Arg (R),
His (H).

[0081] Alternatively, naturally occurring residues can be
divided into groups based on common side-chain properties:
(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, Ile; (2)
neutral hydrophilic: Cys, Ser, Thr, Asn, Gln; (3) acidic: Asp,
Glu; (4) basic: His, Lys, Arg; (5) residues that influence chain
orientation: Gly, Pro; (6) aromatic: Trp, Tyr, Phe. Non-con-
servative substitutions will entail exchanging a member of
one of these classes for another class.

[0082] Particularly preferred conservative substitutions for
use in the TRAIL variants described herein are as follows: Ala
into Gly or into Ser; Arg into Lys; Asn into Gln or into His;
Asp into Glu; Cys into Ser; Gln into Asn; Glu into Asp; Gly
into Ala or into Pro; His into Asn or into Gln; Ile into Leu or
into Val; Leu into Ile or into Val; Lys into Arg, into Gln or into
Glu; Met into Leu, into Tyr or into Ile; Phe into Met, into Leu
or into Tyr; Ser into Thr; Thr into Ser; Trp into Tyr; Tyr into
Trp; and/or Phe into Val, into Ile or into Leu.

[0083] Any cysteine residue not involved in maintaining
the proper conformation of the multimodal TRAIL agent also
can be substituted, generally with serine, to improve the oxi-
dative stability of the molecule and prevent aberrant
crosslinking. Conversely, cysteine bond(s) can be added to
the multimodal TRAIL agent to improve its stability or facili-
tate oligomerization.

Secreted TRAIL

[0084] In one embodiment, a form of TRAIL that is
secreted (secreted TRAIL or sol TRAIL) is expressed by the
oncolytic virus described herein. Various forms of secreted
TRAIL can be used in the methods and compositions
described herein. In one embodiment, the secreted TRAIL is
the naturally occurring soluble TRAIL. (Ashkenazi A. et al.,
J Clin Oncol 2008; 26: 3621-30, and Kelley S K et al,, J
Pharmacol Exp Ther 2001; 299: 31-8). In one embodiment
the naturally occurring soluble TRAIL is fused with an anti-
body derivative, such as scFv245 (Bremer E. et al., ] Mol Med
2008; 86: 909-24; Bremer E, et al., Cancer Res 2005; 65:
3380-88; Bremer E, et al., ] Biol Chem 2005; 280: 10025-33,
and Stieglmaier J, et al., Cancer Immunol Immunother 2008;
57:233-46).

[0085] Alternatively, the endogenous secretion sequence of
TRAIL present on the N terminus can be replaced with the
signal sequence (otherwise referred to as the extracellular
domain) from Flt3 ligand and an isoleucine zipper (Shah et
al.,, Cancer Research 64: 3236-3242 (2004); WO 2012/
106281; Shah et al. Mol Ther. 2005 June; 11(6):926-31).
Other secretion signal sequences can be added to TRAIL in
turn to generate a secreted TRAIL for use in the invention. For
example, SEC2 signal sequence and SEC(CV) signal
sequence can be fused to TRAIL (see for example U.S. Patent
Publication 2002/0128438). Other secretion signal sequences
may also be used and nucleotides including restriction
enzyme sites can be added to the 5' or 3' terminal of respective
secretion signal sequence, to facilitate the incorporation of
such sequences into the DNA cassette. Such secretion signal
sequences can be fused to the N-terminus or to the C-termi-
nus.



US 2015/0197730 Al

[0086] Additionally, a linker sequence may be inserted
between heterologous sequence and the TRAIL in order to
preserve function of either portion of the generated fusion
protein. Such linker sequences known in the art include a
linker domain having the 7 amino acids (EASGGPE; SEQ ID
NO: 3), a linker domain having 18 amino acids (GSTGGS-
GKPGSGEGSTGG; SEQ ID NO: 4). As used herein, a
“linker sequence” refers to a peptide, or a nucleotide
sequence encoding such a peptide, of at least 8 amino acids in
length. In some embodiments of the aspects described herein,
the linker module comprises at least 9 amino acids, at least 10
amino acids, at least 11 amino acids, at least 12 amino acids,
at least 13 amino acids, at least 14 amino acids, at least 15
amino acids, at least 16 amino acids, at least 17 amino acids,
at least 18 amino acids, at least 19 amino acids, at least 20
amino acids, at least 21 amino acids, at least 22 amino acids,
at least 23 amino acids, at least 24 amino acids, at least 25
amino acids, at least 30 amino acids, at least 35 amino acids,
at least 40 amino acids, at least 45 amino acids, at least 50
amino acids, at least 55 amino acids, at least 56 amino acids,
at least 60 amino acids, or least 65 amino acids. In some
embodiments of the aspects described herein, a linker module
comprises a peptide of 18 amino acids in length. In some
embodiments of the aspects described herein, a linker module
comprises a peptide of at least 8 amino acids in length but less
than or equal to 56 amino acids in length, i.e., the length of the
spacer sequence in the native TRAIL molecule of SEQ ID
NO: 1. In some embodiments, the linker sequence comprises
the spacer sequence of human TRAIL, i.e., amino acids 39-94
of SEQ ID NO: 1, or a sequence having at least 80%, at least
85%, at least 90%, at least 95%, atleast 99% identity to amino
acids 39-94 of SEQ ID NO: 1.

Signal Sequences

[0087] Secreted TRAIL may be generated by incorporation
of a secretion signal sequence into the TRAIL or TRAIL
fragment or derivative. As used herein, the terms “secretion
signal sequence,” “secretion sequence,” “secretion signal
peptide,” or “signal sequence,” refer to a sequence that is
usually about 3-60 amino acids long and that directs the
transport of a propeptide to the endoplasmic reticulum and
through the secretory pathway during protein translation. As
used herein, a signal sequence, which can also be known as a
signal peptide, a leader sequence, a prepro sequence or a pre
sequence, does not refer to a sequence that targets a protein to
the nucleus or other organelles, such as mitochondria, chlo-
roplasts and apicoplasts. In one embodiment, the secretion
signal sequence comprises 5 to 15 amino acids with hydro-
phobic side chains that are recognized by a cytosolic protein,
SRP (Signal Recognition Particle), which stops translation
and aids in the transport of an mRNA-ribosome complex to a
translocon in the membrane of the endoplasmic reticulum. In
one embodiment, the secretion signal peptide comprises at
least three regions: an amino-terminal polar region (N
region), where frequently positive charged amino acid resi-
dues are observed, a central hydrophobic region (H region) of
7-8 amino acid residues and a carboxy-terminal region (C
region) that includes the cleavage site. Commonly, the signal
peptide is cleaved from the mature protein with cleavage
occurring at this cleavage site.

[0088] The secretory signal sequence is operably linked to
the TRAIL or TRAIL fragment or derivative such that the two
sequences are joined in the correct reading frame and posi-
tioned to direct the newly synthesized polypeptide into the
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secretory pathway of the host cell. Secretory signal sequences
are commonly positioned 5' to the nucleotide sequence
encoding the polypeptide of interest, although certain secre-
tory signal sequences can be positioned elsewhere in the
nucleotide sequence of interest (see, e.g., Welch et al., U.S.
Pat. No. 5,037,743; Holland et al., U.S. Pat. No. 5,143,830).

[0089] In one embodiment, the secretory sequence com-
prises amino acids 1-81 of the following FIt3L. amino acid
sequence: MTVLAPAWSP NSSLLLLLLL LSPCLRGTPD
CYFSHSPISS NFKVKFRELT DHLLKDYPVT VAVN-
LQDEKH CKALWSLFLA QRWIEQLKTV AGSKM-
QTLLE DVNTEIHFVT SCTFQPLPEC LRFVQTNISH
LLKDTCTQLL ALKPCIGKAC QNFSRCLEVQ CQP-
DSSTLLP PRSPIALEAT ELPEPRPRQL LLLLLLLLPL
TLVLLAAAWG LRWQRARRRG ELHPGVPLPS HP
(SEQIDNO: 2, GenBank Accession P49772), or a functional
fragment thereof. In one embodiment, the signal peptide
comprises amino acids 1-81 of SEQ ID NO: 2. In one embodi-
ment, the secretory signal sequence comprises a sequence
having at least 90% identity to amino acids 1-81 of SEQ ID
NO: 2. In one embodiment, the secretory signal sequence
consists essentially of amino acids 1-81 of SEQ ID NO: 2. In
one embodiment, the secretory signal sequence consists of
amino acids 1-81 of SEQ ID NO: 2.

[0090] While the secretory signal sequence can be derived
from FIt3L, in other embodiments a suitable signal sequence
can also be derived from another secreted protein or synthe-
sized de novo. Other secretory signal sequences which can be
substituted for the FIt3L. signal sequence for expression in
eukaryotic cells include, for example, naturally-occurring or
modified versions of the human IL-17RC signal sequence,
otPA pre-pro signal sequence, human growth hormone signal
sequence, human CD33 signal sequence Ecdysteroid Gluco-
syltransferase (EGT) signal sequence, honey bee Melittin
(Invitrogen Corporation; Carlsbad, Calif.), baculovirus gp67
(PharMingen: San Diego, Calif.) (US Pub. No.
20110014656). Additional secretory sequences include
secreted alkaline phosphatase signal sequence, interleukin-1
signal sequence, CD-14 signal sequence and variants thereof
(US Pub. No. 20100305002) as well as the following peptides
and derivatives thereof: Sandfly Yellow related protein signal
peptide, silkworm friboin LC signal peptide, snake PLA2,
Cyrpidina noctiluca luciferase signal peptide, and pinemoth
fibroin LC signal peptide (US Pub. No. 20100240097). Fur-
ther signal sequences can be selected from databases of pro-
tein domains, such as SPdb, a signal peptide database
described in Choo et al., BMC Bioinformatics 2005, 6:249,
LOCATE, a mammalian protein localization database
described in Sprenger et al. Nuc Acids Res, 2008,
36:D230D233, or identified using computer modeling by
those skilled in the art (Ladunga, Curr Opin Biotech 2000,
1:13-18).

[0091] Selection of appropriate signal sequences and opti-
mization or engineering of signal sequences is known to those
skilled in the art (Stern et al., Trends in Cell & Molecular
Biology 2007 2:1-17; Barash et al., Biochem Biophys Res
Comm 2002, 294:835-842). In one embodiment, a signal
sequence can be used that comprise a protease cleavage site
for a site-specific protease (e.g., Factor IX or Enterokinase).
This cleavage site can be included between the pro sequence
and the bioactive secreted peptide sequence, e.g., TRAIL
domain, and the pro-peptide can be activated by the treatment
of cells with the site-specific protease (US Pub. No.
20100305002).
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Leucine Zippers

[0092] The TRAIL or TRAIL fragment, derivative or vari-
ant, described herein can, in some embodiments, further com-
prise a leucine zipper domain sequence. As used herein, “leu-
cine zipper domains” refer to naturally occurring or synthetic
peptides that promote oligomerization of the proteins in
which they are found. The leucine zipper is a super-secondary
structure that functions as a dimerization domain, and its
presence generates adhesion forces in parallel alpha helices.
A single leucine zipper comprises multiple leucine residues at
approximately 7-residue intervals, which forms an amphip-
athic alpha helix with a hydrophobic region running along
one side. The dimer formed by a zipper domain is stabilized
by the heptan repeat, designated (abcdefg),, according to the
notation of McLachlan and Stewart (J. Mol. Biol. 98:293;
1975), in which residues a and d are generally hydrophobic
residues, with d being a leucine, which line up on the same
face of a helix. Oppositely-charged residues commonly occur
atpositions gand e. Thus, in a parallel coiled coil formed from
two helical zipper domains, the “knobs” formed by the hydro-
phobic side chains of the first helix are packed into the “holes™
formed between the side chains of the second helix. The
residues at position d (often leucine) contribute large hydro-
phobic stabilization energies, and are important for oligomer
formation (Krystek et al., Int. J. Peptide Res. 38:229, 1991).
This hydrophobic region provides an area for dimerization,
allowing the motifs to “zip” together. Furthermore, the hydro-
phobic leucine region is absolutely required for DNA bind-
ing. Leucine zippers were originally identified in several
DNA-binding proteins (Landschulz et al., Science 240:1759,
1988), and have since been found in a variety of different
proteins. Among the known leucine zippers are naturally
occurring peptides and derivatives thereof that dimerize or
trimerize.

[0093] Examples of zipper domains are those found in the
yeast transcription factor GCN4 and a heat-stable DNA-bind-
ing protein found in rat liver (C/EBP; Landschulz et al.,
Science 243:1681, 1989). The nuclear transforming proteins,
fos and jun, also exhibit zipper domains, as does the gene
product of the murine proto-oncogene, c-myc (Landschulz et
al., Science 240:1759, 1988). The fusogenic proteins of sev-
eral different viruses, including paramyxovirus, coronavirus,
measles virus and many retroviruses, also possess zipper
domains (Buckland and Wild, Nature 338:547,1989; Britton,
Nature 353:394, 1991; Delwart and Mosialos, AIDS
Research and Human Retrovirtises 6:703, 1990). The zipper
domains in these fusogenic viral proteins are near the trans-
membrane region of the protein. Oligomerization of fuso-
genic viral proteins is involved in fusion pore formation
(Spruce et al, Proc. Natl. Acad. Sci. U.S.A. 88:3523, 1991).
Zipper domains have also been reported to play a role in
oligomerization of heat-shock transcription factors (Rabin-
dran et al., Science 259:230, 1993).

[0094] Examples of leucine zipper domains suitable for
producing multimodal TRAIL agents include, but are not
limited to, those described in PCT application WO 94/10308;
U.S. Pat. No. 5,716,805; the leucine zipper derived from lung
surfactant protein D (SPD) described in Hoppe et al., 1994,
FEBS Letters 344:191; and Fanslow et al., 1994, Semin.
Immunol. 6:267-278, the contents of each of which are
hereby incorporated by reference in their entireties. In one
embodiment, leucine residues in a leucine zipper domain are
replaced by isoleucine residues. Such peptides comprising
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isoleucine can also be referred to as isoleucine zippers, but are
encompassed by the term “leucine zippers™ as used herein.

Additional Nucleic Acids

[0095] The recombinant oncolytic virus comprising
TRAIL nucleic acid may further contain additional heterolo-
gous nucleic acid sequences (e.g., in expressible form),
referred to herein as a second heterologous nucleic acid
sequence, a third heterologous nucleic acid sequence, etc.
Alternatively, the recombinant oncolytic virus may contain
no additional heterologous nucleic acid sequences.

[0096] Any desired DNA can be inserted, including DNA
that encodes selectable markers, or preferably genes coding
for a therapeutic, biologically active protein, such as interfer-
ons, cytokines, chemokines, or more preferably DNA coding
for a prodrug converting enzyme, including thymidine kinase
(Martuza et al., Science, 252:854, 1991), cytosine deamind-
ase (U.S. Pat. No. 5,358,866), cyp450 (U.S. Pat. No. 5,688,
773), and others. In one embodiment, the nucleic acid
encodes a protein that inhibits tumor growth (e.g., a chemo-
therapeutic, growth regulatory agent) or modifies an immune
response. An example of a chemotherapeutic agent is mito-
micin C. In one embodiment, the nucleic acid encodes a
growth regulatory molecule (e.g., one that has been lost in
tumorigenesis of the tumor). Examples of such molecules
without limitation proteins from the caspase family such as
Caspase-9 (P55211(CASP9_HUMAN); HGNC: 15111;
Entrez Gene: 8422; Ensembl: ENSG000001329067; OMIM:
6022345; UniProtKB: P552113), Caspase-8 (Q14790
(CASP8_HUMAN); 9606 [NCBI]), Caspase-7 (P55210
(CASP7_HUMAN); 9606 [NCBI]), and Caspase-3 (HCGN:
1504; Ensembl:ENSG00000164305; HPRD:02799; MIM:
600636; Vega:OTTHUMGO00000133681), pro-apoptotic
proteins such as Bax (HGNC: 9591; Entrez Gene: 5812;
Ensembl: ENSG000000870887; OMIM: 6000405; UniPro-
tKB: Q078123), Bid (HGNC: 10501; Entrez Gene: 6372;
Ensembl: ENSG000000154757; OMIM: 6019975; UniPro-
tKB: P559573), Bad (HGNC: 9361; Entrez Gene: 5722;
Ensembl: ENSG000000023307; OMIM: 6031675; UniPro-
tKB: Q92934), Bak (HGNC: 9491; Entrez Gene: 5782;
Ensembl: ENSG000000301107; OMIM: 6005165; UniPro-
tKB: Q166113), BCL2L.11 (HGNC: 9941; Entrez Gene:
100182; Ensembl: ENSG000001530947; OMIM: 6038275;
UniProtKB: 0435213), p53 (HGNC: 119981; Entrez Gene:
71572; Ensembl: ENSG000001415107; OMIM: 1911705;
UniProtKB: P046373), PUMA (HGNC: 178681; Entrez
Gene: 271132; Ensembl: ENSG000001053277,; OMIM:
6058545; UniProtKB: Q96PG83; UniProtKB: Q9BXH13),
Diablo/SMAC (HGNC: 215281; Entrez Gene: 566162;
Ensembl: ENSG000001840477; OMIM: 6052195; UniPro-
tKB: Q9NR283). In one embodiment, the nucleic acid
encodes an immunomodulatory agent (e.g, immunostimula-
tory transgenes), including, without limitation, F1t-3 ligand,
HMBG], calreticulin, GITR ligand, interleukin-12, interleu-
kin-15, interleukin-18, or CCL17.

[0097] Theexogenous nucleic acids can be inserted into the
oncolytic virus by the skilled practitioner. In one embodi-
ment, the oncolytic virus is HSV and the exogenous nucleic
acid is inserted into the thymidine kinase (TK) gene of the
viral genome, or replacing the deleted TK gene (see for
example, U.S. Pat. No. 5,288,641 for insertion of exogenous
nucleic acid into HSV). When the oncolytic virus comprises
a second exogenous nucleic acid, the nucleic acid preferably
encodes an anti-oncogenic or oncolytic gene product. The
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gene product may be one (e.g. an antisense oligonucleotide)
which inhibits growth or replication of only the cell infected
by the virus, or it may be one (e.g. thymidine kinase) which
exerts a significant bystander effect upon lysis of the cell
infected by the virus.

Methods of Treatment

[0098] Another aspect of the invention relates to a method
of treating a proliferative disorder in a subject. The method
comprises administering a recombinant oncolytic virus com-
prising the TRAIL nucleic acid sequences (herein referred to
as recombinant oncolytic virus-TRAIL) described herein to
the subject to thereby contact cells exhibiting undesired pro-
liferation with an effective amount of the recombinant onco-
Iytic virus-TRAIL. In one embodiment, the subject is diag-
nosed with a tumor that is resistant to an oncolytic virus (e.g.,
oHSV), to TRAIL or secreted TRAIL, or a combination
thereof.

[0099] In one embodiment, the proliferative disorder is a
tumor and the method of the invention relates to a method for
inhibiting tumor progression. An effective amount of the
recombinant oncolytic virus-TRAIL is contacted to the tumor
to thereby deliver the molecule to the tumor cells.

[0100] The term “tumor” refers to the tissue mass or tissue
type or cell type that is undergoing uncontrolled proliferation.
A tumor can be benign or malignant. A benign tumor is
characterized as not undergoing metastasis. A malignant cell
is a cancer cell and can undergo metastasis. Tumors on which
the method can be performed include, without limitation,
adenoma, angio-sarcoma, astrocytoma, epithelial carcinoma,
germinoma, glioblastoma, glioma, hamartoma, hemangioen-
dothelioma, hemangiosarcoma, hematoma, hepato-blastoma,
leukemia, lymphoma, medulloblastoma, melanoma, neuro-
blastoma, osteosarcoma, retinoblastoma, rhabdomyosar-
coma, sarcoma, and teratoma. The tumor can be chosen from
acral lentiginous melanoma, actinic keratoses, adenocarci-
noma, adenoid cycstic carcinoma, adenomas, adenosarcoma,
adenosquamous carcinoma, astrocytic tumors, bartholin
gland carcinoma, basal cell carcinoma, bronchial gland car-
cinomas, capillary, carcinoids, carcinoma, carcinosarcoma,
cavernous, cholangio-carcinoma, chondosarcoma, choriod
plexus papilloma/carcinoma, clear cell carcinoma, cystad-
enoma, endodermal sinus tumor, endometrial hyperplasia,
endometrial stromal sarcoma, endometrioid adenocarci-
noma, ependymal, epitheloid, Ewing’s sarcoma, fibrolamel-
lar, focal nodular hyperplasia, gastrinoma, germ cell tumors,
glioblastoma, glucagonoma, hemangiblastomas, heman-
gioendothelioma, hemangiomas, hepatic adenoma, hepatic
adenomatosis, hepatocellular carcinoma, insulinoma,
intaepithelial neoplasia, interepithelial squamous cell neopla-
sia, invasive squamous cell carcinoma, large cell carcinoma,
leiomyo sarcoma, lentigo maligna melanomas, malignant
melanoma, malignant mesothelial tumors, medulloblastoma,
medulloepithelioma, melanoma, meningeal, mesothelial,
metastatic carcinoma, mucoepidermoid carcinoma, neuro-
blastoma, neuroepithelial adenocarcinoma nodular mela-
noma, oat cell carcinoma, oligodendroglial, osteosarcoma,
pancreatic, papillary serous adeno-carcinoma, pineal cell,
pituitary tumors, plasmacytoma, pseudo-sarcoma, pulmo-
nary blastoma, renal cell carcinoma, retinoblastoma, rhab-
domyosarcoma, sarcoma, serous carcinoma, small cell carci-
noma, soft tissue carcinomas, somatostatin-secreting tumor,
squamous carcinoma, squamous cell carcinoma, subme-
sothelial, superficial spreading melanoma, undifferentiated
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carcinoma, uveal melanoma, verrucous carcinoma, vipoma,
well differentiated carcinoma, and Wilm’s tumor. In one
embodiment, the tumor expresses one or more receptors for
TRAIL.

[0101] Another aspect of the invention relates to a method
of treating a subject for a cell proliferative disorder such as
cancer. The method comprises administering a therapeuti-
cally effective amount of recombinant oncolytic virus-
TRAIL to the subject in the form of a pharmaceutical com-
position. Examples of cancer include but are not limited to,
carcinoma, lymphoma, blastoma, sarcoma, and leukemia.
More particular examples of such cancers include, but are not
limited to, basal cell carcinoma, biliary tract cancer; bladder
cancer; bone cancer; brain and CNS cancer; breast cancer;
cancer of the peritoneum; cervical cancer; choriocarcinoma;
colon and rectum cancer; connective tissue cancer; cancer of
the digestive system; endometrial cancer; esophageal cancer;
eye cancer; cancer of the head and neck; gastric cancer (in-
cluding gastrointestinal cancer); glioblastoma (GBM);
hepatic carcinoma; hepatoma; intra-epithelial neoplasm; kid-
ney or renal cancer; larynx cancer; leukemia; liver cancer;
lung cancer (e.g., small-cell lung cancer, non-small cell lung
cancer, adenocarcinoma of the lung, and squamous carci-
noma of the lung); lymphoma including Hodgkin’s and non-
Hodgkin’s lymphoma; melanoma; myeloma; neuroblastoma;
oral cavity cancer (e.g., lip, tongue, mouth, and pharynx);
ovarian cancer; pancreatic cancer; prostate cancer; retino-
blastoma; rhabdomyosarcoma; rectal cancer; cancer of the
respiratory system; salivary gland carcinoma; sarcoma; skin
cancer; squamous cell cancer; stomach cancer; testicular can-
cer; thyroid cancer; uterine or endometrial cancer; cancer of
the urinary system; vulval cancer; as well as other carcinomas
and sarcomas; as well as B-cell lymphoma (including low
grade/follicular non-Hodgkin’s lymphoma (NHL); small
lymphocytic (SL) NHL; intermediate grade/follicular NHL;
intermediate grade diffuse NHL; high grade immunoblastic
NHL,; high grade lymphoblastic NHL; high grade small non-
cleaved cell NHL; bulky disease NHL; mantle cell lym-
phoma; AIDS-related lymphoma; and Waldenstrom’s Mac-
roglobulinemia); chronic lymphocytic leukemia (CLL);
acute lymphoblastic leukemia (ALL); Hairy cell leukemia;
chronic myeloblastic leukemia; and post-transplant lym-
phoproliferative disorder (PTLD), as well as abnormal vas-
cular proliferation associated with phakomatoses, edema
(such as that associated with brain tumors), and Meigs’ syn-
drome.

[0102] In one embodiment the cancer is a brain cancer,
brain tumor, or intracranial neoplasm. Intracranial neoplasms
or cancers can arise from any of the structures or cell types
present in the CNS, including the brain, meninges, pituitary
gland, skull, and even residual embryonic tissue. The overall
annual incidence of primary brain tumors in the United States
is 14 cases per 100,000. The most common primary brain
tumors are meningiomas, representing 27% of all primary
brain tumors, and glioblastomas, representing 23% of all
primary brain tumors (whereas glioblastomas account for
40% of malignant brain tumor in adults). Many of these
tumors are aggressive and of high grade. Primary brain
tumors are the most common solid tumors in children and the
second most frequent cause of cancer death after leukemia in
children.
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Pharmaceutical Compositions

[0103] The pharmaceutically acceptable vehicle for deliv-
ery of the recombinant oncolytic virus-TRAIL can be
selected from known pharmaceutically acceptable vehicles,
and should be one in which the virus is stable. For example, it
can be a diluent, solvent, buffer, and/or preservative. An
example of a pharmaceutically acceptable vehicle is phos-
phate buffer containing NaCl. Other pharmaceutically
acceptable vehicles aqueous solutions, non-toxic excipients,
including salts, preservatives, buffers and the like are
described in REMINGTON’S PHARMACEUTICAL SCI-
ENCES, 15th Ed. Easton: Mack Publishing Co. pp 1405-
1412 and 1461-1487 (1975) and THE NATIONAL FORMU-
LARY XIV., 14th Ed. Washington: American Pharmaceutical
Association (1975), the contents of which are hereby incor-
porated by reference.

[0104] Pharmaceutical compositions and formulations for
specified modes of administration, described herein are also
encompassed by the present invention. In one embodiment,
the oncolytic virus-TRAIL described herein is an active
ingredient in a composition comprising a pharmaceutically
acceptable carrier. Such a composition is referred to herein as
a pharmaceutical composition. A “pharmaceutically accept-
able carrier” means any pharmaceutically acceptable means
to mix and/or deliver the targeted delivery composition to a
subject. The term “pharmaceutically acceptable carrier” as
used herein means a pharmaceutically acceptable material,
composition or vehicle, such as a liquid or solid filler, diluent,
excipient, solvent or encapsulating material, involved in car-
rying or transporting the subject agents from one organ, or
portion of the body, to another organ, or portion of the body.
Each carrier must be “acceptable” in the sense of being com-
patible with the other ingredients of the composition and is
compatible with administration to a subject, for example a
human. Such compositions can be specifically formulated for
administration via one or more of a number of routes, such as
the routes of administration described herein. Supplementary
active ingredients also can be incorporated into the composi-
tions. When an agent, formulation or pharmaceutical compo-
sition described herein, is administered to a subject, prefer-
ably, a therapeutically effective amount is administered. As
used herein, the term “therapeutically effective amount”
refers to an amount that results in an improvement or reme-
diation of the condition.

Administration

[0105] Administration of the pharmaceutical composition
to a subject is by means which the recombinant oncolytic
virus-TRAIL contained therein will contact the target cell.
The specific route will depend upon certain variables such as
the target cell, and can be determined by the skilled practitio-
ner. Suitable methods of administering a composition com-
prising a pharmaceutical composition of the present invention
to a patient include any route of in vivo administration that is
suitable for delivering a viral vector, recombinant nucleic
acid molecule or protein to a patient. The preferred routes of
administration will be apparent to those of skill in the art,
depending on the type of viral vector used, the target cell
population, and the disease or condition experienced by the
subject. Preferred methods of in vivo administration include,
but are not limited to, intravenous administration, intraperi-
toneal administration, intramuscular administration, intrac-
oronary administration, intraarterial administration (e.g., into
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a carotid artery), subcutaneous administration, transdermal
delivery, intratracheal administration, subcutaneous admin-
istration, intraarticular administration, intraventricular
administration, inhalation (e.g., aerosol), intracerebral, nasal,
oral, pulmonary administration, impregnation of a catheter,
and direct injection into a tissue. In an embodiment where the
target cells are in or near a tumor, a preferred route of admin-
istration is by direct injection into the tumor or tissue sur-
rounding the tumor. For example, when the tumor is a breast
tumor, the preferred methods of administration include
impregnation of a catheter, and direct injection into the tumor.
[0106] Intravenous, intraperitoneal, and intramuscular
administrations can be performed using methods standard in
the art. Aerosol (inhalation) delivery can also be performed
using methods standard in the art (see, for example, Stribling
et al., Proc. Natl. Acad. Sci. USA 189:11277-11281, 1992,
which is incorporated herein by reference in its entirety). Oral
delivery can be performed by complexing a therapeutic com-
position of the present invention to a carrier capable of with-
standing degradation by digestive enzymes in the gut of an
animal. Examples of such carriers, include plastic capsules or
tablets, such as those known in the art.

[0107] One method of local administration is by direct
injection. Direct injection techniques are particularly useful
for administering a recombinant nucleic acid molecule to a
cell or tissue that is accessible by surgery, and particularly, on
or near the surface of the body. Administration of a compo-
sition locally within the area of a target cell refers to injecting
the composition centimeters and preferably, millimeters from
the target cell or tissue.

Dosage and Treatment Regimen

[0108] The appropriate dosage and treatment regimen for
the methods of treatment described herein will vary with
respect to the particular disease being treated, the molecules
being delivered, and the specific condition of the subject. The
skilled practitioner is to determine the amounts and frequency
of administration on a case by case basis. In one embodiment,
the administration is over a period of time until the desired
effect (e.g., reduction in symptoms is achieved). In one
embodiment, administration is 1, 2, 3, 4, 5, 6, or 7 times per
week. In one embodiment, administration is over a period of
1,2,3,4,5 6,7, 8,9, or 10 weeks. In one embodiment,
administration is over a period 0f 2, 3, 4, 5, 6 or more months.
In one embodiment, treatment is resumed following a period
of remission.

Kits

[0109] Another aspect of the invention relates to a kit com-
prising one or more of the compositions described herein.
Optionally the kit can include the compositions distributed in
single or multiple dosages units. The kit may comprise the
composition packaged in a device for administration. The kit
may optionally comprise directions for use, dosage, and/or
administration of the composition contained within.

[0110] Unless otherwise defined herein, scientific and tech-
nical terms used in connection with the present application
shall have the meanings that are commonly understood by
those of ordinary skill in the art. Further, unless otherwise
required by context, singular terms shall include pluralities
and plural terms shall include the singular.

[0111] It should be understood that this invention is not
limited to the particular methodology, protocols, and
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reagents, etc., described herein and as such may vary. The
terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to limit the
scope of the present invention, which is defined solely by the
claims.
[0112] Other than in the operating examples, or where oth-
erwise indicated, all numbers expressing quantities of ingre-
dients or reaction conditions used herein should be under-
stood as modified in all instances by the term “about.” The
term “about” when used to described the present invention, in
connection with percentages means+1%.
[0113] In one respect, the present invention relates to the
herein described compositions, methods, and respective com-
ponent(s) thereof, as essential to the invention, yet open to the
inclusion of unspecified elements, essential or not (“compris-
ing). In some embodiments, other elements to be included in
the description of the composition, method or respective
component thereof are limited to those that do not materially
affect the basic and novel characteristic(s) of the invention
(“consisting essentially of”). This applies equally to steps
within a described method as well as compositions and com-
ponents therein. In other embodiments, the inventions, com-
positions, methods, and respective components thereof,
described herein are intended to be exclusive of any element
not deemed an essential element to the component, compo-
sition or method (“consisting of”).
[0114] All patents, patent applications, and publications
identified are expressly incorporated herein by reference for
the purpose of describing and disclosing, for example, the
methodologies described in such publications that might be
used in connection with the present invention. These publi-
cations are provided solely for their disclosure prior to the
filing date of the present application. Nothing in this regard
should be construed as an admission that the inventors are not
entitled to antedate such disclosure by virtue of prior inven-
tion or for any other reason. All statements as to the date or
representation as to the contents of these documents is based
on the information available to the applicants and does not
constitute any admission as to the correctness of the dates or
contents of these documents.

[0115] The present invention may be as defined in any one

of the following numbered paragraphs.

[0116] 1. A recombinant oncolytic virus comprising a
nucleic acid sequence encoding tumor necrosis factor-re-
lated apoptosis-inducing ligand (TRAIL) or a biologically
active fragment thereof, in expressible form.

[0117] 2. The recombinant oncolytic virus of paragraph 1,
wherein the oncolytic virus is an oncolytic herpes simplex
virus (oHSV).

[0118] 3. The recombinant oncolytic virus of paragraph 2,
wherein the oHSV is selected from the group consisting of
G207, G47A HSV-R3616, 1716, R3616, and R4009.

[0119] 4. The recombinant oncolytic virus of any one of
paragraphs 1-3, wherein the TRAIL is a secreted form of
TRAIL (S-TRAIL).

[0120] 5. The recombinant oncolytic virus of any one of
paragraphs 1-3, wherein the TRAIL is a TRAIL fusion
protein.

[0121] 6. The recombinant oncolytic virus of any one of
paragraphs 2-5, wherein the TRAIL is regulated by the
HSV immediate early 4/5 promoter.

[0122] 7. The recombinant oncolytic virus of any one of
paragraphs 1-6, wherein the virus contains an additional
exogenous nucleic acid in expressible form.
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[0123] 8. The recombinant oncolytic virus of any one of
paragraphs 1-6 wherein the virus contains no additional
exogenous nucleic acids.

[0124] 9. A nucleic acid comprising the genome of arecom-
binant oncolytic virus of any one of paragraphs 1-8.

[0125] 10. A host cell comprising an oncolytic virus of any
one of paragraphs 1-8 or the nucleic acid of paragraph 9.

[0126] 11. The nucleic acid of paragraph 9 that is selected
from the group consisting of a bacterial artificial chromo-
some (BAC), a P1-derived artificial chromosome (PAC), a
yeast artificial chromosome (YAC) and a human artificial
chromosome (HAC).

[0127] 12. A pharmaceutical composition comprising a
recombinant oncolytic virus of any one of paragraphs 1-8.

[0128] 13. A kit comprising the pharmaceutical composi-
tion of paragraph 12 and instructions for use.

[0129] 14. A method of inhibiting tumor progression in a
subject comprising contacting the tumor with an effective
amount of a recombinant oncolytic virus of any one of
paragraphs 1-8.

[0130] 15. The method of paragraph 14, wherein the tumor
is a brain tumor.

[0131] 16. The method of paragraph 15, wherein the brain
tumor is a glioma.

[0132] 17.The method of paragraph 14, wherein the tumor
is malignant.

[0133] 18. The method of paragraph 17, wherein the tumor
is selected from the group consisting of adenoma, angio-
sarcoma, astrocytoma, epithelial carcinoma, germinoma,
glioblastoma, glioma, hamartoma, hemangioendothe-
lioma, hemangiosarcoma, hematoma, hepato-blastoma,
leukemia, lymphoma, medulloblastoma, melanoma, neu-
roblastoma, osteosarcoma, retinoblastoma, rhabdomyosa-
rcoma, sarcoma, and teratoma. The tumor can be chosen
from acral lentiginous melanoma, actinic keratoses, adeno-
carcinoma, adenoid cycstic carcinoma, adenomas,
adenosarcoma, adenosquamous carcinoma, astrocytic
tumors, bartholin gland carcinoma, basal cell carcinoma,
bronchial gland carcinomas, capillary, carcinoids, carci-
noma, carcinosarcoma, cavernous, cholangio-carcinoma,
chondosarcoma, choriod plexus papilloma/carcinoma,
clear cell carcinoma, cystadenoma, endodermal sinus
tumor, endometrial hyperplasia, endometrial stromal sar-
coma, endometrioid adenocarcinoma, ependymal, epithe-
loid, Ewing’s sarcoma, fibrolamellar, focal nodular hyper-
plasia, gastrinoma, germ cell tumors, glioblastoma,
glucagonoma, hemangiblastomas, hemangioendothe-
lioma, hemangiomas, hepatic adenoma, hepatic adenoma-
tosis, hepatocellular carcinoma, insulinoma, intaepithelial
neoplasia, interepithelial squamous cell neoplasia, inva-
sive squamous cell carcinoma, large cell carcinoma, lei-
omyosarcoma, lentigo maligna melanomas, malignant
melanoma, malignant mesothelial tumors, medulloblas-
toma, medulloepithelioma, melanoma, meningeal,
mesothelial, metastatic carcinoma, mucoepidermoid car-
cinoma, neuroblastoma, neuroepithelial adenocarcinoma
nodular melanoma, oat cell carcinoma, oligodendroglial,
osteosarcoma, pancreatic, papillary serous adeno-carci-
noma, pineal cell, pituitary tumors, plasmacytoma,
pseudo-sarcoma, pulmonary blastoma, renal cell carci-
noma, retinoblastoma, rhabdomyosarcoma, sarcoma,
serous carcinoma, small cell carcinoma, soft tissue carci-
nomas, somatostatin-secreting tumor, squamous carci-
noma, squamous cell carcinoma, submesothelial, superfi-
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cial spreading melanoma, undifferentiated carcinoma,
uveal melanoma, verrucous carcinoma, vipoma, well dif-
ferentiated carcinoma, and Wilm’s tumor.

[0134] 19. The method of any one of paragraphs 14-18,
wherein contacting is by a method of administration to the
subject is by a method selected from the group consisting
of intravenous administration, intraperitoneal administra-
tion, intramuscular administration, intracoronary adminis-
tration, intraarterial administration, subcutaneous admin-
istration, transdermal delivery, intratracheal
administration, subcutaneous administration, intraarticu-
lar administration, intraventricular administration, inhala-
tion, intracerebral, nasal, oral, pulmonary administration,
impregnation of a catheter, and direct injection into a tissue
or tumor.

[0135] 20. A method of treating cancer in a subject com-
prising administering to the subject a therapeutically effec-
tive amount of the pharmaceutical composition of para-
graph 12, to thereby treat the cancer.

[0136] 21.The method of paragraph 20, wherein the cancer
is selected from the group consisting of basal cell carci-
noma, biliary tract cancer; bladder cancer; bone cancer;
brain and CNS cancer; breast cancer; cancer of the perito-
neum; cervical cancer; choriocarcinoma; colon and rectum
cancer; connective tissue cancer; cancer of the digestive
system; endometrial cancer; esophageal cancer; eye can-
cer; cancer of the head and neck; gastric cancer (including
gastrointestinal cancer); glioblastoma (GBM); hepatic car-
cinoma; hepatoma; intra-epithelial neoplasm; kidney or
renal cancer; larynx cancer; leukemia; liver cancer; lung
cancer (e.g., small-cell lung cancer, non-small cell lung
cancer, adenocarcinoma of the lung, and squamous carci-
noma of the lung); lymphoma including Hodgkin’s and
non-Hodgkin’s lymphoma; melanoma; myeloma; neuro-
blastoma; oral cavity cancer (e.g., lip, tongue, mouth, and
pharynx); ovarian cancer; pancreatic cancer; prostate can-
cer; retinoblastoma; rhabdomyo sarcoma; rectal cancer;
cancer of the respiratory system; salivary gland carcinoma;
sarcoma; skin cancer; squamous cell cancer; stomach can-
cer; testicular cancer; thyroid cancer; uterine or endome-
trial cancer; cancer of the urinary system; vulval cancer; as
well as other carcinomas and sarcomas; as well as B-cell
lymphoma (including low grade/follicular non-Hodgkin’s
lymphoma (NHL); small lymphocytic (SL) NHL; interme-
diate grade/follicular NHL; intermediate grade diffuse
NHL; high grade immunoblastic NHL; high grade lym-
phoblastic NHL; high grade small non-cleaved cell NHL;
bulky disease NHL; mantle cell lymphoma; AIDS-related
lymphoma; and Waldenstrom’s Macroglobulinemia;
chronic lymphocytic leukemia (CLL); acute lymphoblastic
leukemia (ALL); Hairy cell leukemia; chronic myeloblas-
tic leukemia; and post-transplant lymphoproliferative dis-
order (PTLD), as well as abnormal vascular proliferation
associated with phakomatoses, edema, and Meigs’ syn-
drome.

[0137] 22. The method of any one of paragraphs 20-21,
wherein the cancer is brain cancer.

[0138] 23. The method of paragraph 22, wherein the brain
cancer is glioma or glioblastoma.

[0139] 24. The method of any one of paragraphs 20-23,
wherein administration is by a method selected from the
group consisting of intravenous administration, intraperi-
toneal administration, intramuscular administration, intra-
coronary administration, intraarterial administration, sub-
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cutaneous  administration,  transdermal  delivery,
intratracheal administration, subcutaneous administration,
intraarticular administration, intraventricular administra-
tion, inhalation, intracerebral, nasal, oral, pulmonary
administration, impregnation of a catheter, and direct
injection into a tissue or tumor.

[0140] The invention is further illustrated by the following

examples, which should not be construed as further limiting.

Examples

[0141] In this study, a panel of established and patient
derived primary GBM stem cell lines were screened for their
sensitivity to a recombinant version of G47A (referred to
herein as oHSV) and TRAIL. In an effort to develop anti-
GBM therapies that target a broad spectrum of GBMs that are
either resistant to TRAIL-mediated apoptosis or resistant to
both oHSV-mediated oncolysis and TRAIL, oHSV-bearing
secretable-TRAIL (oHSV-TRAIL) was engineered and a
mechanism-based therapeutic approach to target resistant
GBMs in vitro and in malignant and invasive GBM models in
mice was extensively studied.

Results

[0142] Screening of different GBM lines reveals differen-
tial sensitivities to oHSV mediated oncolysis and S-TRAIL-
mediated apoptosis. We screened a cohort of both established
GBM cell lines (G136, U87, U251, and LN229) and primary
glioma stem cell (GSC) lines obtained from surgical speci-
mens (GBM4, GBM6, BT74, and GBMSF) for their sensitiv-
ity to purified S-TRAIL- or oHSV-mediated cell death. While
three established lines had varying sensitivity to TRAIL-
induced apoptosis-mediated by caspase-3 and -7, one estab-
lished line (LLN229) was fully resistant to TRAIL-mediated
apoptosis. Among the primary GSC, GBMB8F was fully resis-
tant to TRAIL whereas other GSC lines had varying sensitiv-
ity to TRAIL-induced apoptosis. Next, we evaluated the sen-
sitivity of established GBM lines and GSC lines to oHSV
(G47A empty) mediated oncolysis. Among the established
lines, TRAIL resistant LN229 line was also resistant to
oHSV-mediated oncolysis whereas all the GSC lines were
sensitive to oHSV-mediated oncolysis. The amounts of virus
released by the oHS V-infected cells greatly varied among the
GBM cell lines tested, and did not necessarily correspond to
the sensitivity to oHSV-mediated oncolysis. These results
reveal the identification of GBM lines that are either resistant
to TRAIL-mediated apoptosis (LN229, GBMSF) or resistant
to both oHSV-mediated oncolysis and TRAIL (ILN229).
Based on these results, we used LN229 and GBM8F GSC for
further therapeutic evaluation (FIG. 1a).

[0143] To evaluate oHSV replication and spread in oHSV
and TRAIL resistant GBM cells and corresponding changes
in cell viability, LN229 and GBMSF cells engineered to
express Renilla luciferase (Rluc)-mCherry (LN229-RmC,
GBMS8F-RmC) were infected with oHSV-bearing firefly
Iuciferase (oHSV-Fluc, FIG. 8), and monitored by in vitro and
in vivo dual bioluminescence imaging. In vitro, oHSV-Fluc
replicates in both LN229 and GBMBSF cells as indicated by
firefly luciferase (Fluc) expression, but oHSV replication was
more robust and peaked earlier in GBMSF cells than LN229
cells (FIG. 1B and FIG. 9). Accordingly, while oHSV killed
GBMSF cells efficiently (indicated by Rluc expression),
L.N229 cells exhibited apparent resistance to the killing effect
by oHSV (FIG. 1C). In vivo monitoring of virus infection
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demonstrated the ability of intratumorally injected oHSV-
Fluc to replicate in intracerebral tumors generated with these
GBM cells, and revealed patterns of virus replication similar
to the ones observed in vitro (FIGS. 1B and D). These data
reveal that although oHSV replicates in both oHSV resistant
and sensitive lines but results in killing only the sensitive
GBMSEF line and suggest that GBMs might be heterogeneous
in the responses to oHSV.

Combination of oHSV and S-TRAIL Leads to Apoptosis in
TRAIL Resistant GBM Cells In Vitro

[0144] In order to evaluate the therapeutic potential of
oHSV and S-TRAIL in resistant GBMs, established LN229
GBM cells and primary GBMS8F (TRAIL resistant) GBM
cells were infected with oHSV and treated with purified
S-TRAIL 6 hours post-infection. oHSV infection and subse-
quent S-TRAIL treatment resulted in significant decrease in
viability of LN229 and GBMBSEF cells in culture, which was
associated with increased caspase-3/7 activation (FIG.
2A-D). A significantly impaired activation of caspase-3/7
activity was observed when LN229 and GBMSF cells were
infected with oHSV and treated with S-TRAIL in the pres-
ence of pan-caspase inhibitor, Z-VAD-FMK (FIG. 2A, B).
This resulted in complete reversal of both LN229 and
GBMBSF cell death in oHSV-infected and S-TRAIL-treated
cells (FIG. 2C-D). Western blotting revealed that cleavage of
poly-ADP ribose polymerase (PARP), one of the main down-
stream targets of caspase-3, was undetectable by either
S-TRAIL or oHSV treatment in both LN229 and GBMS&F
cells, indicating that oHSV-mediated cell death is primarily
notdependent on caspase/PARP activation, However, cleaved
PARP was increased in cells treated with combined oHSV
and S-TRAIL (FIG. 2E, F). A significant reduction in PARP
cleavage was observed when LN229 and GBMSF cells were
infected with oHSV and treated with S-TRAIL in the pres-
ence of pan-caspase inhibitor, Z-VAD-FMK (FIG. 2E, F).
These results revealed that oHSV and TRAIL combination
leads to caspase-mediated apoptosis in TRAIL resistant and
both TRAIL and oHSV resistant GBM cells.

oHSV-TRAIL Targets Both Cell Proliferation and Death
Pathways in Resistant GBM Cells

[0145] In order to target both TRAIL resistant and oHSV
resistant cell lines, we engineered an oHSV-bearing
S-TRAIL (oHSV-TRAIL) using a BAC containing the back-
bone structure of G47A, G47A-BAC*-2%%7 (FIG. 8). The
replicating ability of oHSV-TRAIL was similar to that of
oHSYV as revealed by the virus yield quantified using plaque
assay on Vero cells (FIG. 10A). The secretion of TRAIL in
oHSV-TRAIL infected LN229 GBM cells was confirmed by
ELISA (FIG. 10B). To evaluate the effect of oHSV-TRAIL,
LN229-RmC cells and GBM8F-RmC cells were infected
with oHSV or oHSV-TRAIL at multiplicity of infection
(MOI)=1 for 24, 48, 72, and 96 hours. The changes in cell
viability (Rluc activity) revealed that oHSV-TRAIL infection
resulted in significantly more potent cell killing in both
LN229 and GBMSF cells as compared to oHSV infection
(FIGS. 3A and B and FIG. 10C, D). Annexin V staining
analysis revealed that the number of apoptotic cells (Annexin
V positive, propidium iodide negative) was considerably
increased in both LN229 and GBMSF cell populations post-
oHSV-TRAIL infection (FIG. 10E). oHSV-TRAIL also
resulted in significantly greater killing in oHSV and TRAIL
sensitive human G1i36 GBM line as compared to oHSV
infection (FIG. 11). Western blot analysis of oHSV-TRAIL-
infected LN229 and GBMBSF cell lysates showed cleavage of
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caspases-8, -9 and PARP and no significant difference was
observed in Bcl2 expression (FIG. 3C) and death receptor
(DR)4/5 expression (FIG. 12). These results reveal that
oHSV-TRAIL infection induces caspase-mediated apoptosis
in both TRAIL resistant LN229 and GBMSF glioma lines.

[0146] We next examined the mechanism of oHSV-TRAIL
induced apoptosis in resistant GBM cells. As such, we
assessed the activation of molecules involved in the cell pro-
liferation pathways, mitogen-activated protein kinases
(MAPKSs) including extracellular signal-regulated protein
kinase 1 and 2 (ERK 1/2), c-Jun N-terminal kinase (JNK) and
p38 in both [LN229 and GBMSF. A significantly impaired
activation of ERK 1/2 was observed in LN229 cells infected
with oHSV, which was further impaired by oHSV-TRAIL
(FIG. 3C). There was a complete shutdown of ERK 1/2 phos-
phorylation in both oHSV and oHSV-TRAIL infected
GBMSEF cells. INK and p38 were activated in LN229 and
GBMBSEF cells after oHSV and oHSV-TRAIL infection.

[0147] We next sought to determine the significance of the
INK/ERK MAP kinase signaling alterations in oHSV-
TRAIL-mediated cytotoxicity of both TRAIL and oHSV
resistant GBM cells. To examine the role of INK upregula-
tion, we treated resistant GBM cells with JNK inhibitor,
SP600125. LN229 were infected with oHSV or oHSV-
TRAIL in the absence and presence of SP600125. Western
blotting analysis showed SP600125 treatment resulted in the
inhibition of JNK phosphorylation in oHSV and oHSV-
TRAIL-infected cells and also a significant reduction in the
cleavage of PARP in oHSV-TRAIL-infected cells (FIG. 4A).
Caspase-3/7 activity assays showed a significant decrease in
the caspase-3/7 activation in oHSV-TRAIL-infected cells in
the presence of SP600125 as compared to the infected cells in
the absence of SP600125 (FIG. 4B). We also investigated
whether inhibition of ERK1/2 with MEK-ERK inhibitor,
U0126, could mimic oHSV-mediated inhibition of ERK1/2
and sensitize TRAIL resistant GBM cells to TRAIL-induced
apoptosis. Western blotting analysis showed that U0126 treat-
ment of [LN229 cells inhibited ERK phosphorylation and
subsequent addition of purified S-TRAIL markedly increased
PARP cleavage (FIG. 4C). Combined treatment with U0126
and S-TRAIL decreased cell viability in resistant L.N229
GBM cells compared with single treatment (FIG. 4D). These
results thus suggest that oHSV-mediated downregulation of
the ERK-MAPK and upregulation of JNK signaling may
contribute to apoptotic cell death in oHSV-TRAIL-infected
resistant GBM cells.

oHSV-TRAIL Inhibits GBM Growth and Invasion In Vivo
and Prolongs Survival of Mice Bearing Both TRAIL and
oHSV Resistant GBM

[0148] We assessed the therapeutic efficacy of oHSV-
TRAIL in intracranial GBMs, using LN229 and GBMS&F
glioma lines which were engineered to express Fluc-mCherry
(LN229-FmC, GBMS8F-FmC). Mice bearing established
intracranial LN229-FmC GBMs were administered intratu-
morally with oHSV, oHSV-TRAIL, or phosphate-buffered
saline (PBS) and followed for changes in tumor volumes by
Fluc imaging. As expected, oHSV injection had no impact on
both tumor burden (FIG. 13A) and survival (FIG. 5A, PBS:
50.5 days, oHSV: 49 days) in this resistant GBM model. In
contrast, oHSV-TRAIL injection resulted in significant
decrease in tumor volumes compared to both control (PBS)
and oHSV treated mice (FIG. 13A) and prolonged survival of
mice-bearing intracranial GBMs (FIG. 5A). The median sur-
vival of oHSV-TRAIL -treated mice was 69 days, which was
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significantly longer than PBS- and oHSV-treated mice (FIG.
5A; P=0.038 oHSV and oHSV-TRAIL comparison, log-rank
test). X-gal staining of the brain sections collected 48 hours
post oHSV or oHSV-TRAIL injection showed an extensive
distribution of reporter P-galactosidase positivity, which
overlapped with the tumor area, suggesting that the spread of
virus infection was comparable between oHSV and oHSV-
TRAIL (FIG. 5B). Immunohistochemical analysis and con-
focal microscopy showed significantly increased cleaved
caspase-3 staining in sections from oHSV-TRAIL-treated
tumors as compared to oHSV and PBS treated tumors. Fur-
thermore, no cleaved caspase-3 staining was seen in normal
brain cells in all treated groups revealing the tumor specificity
of oHSV-TRAIL treatment (FIG. 5C, D).

[0149] To examine the effect on GBM cell invasion, we
used matrigel-coated assays in vitro and intracranial mouse
GBM model using invasive GBMS8F as opposed to LN229
GBM line which is a noninvasive line (FIG. 14). oHSV and
oHSV-TRAIL treatment reduced the number of GBMSF cells
that had invaded in matrigel-coated invasion assay, with
oHSV-TRAIL having a stronger inhibitory effect than oHSV
(FIG. 6A). In vivo, both oHSV and oHSV-TRAIL injection
into intracranial GBMSF tumors reduced the number of
invading GBMSF cells as compared to the control, with
oHSV-TRAIL having a stronger inhibitory effect than oHSV
(FIG. 6B). These results demonstrate that oHSV-TRAIL
induces apoptosis in TRAIL and oHSV resistant intracranial
GBM, inhibits GBM growth and invasiveness and signifi-
cantly increases survival in mice.

Discussion

[0150] Inthis study, we identified GBM lines that are either
resistant to TRAIL mediated apoptosis or resistant to both
oHSV-mediated oncolysis and TRAIL, and created a novel
oHSV-bearing secretable-TRAIL (oHSV-TRAIL) to study
the mechanism-based targeted therapy in resistant GBM lines
in vitro and in vivo. We show that oHSV-TRAIL induces
apoptosis in TRAIL and oHSV resistant GBMs by targeting
both cell proliferation and death pathways. Furthermore,
oHSV-TRAIL inhibits GBM growth and invasion and pro-
longs survival of mice-bearing intracranial brain tumors.

[0151] GBMs are molecularly heterogeneous tumors usu-
ally containing a subset of tumor cells that are resistant to a
number of currently used anti-GBM therapies." These cells
rapidly take over and ultimately result in tumor progression.
oHSYV as a single agent has been tested in preclinical studies
and shown to result in oncolysis in most GBM cells including
GBM stem cells.!*-**° However, while phase I clinical trials
using intracranial oHSV inoculation demonstrated safety in
GBM patients, they showed only partial radiologic responses.
9:30:31 Thege results suggest that GBMs might be heteroge-
neous in the responses to oHSV and contain a subset of cells
resistant to oHSV-mediated oncolysis. In this study, we
screened a panel of eight GBM cell lines that covers estab-
lished GBM cell lines and patient derived primary GSCs. We
found that GBM cells have differential sensitivities to oHSV-
mediated oncolysis as well as TRAIL-mediated apoptosis. To
our knowledge, this is the first study which identifies GBM
lines resistant to oHSV. Interestingly, our screening indicated
that the yields of oHSV do not always parallel the efficiency
of oHSV-mediated cell killing, implicating a presence of cell
death mode other than oncolysis that affects oHSV efficacy.
[0152] A number of previous studies by others and our
laboratory have shown that dual bioluminescence imaging of
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tumor cells and therapeutics enables rapid and noninvasive
measurement of both tumor load and fate of therapeutics in
vitro and in mice-bearing intracranial tumors.'®-123233:3%
Utilizing oHSV-Flue, GBM cells expressing Rluc and dual
bioluminescence imaging, our studies reveal that two distinct
biological events, oHSV replication and its effects on cell
viability can be monitored. Our results indicate that oHSV
can replicate in a GBM line which is resistant to oHSV, even
though the viral replication and spread is greatly decreased
and slow when compared to the GBM lines which are sensi-
tive to oHSV. The ability of oHSV to replicate in GBM lines
resistant to oHSV provides a great rationale of using oHSV to
deliver cytotoxic agents like TRAIL and studying both the
molecular mechanism and therapeutic effect of oHSV and
TRAIL treatments in GBMs that are resistant to oHSV-me-
diated oncolysis and TRAIL-mediated apoptosis.

[0153] Various strategies have been employed to overcome
resistance of tumor cells to different drug regimens. The
ability of TRAIL to selectively target tumor cells while
remaining harmless to most normal cells makes it an attrac-
tive candidate for an apoptotic therapy for highly malignant
brain tumors. However, a large percentage of primary GBM
lines are resistant to TRAIL-induced apoptosis.>*> Qur results
reveal that oHSV infection and subsequent S-TRAIL treat-
ment results in a caspase-3/7-mediated cell killing in a line
that is resistant to both oHSV and TRAIL. Although TRAIL
is a potent tumor-specific agent, its short biological half-life
and limited delivery across the blood-brain barrier limit its
applicability in treating brain tumors when delivered systemi-
cally. oHSV can replicate in situ, spread and exhibit oncolytic
activity via a direct cytocidal effect, and at the same time can
deliver substantial quantities of therapeutic molecules in situ.
As compared to the other oncolytic viruses, the capacity to
incorporate large transgenes into its genome is one of the
advantages of HSV-1.>° The intratumoral delivery of oHSV-
TRAIL can overcome the limitations posed by systemic
administration of TRAIL as it remedies the short half-life of
drugs, the use of multiple drug regimens to target resistant
GBMs, in addition to circumventing the restrictions posed by
the blood-brain barrier to deliver drugs to brain.

[0154] HSV like other viruses have genes such as Us3 and
Rs1 (ICP4) whose products have an anti-apoptotic function.
3738 These genes appear to facilitate HSV replication by
preventing premature cell death. Therefore, it is possible that
combining proapoptotic molecule with oHSV dampens viral
replication and reduces oHSV potency. Our data, however,
showed that replication of oHSV and oHSV-TRAIL in
glioma cells is comparable (FIG. 10A), indicating that
expression of TRAIL does not suppress viral replication. We
show that oHSV-TRAIL downregulates ERK phosphoryla-
tion, upregulates p38 and JNK phosphorylation and induces
cleavage of caspases in two GBM cell lines either TRAIL or
TRAIL and oHSV resistant. Downregulation of ERK phos-
phorylation and upregulation of P38 and JNK phosphoryla-
tion have been previously reported following infection with
HSV-1.324° ERK1/2, members of the MAPK super family,
can mediate cell proliferation and apoptosis** while activa-
tion of ERK is primarily associated with promoting cellular
proliferation. Activation of cell proliferation signals that
block apoptosis is associated with tumorigenesis and resis-
tance to chemotherapeutic drugs.** Activation of ERK is
reported to prevent Fas-induced apoptosis in activated T
cells*® and inhibit activation of caspases despite the release of
cytochrome ¢ from mitochondria.****9 In contrast to ERK,
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the INK and p38-MAPK signaling is activated by proinflam-
matory cytokines and a variety of cellular stresses, and is
typically linked to differentiation and apoptosis. Xia et al.
reported that activation of JNK and p38 and concurrent inhi-
bition of ERK are critical for induction of apoptosis.*” We
show that: (i) the inhibition of JNK activation suppresses
oHSV-TRAIL -mediated activation of caspase pathway, and
(i1) a small-molecule inhibitor of MEK/ERK sensitizes resis-
tant cells to TRAIL-mediated apoptosis. Therefore, our
results suggest that oHSV-mediated downregulation of the
ERK signaling and upregulation of the INK and p38 signaling
play a vital role in priming resistant cells so that S-TRAIL
expressed in oHSV-TRAIL infected GBM cells promotes
activation of caspase-3, -8, and -9, leading to apoptotic cell
death (FIG. 7). Our studies thus underscore targeting both cell
proliferation and death pathways as a crucial mechanism
underlying oHSV-TRAIL-mediated robust induction of apo-
ptosis in resistant GBMs.

[0155] Ourinvivo studies reveal that oHSV-TRAIL results
in marked attenuation of intracranial tumor growth and sur-
vival prolongation in mice-bearing TRAIL and oHSV resis-
tant GBM. This makes a clear contrast to the lack of long-
lasting antitumor efficacy mediated by an oncolytic
adenovirus-expressing TRAIL.*® Although established GBM
lines are the most commonly used models in vitro and in vivo,
they fail to recapitulate the clinical properties of tumors.
Given this limitation of GBM lines as a representative GBM
model, recent studies have focused on primary GBM lines
and indicated a role for tumor-initiating cells in these lines. In
an effort to test the effect of cHSV-TRAIL in such models, we
used GBMSF primary GBM line that contains a subpopula-
tion of CD133* cells'? and exhibits highly invasive behavior
in vivo. Our in vitro studies showed that despite resistance to
TRAIL, oHSV-TRAIL is significantly more effective in kill-
ing and inhibiting invasiveness of GBMSF cells than oHSV.
Furthermore, the number of invading cells in vivo was
strongly reduced by a single inoculation of oHSV-TRAIL
into GBMB8F-generated tumors. This suggests that the oHSV
spread in migrating tumor cells combined with in situ release
of S-TRAIL can cooperate to block invasiveness of these
cells. Future studies will need to address whether this is solely
due to oHSV-TRAIL-mediated increased cell death or its
additional but unknown functions that inhibit cellular migra-
tory or invasive machineries.

[0156] In conclusion, our findings shed a new light on tar-
geting oHSV and TRAIL resistant GBMs and pave the way
for how oHSV and TRAIL can function in concert to target
both cell proliferation and death pathways in heterogeneous
GBM cells. A recent promising report on oncolytic virus
targeting of metastatic cancer cells of multiple cancer types in
humans highlighted the feasibility of achieving high concen-
trations of anticancer molecules in situ in the context of
oncolytic virus therapy.® Therefore, this study may provide
the key to ultimately develop novel oHSV-based therapies for
patients with different tumors presenting different molecular
profiles.

Materials and Methods

[0157] Parental and Engineered Cell Lines.

[0158] Established human GBM lines (G1i36, U87, U251,
and LN229) and GBMSF were grown in Dulbecco’s modified
Eagle’s medium supplemented with 10% fetal bovine serum
and penicillin/streptomycin. GBM stem cells (GBM4,
GBMS6, and BT74) were cultured in Neurobasal medium
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(Invitrogen, Carlsbad, Calif.) supplemented with 3 mmol/l
L-glutamine (Mediatech, Manassas, Va.), B27 (Invitrogen,
Carlsbad, Calif.), 2 ug/ml heparin (Sigma-Aldrich, St Louis,
Minn.), 20 ng/ml human EGF (R&D Systems, Minneapolis,
Minn.), and 20 ng/ml human FGF-2 (Peprotech, Rocky Hills,
N.I.) as described previously.'? Two lentiviral vectors were
used: (i) Pico2-Fluc-mCherry, a kind gift from Dr Andrew
Kung (Dana Farber Cancer Institute; Boston, Mass.), (ii)
Pico2-Rluc-mCherry, which is created by ligating Rluc frag-
ment (the cDNA sequences encoding Rluc were amplified by
PCR) into BamH1/BstBl-digested Pico2-Fluc-mcherry.
Lentiviral packaging was performed by transfection of 293T
cells as previously described.®® LN229 and GBMS8F were
transduced with L[V-Pico2-Fluc-mCherry and L[V-Pico2-
Rluc-mCherry at a MOI of 2 in medium-containing prota-
mine sulfate (2 ng/ml) and LN229-Fluc-mCherry (LN229-
FmC); GBMS8-Fluc-mCherry (GBMS8-FmC) LN229-Rluc-
mCherry (LN229-RmC); GBMS8-Rluc-mCherry (GBMS-
FmC) lines were obtained after puromycin (1 ug/ml)
selection in culture.

[0159] Recombinant oHSVs and Viral Growth Assay.

[0160] G47A BAC contains the genome of G47A (y34.57,
ICP67, ICP477) and a cytomegalovirus promoter driven
enhanced green fluorescent protein (EGFP) in place of lacZ in
G47A."7 Recombinant oHSV vectors, G47A-empty (oHSV;
referred to oHSV in this study), G47A-TRAIL (oHSV-
TRAIL), and G47A-Fluc (oHSV-Fluc), were generated using
the methods described previously.?>*%27°° Briefly, the
respective shuttle plasmids were integrated into G47A BAC
using Cre-mediated recombination in DH10B Escherichia
coli, and proper recombination confirmed by restriction
analysis of BAC clones. Next, the resulting BAC and an
Flpe-expressing plasmid were cotransfected to Vero cells, to
remove the BAC-derived sequences and the EGFP gene, and
allow virus to be produced. Each recombinant virus was
plaque purified and expanded. All the recombinant oHSVs,
oHSV, oHSV-TRAIL, and oHSV-Fluc, express E. coli lacZ
driven by endogenous ICP6 promoter (FIG. 8A). oHSV bears
no additional transgene sequences, and oHSV-TRAIL carries
S-TRAIL driven by herpes simplex virus immediate early 4/5
promoter. Cytomegalovirus immediate early promoter was
used to express Fluc-by oHSV-Fluc. For the viral growth
assay, cells plated on 96-well plates were infected with oHSV
at MOI=1. After virus adsorption, media was replaced and
culture continued. Forty eight hours after infection, culture
supernatant was harvested. Titers of infectious virus were
determined by plaque assay on Vero cells (American Type
Culture Collection, Manassas, Va.). The concentrations of
TRAIL in conditioned media of GBM cells infected with
oHSV-TRAIL at various MOIs were determined by ELISA
using a TRAIL Immunoassay Kit (Biosource International,
Camarillo, Calif.) using recombinant hTRAIL expressed in
E. coli as a standard.

[0161] In Vitro Bioluminescence Assays.

[0162] To determine the effects of S-TRAIL, oHSV, and
oHSV-TRAIL on GBM viability and caspase activation,
GBM cells were seeded on 96-well plates (0.5x10%*well) and
treated with different doses S-TRAIL (0-1,000 ng/ml) or
different MOIs of oHSV or oHSV-TRAIL 24 hours after
plating. Cell viability was measured by determining the
aggregate cell metabolic activity using an ATP-dependent
luminescent reagent (CellTiter-Glo; Promega, Madison,
Wis.) and caspase activity was determined using a DEVD-
aminoluciferin (Caspase-Glo-3/7, Promega) according to
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manufacturer’s instructions. For dual-luciferase imaging of
GBM cell viability and oHSV-Fluc distribution in the cells,
Fluc and Rluc activity were measured in LN229-RmC and
GBMS8F-RmC cells by Dual-Glo luciferase assay system
(Promega) according to manufacturer’s instructions. All
experiments were performed in triplicates.

[0163] Detection of Apoptosis by Flow Cytometry Using
Annexin V Staining.

[0164] After a 24 hours treatment with oHSV, oHSV-
TRAIL, or PBS (control), cells were stained with FITC-
conjugated annexin V (Invitrogen) and propidium iodide (2
pg/ml) in accordance with the manufacturer’s instructions.
Cells were subjected to FACS analysis with a FACSCaliber
(Becton Dickinson, Franklin Lakes, N.J.). Data acquisition
and analysis were performed by CellQuest program (Becton
Dickinson).

[0165] Western Blot Analysis.

[0166] Following treatment, GBM cells were lysed with
NP40 buffer supplemented with protease (Roche, Indianapo-
lis, Ind.) and phosphatase inhibitors (Sigma-Aldrich). Twenty
micrograms of harvested proteins from each lysate were
resolved on 10% SDS-PAGE, and immunoblotted with anti-
bodies against caspase-8 (Cell Signaling), cleaved PARP
(Cell Signaling, Danvers, Mass.), p-44/42MAPK (ERK 1/2)
(Cell Signaling), phospho-p44/42MAPK (ERK 1/2)
(Thr202,Thr204) (Cell Signaling), SAPK/INK (Cell Signal-
ing), phospho-SAPK/INK (Thr183/Thr185) (Cell Signal-
ing), p38-MAPK (Cell Signaling), phospho-p38 MAPK
(Cell Signaling), caspase-9 (Stressgen, Pharmingdale, N.Y.),
Bcel2 (Abcam, Cambridge, Mass.) or a-tubulin (Sigma-Ald-
rich); and blots were developed by chemiluminescence after
incubation with horseradish peroxidase-conjugated second-
ary antibodies (Santa Cruz, Santa Cruz, Calif.). Blots were
then exposed to film (3 seconds to 5 minutes) and quantifica-
tion of western blot signals was performed using Image J. The
data was normalized to a-tubulin expression. For inhibition
studies, pan-caspase inhibitor, Z-VAD-FMK (Promega) INK
inhibitor SP600125 (Sigma-Aldrich), and the MEK inhibitor,
U0126, (Promega Corporation) were used.

[0167] Intracranial GBM Cell Implantation and In Vivo
Bioluminescence Imaging.

[0168] To follow viral distribution in intracranial GBMs,
LN229-RmC, and GBMSF-RmC GBM (5x10° cells per
mouse; n=3 each GBM line) were stereotactically implanted
into the brains (right striatum, 2.5-mm lateral from bregma
and 2.5-mm deep) of SCID mice (6 weeks of age; Charles
River Laboratories, Wilmington, Mass.). Five days later,
mice-bearing intracranial GBMs were injected with oHSV-
Fluc (6 ul of 2.0x10® plaque-forming unit/nil) intratumorally
at the same coordinate as the tumor implantation, and viral
distribution was followed by Fluc bioluminescence imaging
over time as described previously.>® To follow changes in
tumor volume and mice survival after treatment, LN229-FmC
GBM cells (5x10° per mouse; n=31) were stereotactically
implanted into the brains (right striatum, 2.5-mm lateral from
bregma and 2.5-mm deep) of SCID mice (6 weeks of age).
Mice were imaged for the presence of tumors by Fluc biolu-
minescence imaging and mice-bearing tumors were injected
with 6 ul of 2.0x10® plaque-forming unit/ml of cHSV (n=10),
oHSV-TRAIL (n=10), or PBS (n=11) intratumorally. Two
days post-treatment, mice (n=3 in each group) were sacrificed
for immunohistochemical analysis as described below. Four-
teen days post-treatment, mice were again injected intratu-
morally with oHSV, oHSV-TRAIL, or PBS as described
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above. Mice were imaged for Fluc bioluminescence imaging
and followed for survival and sacrificed when neurological
symptoms became apparent. All in vivo procedures were
approved by the Subcommittee on Research Animal Care at
MGH.

[0169] Tissue Processing and Immunohistochemistry.
[0170] Mice were perfused by pumping ice-cold 4%
paraformaldehyde directly into the heart and the brains were
fixed in 4% paraformaldehyde and frozen sections were
obtained for hematoxylin and eosin staining and immunohis-
tochemistry. 5-Bromo-4-choloro-3-indolyl-f-D-galactopy-
ranoside (X-gal) staining was performed to identify lacZ-
expressing infected cells. For cleaved-caspase-3 staining,
sections were incubated for 1 hour in a blocking solution
(0.3% bovine serum albumin, 8% goat serum, and 0.3% Tri-
ton-X100) at room temperature, followed by incubation at 4°
C. overnight with anti-cleaved-caspase-3 (Cell Signaling)
diluted in blocking solution. Sections were incubated in
Alexa Fluor 649 goat anti-rabbit secondary antibody (Invit-
rogen), and visualized using confocal microscope (LSM Pas-
cal; Zeiss, Oberkochen, Germany). The percentage of cleaved
caspase-3 positive cells was calculated by counting the posi-
tive cells in randomly selected field of views under a micro-
scope.

[0171] In Vitro Invasion Assay.

[0172] The invasive capacity of GBMSF cells was tested
using two chamber in vitro invasion assays (BD BioCoat
Matrigel Invasion Chambers). GBMSF cells were seeded in
the matrigel-coated upper chamber, infected with oHSV and
oHSV-TRAIL at MOI=1 and 24 hours later the noninvading
cells were removed from the upper surface of the invasion
membrane and the cells on the lower surface were stained
with Diff-Quick staining kit IMEB Inc, San Marco, Calif.).
The average number of cells/field was determined by count-
ing the cells in 8 random fields/well in x10 images of each
well captured.

[0173] In Vivo Invasion Study.

[0174] GBMSF-FmC GBM cells (3x10° per mouse; n=9)
were stereotactically implanted into the brain (right striatum,
2.5-mm lateral from bregma and 2.5-mm deep) of SCID mice
(6 weeks of age; Charles River Laboratories). Tumor-bearing
mice were intratumorally injected with oHSV, oHSV-TRAIL,,
or PBS (n=3, each group) and 14 days post injection, mice
were perfused and brains were removed and sectioned for
hematoxylin and eosin staining and mCherry visualization.
Brain sections on slides were visualized for mCherry expres-
sion and the number of GBMSF tumor invading toward adja-
cent normal brain tissue was counted and compared in difter-
ent mice groups.

[0175] Statistical Analysis.

[0176] Data were analyzed by Student t-test when compar-
ing two groups. Data were expressed as mean+SD and differ-
ences were considered significant at P<0.05. Kaplan-Meier
analysis was used for mouse survival studies, and the groups
were compared using the log-rank test.
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We claim:

1. A recombinant oncolytic virus comprising a nucleic acid
sequence encoding tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL) or a biologically active fragment
thereof, in expressible form.
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