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ATTENTUATED HERPESVIRUS ENCODING
A MEK PATHWAY POLYPEPTIDE

GOVERNMENT INTEREST

[0001] This invention was made with U.S. government sup-
port under grant no. CA7193307-07 awarded by the National
Institutes of Health. The U.S. government has certain rights in
the invention.

BACKGROUND

[0002] In the general field of human health and animal
welfare, a variety of diseases, disorders, and conditions have
largely eluded the best efforts at prevention or treatment.
Chief among such maladies is the loss of cell-cycle control
that frequently results in the undesirable cell proliferation
characteristic of cancer in its many forms. Malignant glio-
mas, for example, are devastating brain tumors that afflict
animals such as humans. The average life span after diagnosis
is less than one year and few patients have been reported to
survive five years. Furthermore, none of the conventional
anti-cancer therapies has been successful in significantly pro-
longing the lifespan of patients with this disease. Many of the
more devastating forms of cancer, such as malignant gliomas
and metastasized forms of a variety of cancers, are inoper-
able, further reducing the likelihood of receiving effective
treatment with conventional therapies.

[0003] One approach to the development of new and effec-
tive anti-cancer therapies has been directed at engineered
viral therapeutics. Chief among the viruses being explored for
use as oncolytic agents are genetically engineered forms of
herpes simplex viruses (HSV). Because wild-type viruses are
highly virulent, the viruses used in preclinical evaluations and
in phase-1 clinical studies have been thoroughly attenuated.
While several deletion mutants have been tested, the mutants
that reached clinical trials lacked a functional y,34.5 gene
encoding infected cell protein 34.5 (ICP34.5).

[0004] In principle, use of an avirulent mutant of herpes
simplex viruses 1 (HSV-1) to destroy cancer cells in situ, e.g.,
in inoperable human tumors, is a sound approach to treating
such disease conditions. As noted above, the most promising
HSV candidate is an HSV mutant lacking a functional y,34.5
gene. The product of the y,34.5 gene of HSV, ICP34.5, is a
multifunctional protein that blocks a major host response to
infection. In brief, after the onset of viral DNA synthesis,
infected cells accumulate large amounts of complementary
viral RNA transcripts. The consequence of this accumulation
is the activation of double-stranded RNA-dependent protein
kinase R (PKR). In infected cells, activated PKR phosphory-
lates the o subunit of the eukaryotic translation initiation
factor 2 (elF-2a), resulting in loss of protein synthesis. In the
case of HSV-1, ICP34.5 acts as a phosphatase accessory
factor to recruit protein phosphatase 1o to dephosphorylate
elF-2a. As a consequence, protein synthesis continues unim-
peded. Mutants derived from Ay,34.5 viruses lack the capac-
ity to counteract PKR-induced loss of protein synthesis and
cell apoptosis. Another significant property of y,34.5 mutant
HSYV is that they are highly attenuated in animal model sys-
tems and phase I clinical studies have demonstrated that
Ay,34.5 mutants can be administered safely at escalating
doses in patients with malignancy. A major impediment to the
widespread use of these mutants for cancer therapy is the
observation that in animal model systems, human tumor cells
differ widely with respect to their ability to support the rep-
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lication of y,134.5 mutant HSV. In cancer cells that do sup-
port replication of y,34.5-deficient HSV, these viral con-
structs exhibit lytic cytotoxicity specific to the cancer cells,
and are able to act on such cells regardless of body location
and distribution. Thus, a need exists in the art for effective and
safe viral-based therapies to treat cell proliferation disorders
such as cancers.

[0005] Investigations of eukaryotic cell physiology have
revealed a variety of signal transduction pathways involved in
the coordinate regulation of complex physiological processes
such as cell proliferation. For example, mitogen-activated
protein kinases (MAPKs) have been implicated as elements
of regulatory pathways controlling cell proliferation in all
eukaryotes. The MAPK pathway is organized in modules, of
which there are six different modules presently known. This
pathway typically contains an “upstream” (i.e., early step in
the pathway) G-protein and a core module containing three
kinase enzymes: a MAPK kinase kinase (i.e., MAPKKK) that
phosphorylates and thereby activates a MAPK Kinase (i.e.,
MAPKK), which in turn phosphorylates and activates a
MAPK. In one example, the ERK (extracellular-signal-regu-
lated) pathway, Ras is a G-protein, Rafis a MAPKKK, MEK
(i.e., MAPK/ERK Kinase)is a MAPKK and ERK is a MAPK.
Complicating even this one example of a MAPK signal trans-
duction pathway regulating cell proliferation is the existence
of a number of isoforms for the particular kinases. For
example, there are three mammalian Rafisoforms, i.e., Raf-1,
A-Raf and B-Raf; two MEK isoforms, i.e., MEK1 and
MEK2; and two ERK isoforms, i.e., ERK1 and ERK2. More-
over, other kinase enzymes can be substituted for the proto-
types listed above. For example, in addition to Raf kinases,
MEKK-1, (i.e., MEK Kinase-1), mos or Tpl-2 can activate
MEK isoforms.

[0006] Complicating the regulatory picture even further,
the MAPK pathway also embraces a variety of accessory
proteins such as exchange factors, modulators, scaffolding
molecules, adapter proteins, and chaperones, collectively
providing capacities to localize elements of the pathway, to
translocate elements, to finely control the activation/inhibi-
tion of elements of the pathway and to ensure that signal
propagation is achieved in an efficient and directed manner.
An illustrative exchange factor is the Ras GTP/GDP
exchange factor known as Son of Sevenless (SOS), a protein
that promotes the exchange of GTP for GDP on Ras, thereby
activating cell membrane-bound Ras. An example of a modu-
lator involved in the MAPK pathway is SUR-8 (i.e., Suppres-
sor of Ras-8), which binds to Raf-1 and Ras-GTP, forming a
ternary complex that enhances Raf-1 activation. Two exem-
plary scaffolding proteins are the mammalian Kinase Sup-
pressor of Ras (i.e., KSR) and the yeast PBS2 protein (i.e.,
polymyxin B sensitivity). KSR has been shown to associate
with elements of the above-described module of the MAPK
pathway, i.e., Raf, MEK and ERK. Consistent with its role as
a scaffolding protein for elements of the pathway, KSR has
been shown to either activate or inhibit the MAPK pathway,
depending on the stoichiometric ratios of KSR to the ele-
ments of the pathway (e.g., Raf, MEK, and ERK). In terms of
non-binding theory, either an insufficiency or an excess of
KSR relative to the pathway components or elements would
be expected to lead to an unorganized or poorly organized
pathway impeding the capacity of the elements to coopera-
tively propagate a signal, e.g., a signal modulating cell pro-
liferation. An example of an adapter protein is the mammalian
14-3-3 protein, which modulates a variety of signaling pro-
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teins, for example by changing the subcellular location of
target proteins or by altering protein associations. As a con-
sequence, 14-3-3 plays a role in regulating cell-cycle check-
points, cell proliferation, cell differentiation and cell apopto-
sis. Finally, the MAPK pathway comprehends chaperones
such as Hsp90, Hsp50/Cdc37, FKBP65 and Bag-1. Loss of
functional chaperone activity results in reduced kinase activ-
ity and may be due to a chaperone’s stabilization of kinase
tertiary structure and/or a role for the chaperone in recruiting
kinase, e.g., Raf-1, activators.

[0007] The preceding discussion of MAPK pathways illus-
trates the classes of proteins involved in these complex path-
ways of regulating such physiological processes as cell pro-
liferation and cell apoptosis. Additional elements of the
pathways are known in the art, as illustrated by the disclosures
in Kolch, W., J. Biochem. 351:289-305 (2000) and English et
al., Exp. Cell Res. 253:255-270 (1999), both of which are
incorporated herein by reference in their entireties.

[0008] Applications of HSV-1 oncolytic therapy have prin-
cipally utilized local injection of virus directly into the tumor.
For this reason, HSV-1 vectors have been clinically tested
primarily in malignant gliomas which remain confined to the
CNS. In the context of developing HSV-1 as a broader anti-
cancer agent, it would be valuable to be able to administer
HSV-1 systemically (intravenously or intraperitoneally) to
effectively treat disseminated metastases in addition to the
primary tumor. Metastatic disease is responsible for the vast
majority of cancer deaths, often in spite of control of the
primary tumor. Moreover, a variety of human tumor types,
such as melanomas, sarcomas, and carcinomas of the colon,
ovary, liver, breast, esophagus, stomach, pancreas, and lung
have been reported to overexpress MEK activity.

[0009] Thus, a need continues to exist in the art for virus-
based cancer therapeutics and corresponding methods for use
in treating a variety of target cancer cells amenable to such
virus-based treatment. Accordingly, a need also exists for
identifying amenable target cancer cells suitable for virus-
based anti-cancer treatment.

SUMMARY

[0010] The invention disclosed herein satisfies at least one
of'the aforementioned needs in the art by providing therapeu-
tic agents in the form of herpes simplex viruses that do not
elaborate wild-type levels of active ICP34.5, the y,34.5 gene
product. These therapeutic agents are useful in treating target
cells exhibiting a cell proliferative disorder, such as a cancer
(including a solid-tumor cancer), rheumatoid arthritis, macu-
lar degeneration and other diseases, disorders and conditions
known in the art to be associated with abnormal, preferably
elevated, cell proliferation. Further, such HSVs are shown
herein to exhibit improved replication, and hence cytotoxicity
due to lytic cell cycle completion, in target cells having an
active MAPK pathway, e.g., an active Ras/Rak/MEK/ERK
pathway. Delivery of y,34.5 deficient HSV, such as R3616,
selectively targets and destroys human xenograft tumors that
overexpress MEK activity as compared to tumors that express
lower MEK activity. In addition, effective delivery can be
achieved by a variety of routes, including systemic adminis-
tration. The results reported herein indicate that systemic
delivery of v,34.5 deficient HSV is effective in the treatment
of human tumors. The invention also provides a method for
identifying or diagnosing a cell proliferative disorder ame-
nable to treatment with the above-described HSVs by deter-
mining the status of a MAPK pathway in a candidate target
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cell exhibiting a cell proliferative disorder. Those candidate
target cells that have an active MAPK pathway are preferred
target cells for administration of the above-described HSVs.
In providing methods for advantageously using viral-based
therapy for the treatment of cell proliferation diseases, disor-
ders or conditions, the invention provides the benefit of effec-
tive treatment for those diseases, disorders or conditions that
have proven refractory to conventional treatment, such as
inoperable tumors and metastasized cancers. One aspect of
the disclosure is drawn to an attenuated herpesvirus express-
ing less 1CP34.5 activity than a wild-type herpesvirus and an
inducible expression control element operatively linked to a
coding region for a polypeptide in the MEK pathway. Suit-
able herpesviruses include HSV-1. Viral attenuation is con-
veniently achieved by using herpesviruses having one or
more v,34.5 genes expressing less active ICP34.5 than a
wild-type herpesvirus, such as by having a herpesvirus bear-
ing an inactivating mutation (e.g., a deletion) in both copies of
the y,34.5 gene. Exemplary y,34.5 gene deletions involve the
deletion ofat least 10% of each coding region for ICP34.5 and
they v,34.5 gene deletions of HSV R3616. In the herpesvirus
according to this aspect of the disclosure, any coding region
or gene known in the art to be associated with or within the
MEK pathway is contemplated for inclusion in the virus.
Exemplary coding regions encode a polypeptide in the MEK
pathway that is selected from the group consisting of MEK1,
MEK?2, ERK1, ERK2, Raf-1, A-Raf, B-Raf, mos, Tpl1-2,
K-Ras, Ras, H-Ras and N-Ras. Other exemplary coding
regions encode a polypeptide in the MEK pathway that is
selected from the group consisting of K-Ras V12, K-Ras D12.
K-Ras G12,H-Ras V12, K-Ras D13, N-Ras V12, Raf S338A,
Raf S339A, B-Raf V600E, Raf-CAAX, Raf BXB,
AN3MKK1 S218E/S222D, AN3MKK2 S218E/S222D,
ERK2 E58Q, ERK2 D122A, ERK2 S151A, ERK2 S221A,
ERK2 S151D ERK L73P and a full-length MEK-ERK
fusion. The inducible expression control element of this
aspect of the disclosure is inducible by radiation, by exposure
to a chemotherapeutic agent, or by any other means known in
the art. One type of an inducible expression control element
useful in these herpesviruses is a radioinducible promoter.
Exemplary radioinducible promoters include promoters
selected from the group consisting of an Egr-1 promoter, a
c-JUN promoter, a TNF-a promoter, an MDRI1 promoter, a
tPA promoter, a recA promoter, a p21 (WAF1) promoter, a
CMVIE promoter, an SV40 promoter, a pE9 promoter, a
survivin promoter, an [EX-1 promoter and a PKC promoter.
In one embodiment, the radioinducible promoter is the pro-
moter for HSV gC. Other inducible expression control ele-
ments are responsive to at least one chemotherapeutic agents,
such as a chemotherapeutic agent selected from the group
consisting of (a) an alkylating agent, such as a nitrogen mus-
tard (e.g., mechlorethamine, cylophosphamide, ifosfamide,
melphalan, chlorambucil), an ethylenimine or a meth-
ylmelamine (e.g., hexamethylmelamine, thiotepa), an alkyl
sulfonate (e.g., busulfan), a nitrosourea (e.g., carmustine,
Iomustine, chlorozoticin, streptozocin) or a triazine (e.g.,
dicarbazine); (b) an antimetabolite, such as a folic acid analog
(e.g., methotrexate), a pyrimidine analog (e.g., S-fluorouracil,
floxuridine, cytarabine, azauridine) as well as a purine analog
or a related compound (e.g., 6-mercaptopurine, 6-thiogua-
nine, pentostatin); (¢) a natural product, such as a vinca alka-
loid (e.g., vinblastine, vincristine), an epipodophylotoxin
(e.g., etoposide, teniposide), an antibiotic (e.g., dactinomy-
cin, daunorubicin, doxorubicin, bleomycin, plicamycin and
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mitoxanthrone), an enzyme (e.g., L-asparaginase), or a bio-
logical response modifier (e.g., Interferon-cO; or (d) a mis-
cellaneous agent, such as a platinum coordination complex
(e.g., cisplatin, carboplatin), a substituted urea (e.g., hydrox-
yurea), a methylhydiazine derivative (e.g., procarbazine), or
an adreocortical suppressant (e.g., taxol and mitotane). In
some embodiments, cisplatin is a particularly suitable che-
motherapeutic agent.

[0011] The herpesviruses according to this aspect of the
disclosure may further comprise a coding region for an
expressible marker, such as the luc coding region encoding
the luciferase enzyme. The expressed marker is useful in
monitoring the location, or tissue distribution, of viral treat-
ment and/or the quantity of expression exhibited by the thera-
peutic viruses.

[0012] Another aspect according to the disclosure is
directed to a method of treating a cell proliferative disorder
comprising administering a therapeutically effective amount
of a herpesvirus as described herein in combination with a
therapeutically effective amount of an anti-cell proliferation
agent selected from the group consisting of radiation and a
chemotherapeutic agent. Various forms of radiation are con-
templated, including proton emission, neutron emission, an a
radioisotope, a } radioisotope, a y radioisotope and ultraviolet
radiation. In some embodiments, the therapeutic radiation is
ionizing radiation, such as targeted ionizing radiation. Disor-
ders amenable to the method of treatment include, but are not
limited to, a cancer, rheumatoid arthritis and macular degen-
eration.

[0013] Yet another aspect according to the disclosure is a
method of ameliorating a symptom of a cell proliferative
disorder comprising administering a therapeutically effective
amount of a herpesvirus as described herein in combination
with a therapeutically effective amount of an anti-cell prolif-
eration agent selected from the group consisting of radiation
and a chemotherapeutic agent. Forms of radiation and che-
motherapeutic agents identified in the context of describing
other aspects of the disclosure are suitable for use in the
methods of ameliorating symptoms of a cell proliferative
disorder.

[0014] Another aspect according to the disclosure is a use
of the herpesvirus described herein in the preparation of a
medicament for the treatment of a subject with a cell prolif-
eration disorder. Still another aspect of the disclosure is a
composition comprising the herpesvirus described herein in
combination with a pharmaceutically acceptable adjuvant,
carrier or diluent.

[0015] By way of further illustration, an aspect of the dis-
closureis drawn to amethod of treating a cell proliferation (or
cell proliferative) disorder comprising administration of an
effective amount of a y,34.5 deficient herpes simplex virus,
such as a y,34.5 deficient herpes simplex virus-1, comprising
at least one expressible coding region of the MAPK, or MEK,
pathway to a subject in need. In some embodiments, the
method comprises administration ofa y,34.5 deficient herpes
simplex virus-1 that comprises a coding region for MEK. In
exemplary embodiments, the MEK is selected from the group
consisting of MEK1 and MEK2. In some embodiments, the
v,34.5 deficient herpes simplex virus-1 comprises a coding
region for ERK, such as ERK1 or ERK2. In some embodi-
ments, the y,34.5 deficient herpes simplex virus-1 comprises
a coding region for Raf. In exemplary embodiments, the Raf
is selected from the group consisting of Raf-1, A-Raf and
B-Raf. In some embodiments, y,34.5 deficient herpes sim-
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plex virus-1 comprises a coding region for a protein selected
from the group consisting of MEK Kinase-1, mos and Tp1-2.
Embodiments of the method according to this aspect of the
disclosure may comprise administration of a y,34.5 deficient
herpes simplex virus-1 that comprises a coding region for
Ras. In other embodiments of the method according to the
disclosure, the coding region for the MAPK pathway encodes
a variant of a member of the pathway. In particular embodi-
ments, the variant is selected from the group consisting of
K-RasV12,K-Ras D12, H-Ras V12,K-Ras D13, N-Ras V12,
Raf S338A, Raf S339A, B-Raf V60OE, Raf-CAAX, Raf
BXB, AN3MKK1 S218E/S222D, AN3MKK2 S218E/
S222D, ERK2 E58Q, ERK2 D122A, ERK2 S151A, ERK2
S221A, ERK2 S151D ERK L73P and a full-length MEK-
ERK fusion. Other embodiments comprise administration of
an effective amount of a v,34.5 deficient herpes simplex
virus-1 comprising at least one expressible coding region
encoding a protein selected from the group consisting of a
catalytically inactive mutant of PKR, a catalytically inactive
mutant of elF-2a, a growth factor and an active mutant of a
tyrosine kinase receptor, wherein the protein and encoding
nucleic acid are known in the art.

[0016] Inembodiments of this aspect of the disclosure, the
v,34.5 deficient herpes simplex virus-1 lacks any y,34.5 gene.
In some embodiments, the v,34.5 deficient herpes simplex
virus-1 comprises a y,34.5 gene with a point mutation. Also
contemplated are HSV that are y,34.5 deficient due to an
inability to effectively express an otherwise intact y,34.5
gene. Additionally contemplated are HSV combining the
various mechanisms for rendering the virus y,34.5 deficient,
such as by deletion of one v,34.5 gene and mutation of a
second y,34.5 gene, for example by insertional inactivation,
partial deletion, or non-silent point mutation.

[0017] The methods according to this aspect of the disclo-
sure extend to methods wherein the treating ameliorates at
least one symptom associated with the cell proliferation dis-
order. Exemplary symptoms include pain, swelling, or loss of
physiological function due to cell proliferation, or a tumor
mass impinging on one or more tissues or organs.

[0018] A variety of cell proliferation, or cell proliferative,
disorders are comprehended by the disclosure, including can-
cer, macular degeneration, and autoimmune disease.

[0019] Another aspect of the disclosure is use of a y,34.5
deficient HSV comprising at least one expressible coding
region of the MAPK pathway in the preparation of a medica-
ment for the treatment of a patient with a cell proliferation
disorder. Comprehended in various embodiments of the use
are the MAPK pathway coding regions identified above in the
context of describing the treatment methods according to the
disclosure, i.e., MEK (e.g., MEK1 and/or MEK2), ERK (e.g.,
ERK1 and/or ER1(2), Raf (e.g., Raf-1, A-Raf and/or B-Raf),
Ras, MEK Kinase-1, mos, Tpl-2, variants of each of the
members of the MAPK pathway, such as K-Ras V12, K-Ras
D12, H-Ras V12, K-Ras D13, N-Ras V12, Raf S338A, Raf
S339A, B-Raf V60OE, Raf-CAAX, Raf BXB, AN3MKK1
S218E/S222D, AN3MKK?2 S218E/S222D, ERK2 ES58Q,
ERK2 D122A, ERK2 S151A, ERK2 S221A, ERK2 S151D
ERK L73P and a full-length MEK-ERK fusion, and a cata-
Iytically inactive mutant of PKR, a catalytically inactive
mutant of elF-2a, a growth factor and an active mutant of a
tyrosine kinase receptor. Additionally, the use may comprise
any of a variety of y,34.5 deficient HSV, as described herein.
[0020] Yet another aspect of the disclosure is ay,34.5 defi-
cient HSV comprising at least one expressible coding region
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of'the MAPK pathway. As noted for the aspects of the disclo-
sure described above, the expressible MAPK pathway coding
region may be a region encoding MEK (e.g., MEK1 and/or
MEK?2), ERK (e.g., ERK1 and/or ERK2), Raf (e.g., Raf-1,
A-Raf, and B-Raf), Ras, MEK Kinase-1, mos, Tp1-2, variants
of'each of the members of the MAPK pathway, such as K-Ras
V12, K-Ras D12, H-Ras V12, K-Ras D13, N-Ras V12, Raf
S338A, Raf S339A, B-Raf V600OE, Raf-CAAX, Raf BXB,
AN3MKK1 S218E/S222D, AN3MKK2 S218E/S222D,
ERK2 ES8Q, ERK2 D122A, ERK2 S151A, ERK2 S221A,
ERK2 S151D ERK L73P and a full-length MEK-ERK
fusion, and a catalytically inactive mutant of PKR, a catalyti-
cally inactive mutant of eIF-2a., a growth factor and an active
mutant of a tyrosine kinase receptor. This aspect of the dis-
closure comprehends a variety of HSV that are y,34.5 defi-
cient HSV, such as a y,34.5 deficient herpes simplex virus-1
that lacks any v,34.5 gene (i.e., an HSV containing a deletion
of each of the two v,34.5 genes found in wild-type HSV).
Further comprehended is a y,34.5 deficient herpes simplex
virus-1 that comprises a y,34.5 gene with a point mutation.
Also contemplated are HSV that arey,34.5 deficient due to an
inability to effectively express an otherwise intact y,34.5
gene. Additionally contemplated are HSV combining the
various mechanisms for rendering the virus v,34.5 deficient,
such as by deletion of one y,34.5 gene and mutation of a
second y,34.5 gene, for example by insertional inactivation,
partial deletion, or non-silent point mutation.

[0021] A related aspect of the disclosure is drawn to a
composition comprising the vy,34.5 deficient HSV as
described above in combination with a pharmaceutically
acceptable adjuvant, carrier, or diluent.

[0022] Another aspect of the disclosure provides a method
of determining the susceptibility of a cell exhibiting a prolif-
erative disorder to y,34.5 deficient herpes simplex virus-1
cytotoxicity comprising measuring the activity of the MEK
signaling pathway in the cell, wherein an active MEK signal-
ing pathway is indicative of the susceptibility of the cell to
y,34.5 deficient HSV cytotoxicity. In some embodiments, the
activity of the MEK signaling pathway in the cell is measured
by determining the level of a phosphorylated form of a protein
selected from the group consisting of MEK1, MEK2, ERK 1,
and ERK 2, and preferably selected from either MEK1 or
MEK2. Some embodiments of this aspect of the disclosure
involve the above-described method wherein the phosphory-
lated form of the protein is measured using an antibody spe-
cifically recognizing the phosphorylated form of the protein.
The method described above may also involve measuring the
activity of MEK signaling by determining the MEK haplo-
type, or partial genotype, of the cell, wherein a non-deficient
MEK haplotype is indicative of an active MEK signaling
pathway. In certain embodiments, the non-deficient MEK
haplotype is homozygous wild-type MEK. Also in some
embodiments, the method may involve a cell exhibiting a
proliferative disorder that is a cancer cell. Also, the method
described above may involve ay,34.5 deficient HSV that is an
HSV lacking the capacity to express a full-length ICP34.5 at
about a wild-type level of expression.

[0023] Another aspect of the disclosure provides a method
ofiidentifying a patient with a cell proliferative disorder that is
amenable to treatment with a y,34.5 deficient HSV compris-
ing obtaining a cell sample from the patient; and measuring
the activity of the MEK signaling pathway in the cell, wherein
an active MEK signaling pathway is indicative of a patient
with a cell proliferative disorder that is amenable to treatment
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with ay,34.5 deficient HSV. In some embodiments, the activ-
ity being measured is the level of a phosphorylated form of a
protein selected from the group consisting of MEK 1, MEK?2,
ERK1 and ERK2, preferably MEK1 or MEK2. In some
embodiments of this aspect of the disclosure the activity of
the MEK signaling pathway is measured by determining the
MEK genotype of the cell, wherein a non-deficient MEK
genotype is indicative of an active MEK signaling pathway. In
some embodiments, the y,34.5 deficient HSV is an HSV
lacking the capacity to express a full-length ICP34.5 at about
a wild-type level of expression. This aspect of the disclosure
comprehends embodiments in which the cell proliferative
disorder is a cancer, a rheumatoid arthritis or a macular
degeneration, and preferably a cancer such as a solid tumor
cancer or a metastasized cancer.

[0024] Yet another aspect of the disclosure is a use of a
v,34.5 deficient HSV in the preparation of a medicament for
the treatment of a patient with a cell proliferative disorder
comprising combining the y,34.5 deficient HSV with a phar-
maceutically acceptable adjuvant, carrier, or diluent.

[0025] Yet another aspect of the disclosure is a method of
treating an MEK™ cell exhibiting a proliferative disorder
comprising contacting the cell with a therapeutically effective
amount of a y,34.5 deficient HSV. In some embodiments of
this aspect of the disclosure, the activity being measured is the
level of a phosphorylated form of a protein selected from the
group consisting of MEK1, MEK2, ERK 1 and ERK 2, pref-
erably MEK1 or MEK2. Some embodiments of this aspect
involve practice of the above-described method wherein the
activity of the MEK signaling pathway is measured by deter-
mining the MEK haplotype of the cell, wherein a non-defi-
cient MEK haplotype is indicative of an active MEK signal-
ing pathway. In some embodiments of the method, the y,34.5
deficient HSV is an HSV lacking the capacity to express a
full-length ICP34.5 at about a wild-type level of expression.
In some embodiments, the cell proliferative disorder is a
cancet.

[0026] In yet another aspect, the disclosure provides a use
ofay,34.5 deficient HSV in the preparation of a medicament
for the treatment of a cell exhibiting a proliferative disorder
comprising combining the y,34.5 deficient HSV with a phar-
maceutically acceptable adjuvant, carrier, diluent or excipi-
ent. Pharmaceutically acceptable adjuvants, carrier, diluents,
and excipients are known in the art.

[0027] Other features and advantages of the disclosure will
be better understood by reference to the brief description of
the drawing and the detailed description of the subject matter
of the disclosure that follow.

BRIEF DESCRIPTION OF THE DRAWING

[0028] FIG. 1. HSV R3616 viral yields in a variety of cells
characteristic of a variety of tumors. Cells were exposed to 1
PFU/cell of R3616 in serum free medium for 2 hours, after
which medium containing virus was removed and fresh
medium containing 1% calf serum was added. At 36 hours
post-infection, R3616 viral recovery was determined by stan-
dard plaque assay.

[0029] FIG. 2. Differential protein synthesis and activation
of protein kinase R

[0030] (PKR)in R3616 infected cancer cell lines inversely
correlates with constitutive MEK activation in uninfected
cancer cell lines A. Cell lines were infected with 10 PFU/cell
of HSV R3616. At 11 hours post-infection, the cells were
rinsed, starved of methionine for one hour, and then incubated
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in methionine-free medium supplemented with 100 uCi of [*®
methionine per ml for two additional hours. At 14 hours
post-infection, 20 pg of equilibrated protein lysates were
electrophoretically separated in denaturing polyacrylamide
gels, transferred to a PVDF membrane, and exposed to auto-
radiography film. B Cells were infected with 10 PFU/cell of
R3616 and whole-cell lysates, harvested at 12 hours post-
infection, were resolved by SDS-PAGE and immunoblotted
with an antibody that recognizes the autophosphorylated
form of PKR on Threonine 446. In the lower panel, after
overnight serum starvation, uninfected total whole-cell
lysates were resolved by SDS-PAGE and immunoblotted
with an antibody against the total and phosphorylated forms
of ERK on threonine 202 and tyrosine 204.

[0031] FIG. 3. Deletion of mutant N-ras in human fibrosa-
rcoma cells restricts viral replication Replicate cultures of
HT1080 and MCHG603 cells were infected with 1 PFU of
R3616 or HSV-1(F) viruses per cell in serum free medium for
2 hours, after which medium containing virus was removed
and replaced with fresh medium containing 1% calf serum. At
36 hours post-infection, viral recovery was determined by
standard plaque assay.

[0032] FIG. 4. Diminished [*°S]-methionine metabolic
labeling in virus infected human fibrosarcoma cells deleted
for mutant N-ras. Replicate cultures of HT1080 and MCH603
cells were infected with 10 PFU of R3616 or HSV-1(F)
viruses per cell. At 11 hours post-infection, the cells were
rinsed, starved of methionine for one hour, and then incubated
in methionine-free medium m supplemented with 100 uCi of
[>°S] methionine per ml for two additional hours. At 14 hours
post-infection, 20 pg of equilibrated protein lysates were
electrophoretically separated in denaturing polyacrylamide
gels, transterred to a PVDF membrane and exposed to auto-
radiography film.

[0033] FIG.5. Increased PKR and elF-2a phosphorylation
in human fibrosarcoma cells deleted for mutant N-ras during
R3616 infection. Replicate cultures of HT1080 and MCH603
cells were exposed to 10 PFU of R3616 or HSV-1(F) viruses
per cell. Cells were harvested at 14 hours post-infection and
processed as described in Example 1. The electrophoretically
separated proteins were immunoblotted with antibodies rec-
ognizing the phosphorylated form of PKR on threonine 446
and the phosphorylated form of elF-2a on serine 51, as well
as for total PKR and elF-2a.

[0034] FIG. 6. Inhibition of MEK by the addition of
PD98059 increases PKR autophosphorylation and sup-
presses the accumulation of a y2 viral protein (gC) in HT1080
cells infected with R3616. Replicate cultures of serum-
starved HT1080 cells were infected with 10 PFU of R3616
viruses per cell in the presence or absence of 40 uM PD98059,
as described in Example 1. Cells were harvested at 12 hours
post-infection and the electrophoretically separated proteins
were immunoblotted with antibodies recognizing either
immediate-early [ (ICP27)], early [B(UL42)]or late [y(gC)]
viral proteins. The same lysates were immunoblotted to deter-
mine the total and phosphorylated forms of ERK1 and ERK2
(phosphorylated on threonine 202/tyrosine 204) and PKR
(phosphorylated on threonine 446).

[0035] FIG. 7. Differences in cytopathic effects in virus
infected caMEK (constitutively active MEK) and dnMEK
(dominant negative MEK) stable cell lines. Replicate cultures
of HT-caMEK and HT-dnMEK cells were infected with 10
PFU of mock, R3616 or HSV-1(F) viruses per cell. Photos
were taken at 12 hours post-infection.
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[0036] FIG. 8. The effect of dnMEK and caMEK over-
expression on R3616 viral recovery and PKR function during
R3616 infection. A. Replicate cultures of HT-dnMEK,
HT1080, and HT-caMEK cells were exposed to one PFU of
R3616 virus per cell in serum-free medium for 2 hours, after
which medium containing virus was removed and fresh
medium containing 1% calf serum was added. At 36 hours
post-infection, R3616 viral recovery was determined by stan-
dard plaque assay B. To determine the influence of mutant
MEK expression on PKR activation, replicate cultures of
HT-dnMEK, HT1080 and HT-caMEK cells were exposed to
10 PFU of R3616 virus per cell. Cells were harvested at 12
hours post-infection and processed as described in Example
1. Electrophoretically separated proteins were immunoblot-
ted with antibodies recognizing the total and phosphorylated
form of the following proteins: ERK1 and ERK2 (phospho-
rylated on threonine 202 and tyrosine204), PKR (phosphory-
lated on threonine 446), and elF-2a (phosphorylated on
serine 51). The same lysates were immunoblotted with anti-
bodies recognizing immediate-early [a (ICP27)] and late
[v(gC)] viral proteins. C. R3616 viral recovery from replicate
cultures of Mia-dnMEK, MiaPaCa2 and Mia-caMEK at 36
hours post-infection. D. Immunoblotting was performed on
replicate lysates of the Mia-dnMEK, MiaPaCa2 and Mia-
caMEK cells described in Section B, above.

[0037] FIG. 9. Diminished [**S]-methionine metabolic
labeling in R3616 infected human fibrosarcoma cells
expressing dnMEK. Replicate cultures of HT-caMEK and
HTdnMEKcells were infected with 10 PFU of R3616 or
HSV-1(F) viruses per cell. At 11 hours post-infection, mock
and virus infected cells were rinsed, starved of methionine for
one hour, and then incubated in methionine-free medium
supplemented with 100 [uCi of [>*S] methionine per ml for
two additional hours. At 14 hours post-infection, 20 pg of
equilibrated protein lysates were electrophoretically sepa-
rated in denaturing polyacrylamide gels, transferred to a
PVDF membrane and exposed to autoradiography film.
[0038] FIG.10. Bioluminescence of systemically delivered
R2636 in mice growing bilateral dnMEK- and caMEK-ex-
pressing tumor xenografts. HT-dnMEK and HT-caMEK
tumors were established in the left and right hind limbs of
athymic nude mice. Once tumors reached an average volume
01’350 mm? animals were given a single intraperitoneal injec-
tion of 9x10° PFU of R2636 virus. Bioluminescence imaging
was performed 5 days after intraperitoneal injection.

[0039] FIG. 11. A model for the interaction between acti-
vated MEK and the suppression of PKR function during viral
infection of tumor cells by y,34.5 mutant viruses. Activation
of the extracellular signal-regulated kinase (ERK)-kinase
(MEK)ERK pathway (i.e., the MAPK pathway) by either
oncogenic activating mutations of Ras isoforms, point muta-
tions within B-Raf alleles, or receptor tyrosine kinase activa-
tion/overexpression have been shown to be involved in trans-
formation and tumor progression. In addition, Ras-
independent activation of Raf/MEK/ERK signaling is cell-
and tumor type-specific. This Figure schematically illustrates
that activated MEK suppresses PKR auto-phosphorylation
and effectively blocks PKR-mediated elF-2a phosphoryla-
tion. Tumor cells with activated MEK/ERK signaling, there-
fore, are exquisitely permissive to A|,34.5 mutant viral rep-
lication and oncolysis.

[0040] FIG. 12. In tumor regrowth studies, systemic deliv-
ery of R3616 by intraperitoneal injection resulted in oncoly-
sis of xenografts dependent on tumor MEK activity. Tumor
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xenografts were established in the hindlimbs of nude mice by
injection of 5x10° cells per animal. Tumor volume was deter-
mined by direct caliper measurement. Once tumors reached a
mean volume of 115-150 mm?, animals were treated on day 0
and day 5 with 2x10°, 2x107, or 2x108 PFU intraperitoneal or
10® PFU intratumoral R3616. Tumor growth was measured
by calculating the ratio of tumor volume V to initial tumor
volume V,,. A) HT-caMEK B) HT-dnMEK C) Hep3B (high
MEK activity) D) PC-3 (low MEK activity)

[0041] FIG. 13. In vivo luciferase imaging of R2636 repli-
cation shows that HT-caMEK tumors permitted increasing
viral replication and HT-dnMEK tumors restricted viral rep-
lication. Intraperitoneal administration of R2636 in
HT-caMEK tumor bearing mice allowed viral localization to
the hindlimb xenograft and subsequent replication. Tumor
xenografts were established as described previously. Mice
were injected with intratumoral (5x107 PFU) or intraperito-
neal (10® PFU) R2636. On days 1, 3, 8, 12, and 22 following
R2636 treatment, imaging of luciferase activity was per-
formed on a charge-coupled device camera 15 minutes fol-
lowing IP injection of D-luciferin at 15 mg/kg body weight.
A) HT-caMEK, intratumoral B) HT-daMEK, intratumoral C)
HT-caMEK, intraperitoneal D) HT-dnMEK, intraperitoneal.

[0042] FIG. 14. Quantified luciferase activity from HT-
caMEK and HT-daMEK tumor-bearing mice treated with
5x107 PFU intratumoral or 10® PFU intraperitoneal R2636.
Using image analysis software to process images generated
from R2636-treated mice bearing HT-caMEK and HT-dn-
MEK xenografts, luminescence was quantified as total pho-
ton flux, calculated using an area-under-the-curve analysis
(MetaMorph). The baseline luminescence in the untreated
HT-caMEK tumors was 1.8x10°%5.9x10° photons. In HT-
caMEK tumors injected intratumorally with 5x10” PFU of
R2636, the measured photon activity was 1.8x10°+6.6x10°,
1.1x107£3.9x10°, 2.7x1.05£1.2x10°, 4.3x10%°+3.1x10°, and
1.6x107+6.7x10° on days 1, 3, 8, 12, and 22 respectively
(p=0.042, 0.0208, 0.0726, 0.2149, and 0.0477, respectively,
with reference to baseline luminescence in untreated control
mice bearing HT-caMEK tumors). HT-caMEK xenografts
treated with 10° PFU of intraperitoneal R2636 resulted in
measured photon emission of 6.6x10°+1.1x10°, 2.4x10%1.
1x105, 8.4%10°+2.7x10%, 1.1x107£5.0x10°, and 4.8x107+2.
1x107 on days 1, 3, 8, 12, and 22, respectively (p=0.0019,
0.064, 0.0163, 0.0557, and 0.0499, respectively, with refer-
ence to untreated control tumor-bearing mice). In untreated
control mice bearing HT-dnMEK tumors, baseline lumines-
cence was 9.9x10%x1.3x10* photons. HT-dnMEK xenografts
injected intratumorally with 5x107 PFU R2636 resulted in
measured photon activity of 4.0x10%1.6x105, 6.8x10°£2.3x
10°, 6.9x10°+5.0x10°, 9.4x10°£7.9x10°, and 3.2x10%+2.8x
10° on days 1, 3, 8, 12, and 22, respectively. HT-dnMEK
xenografts treated with 10° PFU intraperitoneal R2636
resulted in measured photon activity of 5.0x10°x1.4x10°,
2.6x10°£7.3x10% 2.0x10°£1.5x10°, 4.2x10*+4.1x10?, and
4.4x10%*+1.9x10° on days 1, 3, 8, 12, and 22, respectively.

[0043] FIG. 15. Immunohistochemistry of HT-caMEK
tumor for HSV-1 antigen 5 days following R3616 treatment
demonstrated a different pattern of viral spread with intratu-
moral versus intraperitoneal injection. HT-caMEK
xenografts were harvested 5 days following intratumoral
(5x107 PFU) or intraperitoneal (10® PFU) injection of R3616.
Tumors were formalin-fixed, paraffin-embedded, and probed
with anti-HSV-1 antibody. A) Intratumoral injection (low and
high power) showed viral spread outward from the needle
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track. B) Intraperitoneal injection showed a more diffuse
pattern with multiple foci of replication.

[0044] FIG. 16. Viral recovery from HT-caMEK tumors 5
days following intratumoral injection with 5x107 PFUR3616
or 10® PFU R3616 was comparable. HT-caMEK xenografts
were harvested 5 days post-treatment with either intratumoral
5x107 PFU or intraperitoneal 10® PFU of R3616. Viral titers
from homogenized samples were determined by standard
plaque formation assays on Vero cell monolayers.

[0045] FIG. 17. The effect of R2660 mutant virus on PC-3
tumors. Panel A: schematic representation of the R3616 and
R2660 mutant viruses. Panel B: schematic representation of
the test protocol. Panel C: measurements of the tumor volume
after treatment.

DETAILED DESCRIPTION

[0046] The present invention provides materials and meth-
ods for identifying target cells exhibiting a cell proliferation
disease, disorder or condition that are amenable to herpes
simplex virus-based therapy. The HSV useful in methods of
the invention do not express wild-type levels of ICP34.5 and,
for that reason, are relatively safe, as exhibited by the attenu-
ated virulence of such HSV. In identifying those cells that not
only exhibit a cell proliferative disease, disorder or condition,
but also have an active MAPK pathway, e.g., are MEK™*, the
methods of the invention facilitate the identification or diag-
nosis of those diseases, disorder or conditions amenable to
treatment with such HSV. Methods of treating such diseases,
disorders or conditions, as well as methods of ameliorating a
symptom of such a disease, disorder or condition and meth-
ods of preventing such diseases, disorders or conditions, are
other beneficial aspects of the invention. In combining HSVs
having cytotoxic effects that are relatively specific to cells
exhibiting cell proliferative disorders with target cells having
an active MAPK pathway, e.g., Ras/Raf/MEK/ERK pathway,
the invention provides methods for identifying or diagnosing
cell diseases, disorders or conditions best suited to treatment
with the modified HSV, as well as methods of preventing,
treating, or ameliorating at least one symptom associated with
such disease, disorder or condition.

[0047] Studies described herein demonstrate that transduc-
tion of a cell line with a constitutively active mitogen-acti-
vated protein kinase (MAPK) kinase (MEK) coding region
conferred susceptibility to ay,34.5 deficient HSV, such as the
HSV R3616 virus, whereas cells transduced with a dominant
negative MEK coding region became more resistant to the
recombinant virus (Smith et al., J. Virol. 80:1110-1120
(2006)). MEK is a key regulator in the MAPK pathway and is
activated by MAPK kinase kinases (A-RAF, B-RAF, and
RAF-1) which are downstream of RAS. MEK, in turn, phos-
phorylates its only known substrates, the MAPKs (ERK1 and
ERK2). MEK is constitutively activated in a wide variety of
tumors, and functions to promote cell survival (Ballif et al.,
Cell Growth Ditfer. 12:397-408 (2001), Von Gise et al., Mol.
Cell. Biol. 21:2324-2336 (2001), and Xia et al., Science 270:
1326-1331 (2001)) and to protect tumor cells from multiple
apoptotic stimuli. Extensive analyses of the phenotype of the
parent and transduced tumor cells exposed to the y,34.5
mutant virus indicated that in cells transduced with the con-
stitutively active MEK, PKR is not activated, in contrast to
cells transduced with the dominant negative MEK. Further
consideration of the disclosure of the invention will be facili-
tated by a consideration of the following express definitions
of terms used herein.
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[0048] An “abnormal condition” is broadly defined to
include mammalian diseases, mammalian disorders and any
abnormal state of mammalian health (i.e., a mammalian con-
dition) that is characterized by abnormal cell proliferation in
an animal, such as man, relative to a healthy individual of that
species. Preferably, the abnormal cell proliferation involves
excess cell proliferation. Exemplary conditions include any
of the wide variety of cancers afflicting humans or other
animal species (e.g., mammalian species), including solid
tumors and metastasized cancers, as well as rheumatoid
arthritis, macular degeneration, and the like.

[0049] “Administering” is given its ordinary and accus-
tomed meaning of delivery by any suitable means recognized
in the art. Exemplary forms of administering include oral
delivery, anal delivery, direct puncture or injection, including
intravenous, intraperitoneal, intramuscular, subcutaneous,
intratumoral, and other forms of injection, spray (e.g., nebu-
lizing spray), gel or fluid application to an eye, ear, nose,
mouth, anus or urethral opening, and cannulation.

[0050] An “effective dose” is that amount of a substance
that provides a beneficial effect on the organism receiving the
dose and may vary depending upon the purpose of adminis-
tering the dose, the size and condition of the organism receiv-
ing the dose, and other variables recognized in the art as
relevant to a determination of an effective dose. The process
of determining an effective dose involves routine optimiza-
tion procedures that are within the skill in the art.

[0051] An “animal” is given its conventional meaning of a
non-plant, non-protist living being. A preferred animal is a
mammal, such as a human.

[0052] “Ameliorating” means reducing the degree or sever-
ity of, consistent with its ordinary and accustomed meaning.
[0053] “Pharmaceutical composition” means a formulation
of compounds suitable for therapeutic administration, to a
living animal, such as a human patient. Typical pharmaceu-
tical compositions comprise a therapeutic agent such as an
HSV virus not elaborating a wild-type level of active ICP34.
5, in combination with an adjuvant, excipient, carrier, or
diluent recognized in the art as compatible with delivery or
administration to an animal, e.g., a human.

[0054] “Adjuvants,” “excipients,” “carriers,” and “dilu-
ents” are each given the meanings those terms have acquired
in the art. An adjuvant is one or more substances that serve to
prolong the immunogenicity of a co-administered immuno-
gen. An excipient is an inert substance that serves as a vehicle,
and/or diluent, for a therapeutic agent. A carrier is one or more
substances that facilitates manipulation of a substance (e.g., a
therapeutic), such as by translocation of a substance being
carried. A diluent is one or more substances that reduce the
concentration of, or dilute, a given substance exposed to the
diluent.

[0055] “Media” and “medium” are used to refer to cell
culture medium and to cell culture media throughout the
application. As used herein, “media” and “medium” may be
used interchangeably with respect to number, with the singu-
lar or plural number of the nouns becoming apparent upon
consideration of the context of each usage.

[0056] Mindful of the preceding definitions, it is noted that
herpes simplex virus mutants lacking the v,34.5 gene, or
lacking the capacity to express active ICP34.5, are not
destructive to normal tissues but are potent cytolytic agents in
human tumor cells in which the activation of protein kinase R
(PKR) is suppressed. Thus, replication of a A;34.5 mutant
(R3616) in 12 genetically defined cancer cell lines correlated
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with suppression of PKR but not with the haplotype of Ras
(i.e., the Ras-specific genotype). Extensive analyses of two
cell lines transduced with either dominant negative MEK
(dnMEK) or constitutively active MEK (caMEK) indicated
that in R3616 mutant infected cells, dnMEK enabled PKR
activation and decreased virus yields, whereas caMEK sup-
pressed PKR and enabled better viral replication and cell
destruction in transduced cells in vitro or in mouse
xenografts. The results indicated that activated MEK medi-
ated the suppression of PKR and that the status of MEK
predicts the ability of y,34.5 mutant viruses to replicate and
destroy tumor cells. In addition, y,34.5 mutant HSV compris-
ing one or more coding regions for the expression of heter-
ologous gene product(s) are useful in effectively converting
or ensuring that a tumor cell exhibits a suppressed PKR
phenotype, thereby rendering such a cell susceptible to
destruction by the y,34.5 mutant HSV.

[0057] PKR appears to play a key role in conferring resis-
tance to y,34.5 mutants. The importance of PKR to a cell’s
innate antiviral response to viral infection is underscored by
the observation that y,34.5 mutants replicate to near wild-
type levels in murine embryonal fibroblast (MEF) cells
derived from mice lacking PKR. Moreover, y,34.5 HSV
mutants are virulent in PKR™~ mice, but not in wild-type
mice. In addition, exogenous a interferon (INF-a) effectively
suppresses v,34.5 mutant replication in PKR** MEFs, but
has no effect in PKR™~ MEFs, while wild-type HSV-1 was
reported to be resistant to the anti-viral effects of IFN in these
cells. Therefore, replication of mutants lacking y,34.5 is
largely dependent on the ability of cells to activate PKR-
dependent pathways of host cell defense.

[0058] PKR also exerts potent growth suppressive effects
and apoptotic cell death effects induced by multiple stimuli.
Alternatively, inhibition of PKR function by over-expression
of catalytically inactive mutants of PKR and elF-2q, trans-
formed NIH 3T3 cells and primary human cells when co-
expressed with large T antigen and human telomerase reverse
transcriptase (h'TERT) in a manner similar to the necessary
mitogenic signal transmitted by activated Ras.

[0059] Growth factor withdrawal also induces PKR activa-
tion, e[F-2a phosphorylation and apoptosis in several growth
factor-dependent hematopoietic cell lines. Growth factor
withdrawal also downregulated the activity of MEK, a critical
downstream Ras effector kinase, while overexpression of
constitutively active MEK mutants protected growth factor-
dependent cell lines from multiple apoptotic stimuli, includ-
ing growth factor withdrawal. MEK is a key regulatory kinase
activated by MAPK-kinase-kinases (A-Raf, B-Raf and Raf-
1) that functions to promote cell survival. Accordingly, MEK
and its only known substrate, MAPKs (ERK1 and ERK 2)are
constitutively activated in a large percentage of tumors as a
consequence of dysregulated growth factor secretion,
tyrosine kinase receptor activation, activating mutations in
Ras isoforms and somatic activating missense mutations of
B-Raf.

[0060] The data disclosed herein establish that PKR acti-
vation is suppressed in a subset of cancer cells, thereby ren-
dering them susceptible to viral replication and cytolysis by a
v,34.5 mutant HSV, e.g., HSV R3616. Using pharmacologic
inhibitors of MEK and catalytically active and inactive
mutants of MEK, constitutive MEK activity was shown to
suppress the viral activation of PKR. The status of MEK
correlates with the ability of tumor cells to support the repli-
cation of y,34.5 mutant HSV viruses and that replication
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ultimately destroys the host tumor cells. Accordingly, the
status of MEK is predictive of those cancer cells most sus-
ceptible to destruction by HSV viruses not elaborating wild-
type levels of active ICP34.5.

[0061] The invention contemplates any herpes simplex
virus, including HSV-1, HSV-2 and hybrids thereof, that does
not express a wild-type level of ICP34.5, although it is pre-
ferred that the HSV is an HSV-1. Derivatives of these viruses
are also contemplated by the invention, provided such deriva-
tives both retain the capacity to exert a cytotoxic or cytopathic
effect (i.e., lytically infect) in at least one tumor cell type and
do not express a wild-type level of ICP34.5. Suitable viral
derivatives include HSV having at least one mutation, silent
or not, in addition to any mutation associated with the failure
to express a wild-type level of ICP34.5, as well as viral
fragments. Preferably, such viral derivatives retain the ability
to form infectious virion, eliminating the need for engineered
forms of delivering the viral agent.

[0062] The invention also comprehends HSV having any
known mechanism of reducing the level of expressed, active
1ICP34.5 below wild-type levels including, but not limited to,
y,34.5 deletion mutants (i.e., y,34.5 mutants) that either
express a truncated gene product of reduced or undetectable
activity or that do not express any gene product. Alternatively,
or in conjunction with a deletion mutant, the invention con-
templates an insertion mutant that reduces or eliminates the
ICP34.5 activity of any expressed gene product, missense or
nonsense mutations that eliminate or reduce expressed
ICP34.5 activity in terms of either the level or stability of such
activity, second-site mutations such as the insertion of an
anti-sense coding region in the HSV genome, non-coding
region mutations affecting the expression control of v,34.5
such as a down-regulating mutation in a promoter affecting
y,34.5 expression, or any other HSV modification known in
the art to reduce the level of expressed ICP34.5 activity below
wild-type levels. Preferably, the modification of HSV, e.g.,
the mutation, is present in each copy of the relevant genetic
element (e.g., a mutation in the coding region of y,34.5 is
preferably found in both copies of y,34.5 found in the HSV
genome). The invention also embraces singular modifications
of HSV where the genetic element is naturally present as a
single copy in HSV or where an HSV derivative has been
rendered hemizygous for the relevant genetic element. Pref-
erably, the level of expressed ICP34.5 is reduced below
detectable levels.

[0063] With respect to heterologous coding regions, the
invention contemplates a variety of coding regions useful in
effectively suppressing PKR when expressed. Suitable heter-
ologous coding regions include the coding region Dora func-
tional member of the MAPK (Ras/Raf/ MEK/ERK) pathway,
and preferably a constitutively active member of the pathway.
Exemplary Ras coding regions encode any of wild-type
N-Ras (SEQ ID NO:7 encoding SEQ ID NO:8), K-Ras (SEQ
IDNO:9 encoding SEQ ID NO:10) or H-Ras (SEQ IDNO:11
encoding SEQ ID NO:12), as well as mutant active Ras iso-
form variants. For compact yet complete disclosure, wild-
type sequences of members of the MAPK pathway are pro-
vided and the sequence differences from wild-type are
indicated for the variants. The most common mutations are at
residues C/G12, G13 and Q61. There are numerous examples
of active mutant Ras isoforms known in the art including, but
not limited to, K-RasV12, K-RasD12, K-RasG12,
H-RasV12, K-RasD13, and N-RasV12 (Bos, 49(17):4682-9,
1989, incorporated herein by reference).
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[0064] Exemplary Raf coding regions encode any one of
the wild-type forms of Raf (SEQ ID NO:13 encoding SEQ ID
NO:14 for B-Raf), Raf-CAAX (Leevers et al., Nature 369
(6479):411-4, 1994, incorporated herein by reference),
RafS338A (Diaz et al,, Molecular and Cellular Biology
17(8):4509, 1997; incorporated herein by reference),
RafS339A (Diaz et al., (1997); incorporated herein by refer-
ence), or Raf BXB (Bruder et a)., Genes & Dev. 6:545-556,
1992, incorporated herein by reference. Further, the invention
embraces V60OE B-Raf (Andersen et al., Cancer Res. 1
64:5456-60, 2004, incorporated herein by reference notwith-
standing the identification therein to V599E due to a sequence
error in the publication). The variations from the wild-type
Raf sequence found in any of Raf-CAAX, RafS338A,
RafS339A , RafBXB, and V60OE B-Raf can be present in any
combination. Two isoforms of MEK are found in humans,
i.e.,, MEK1 and MEK2. The invention comprehends wild-
type MEK1 (SEQ ID NO:1, encoding SEQ ID NO:2) and
wild-type MEK2 (SEQ ID NO:5 encoding SEQ ID NO:6).
Also contemplated are active mutant MEKs, including con-
stitutively active MEKSs. Examples of active mutants known
in the art and embraced by the invention include AN3MKK 1
S218E/S222D, an N-terminal truncation mutant of MEK1
that also includes missense mutations at residues 218 and
222; an analogous variant (N-terminal truncation and amino
acid substitutions at the equivalent of positions 218 and 222 of
MEK1) of MEK2 is also contemplated (Mansour, et al., Sci-
ence 265(5174):966-70, 1994, incorporated herein by refer-
ence). Further, full-length MEK1 and MEK?2 proteins con-
taining a missense mutation yielding S281E or S222D, and
preferably both mutations, are contemplated.

[0065] The ERK component of the MAPK pathway is
present in two isoforms, ERK1 and ERK2, in humans. Con-
templated by the invention are HSV comprising coding
regions for wild-type ERK, including wild-type human
ERKI1 (SEQ ID NOS:15 and 17 encode SEQ ID NOS:16 and
18, respectively, with SEQ ID NOS:15 and 16 relating to
transcript variant 1 and SEQ ID NOS:17 and 18 relating to
transcript variant 2) and/or ERK2 (SEQ ID NO:3 encodes
SEQ ID NO:4 of ERK2) (Emrick, et al,, J. Biol. Chem.
276:46469-46479, 2001, incorporated herein by reference).
Exemplary variants of ERK2 include, but are not limited to,
variants known in the art such as variants containing an amino
acid substitution at ES8Q, D122A, S151A, or S221 A (Zhang,
et al., J. Biol. Chem. 278: 29901-29912, 2003, incorporated
herein by reference), as wellas S151D or L73P (Emrick et al.,
supra).

[0066] In addition to the foregoing wild-type and variant
members of the MAPK pathway, the HSV according to the
invention may comprise fusion proteins, such as a MEK2-
ERKI1 fusion as described in Robinson, et al., Curr. Biol.
8:1141-1150, 1998, incorporated herein by reference. The
MEK2-ERK1 fusion of Robinson et al. encodes a full length
MEK2 (SEQ ID NO:6 encoded, e.g., by SEQ ID NO:5) fused
to a coding region for a linker, such as a ten-amino acid linker
(Glu-Gly), in turn fused to a full-length ERK1 (SE( )ID
NO:16 or 18 encoded, e.g., by SEQ ID NO:15 or 17, respec-
tively). The linker can vary in length and/or sequence, pro-
vided that it is compatible with secondary and tertiary struc-
ture formation required for activity as an ultimate suppressor
of PKR activity. Also contemplated are full-length fusions of
MEKI1-ERK1, MEK2-ERK2, MEK1-ERK?2 and fusions in
which the orientation of the two proteins are reversed, along
with a linker conforming to the requirements provided above.
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Collectively, each of the MEK1/2-ERK1/2 and ERK1/2-
MEK1/2 fusions is referred to herein as a MEK-ERK fusion.
Further, N-terminally deleted MEK1 or MEK2, particularly
N-terminal deletions of the four leucine residues contributing
to the nuclear export signal, as described in Robinson et al.,
supra, incorporated herein by reference, are contemplated as
elements of MEK-ERK fusions. In addition, conservative
coding regions specifying amino acids that are conservative
substitutions for the above-identified wild-type variants are
envisaged (e.g., any conservative substitution for the serine
residues as positions 218 and 222 in the above-described
upregulated MEK variants is contemplated). In the present
context, a conservative substitution preferably conforms to
conventional understanding and more preferably conserves
the functional characteristic (contribution to activity level) of
the amino acid being substituted, such as the like susceptibil-
ity to phosphorylation of S, T, Y and other phosphorylatable
amino acids (D, E, H). Non-conservative substitutions, dele-
tions and insertions (relative to wild-type counterparts rather
than the upregulated variants described above) that result in
upregulated activity of the MAPK pathway are also compre-
hended, such as those non-conservative substitutions, dele-
tions and insertions of coding regions of the MAPK pathway
known in the art.

[0067] Beyond the various coding regions of the MAPK
pathway, HSVs according to the invention may comprise a
heterologous (foreign to wild-type HSV) coding region for a
catalytically inactive mutant of PKR or for a catalytically
inactive mutant of eIF-2c., as known in the art. Further, HSV
comprising a coding region for a growth factor, the overex-
pression of which is known in the art to result in upregulated
activity of the MAPK pathway is suitable, as is an active
mutant of a tyrosine kinase receptor that is known in the art to
regulate the activity of the MAPK pathway.

[0068] The methods of the invention comprehend any pro-
cess or assay known in the art for detecting or measuring a
protein indicative of the status of a MAPK pathway in a cell.
Suitable proteins include, but are not limited to, members of
the Ras/Raf/MEK/ERK module of the MAPK pathway, e.g.,
any form of Ras, a G-protein specifically interacting with any
such form of Ras, Raf (A-Raf, B-Raf and Raf-1; also referred
to as Raf-A, Raf-B, and Raf-C, respectively), MEKI1
(MKK1), MEK2 (MKK2), ERK1, and ERK2. Any known
isoform of a protein involved in a MAPK pathway may be the
sole component detected or measured, or may be one of a
plurality of elements detected or measured, for example in the
context of assays measuring a plurality of isoforms of a given
protein or assays collectively measuring one or more iso-
forms of at least two proteins in a MAPK pathway. In pre-
ferred embodiments, the proteins being detected or measured
are phosphorylated derivatives of the proteins, wherein the
phosphorylation is known in the art to be associated with
activation of that protein. Further, it is expected that accessory
proteins in a MAPK pathway, e.g., exchange factors, modu-
lators, scaffolding molecules, adapter proteins, and/or chap-
erones, that are known to vary in activity (whether that vari-
ance is attributable to changes in specific activity or active
protein level) in a manner predictive of MAPK pathway acti-
vation, may also serve alone or in combination with other
suitable proteins as the basis for detecting and/or measuring
MAPK pathway status. Exemplary accessory proteins
include, but are not limited to, MEKK-1, mos, Tp1-2, SOS,
SUR-8,KSR, PBS2, 14-3-3, Hsp90, Hsp50/Cdc37, FKBP65,
Bag-1, Rsk-1, and proteins identified in Kolch, W., Nat. Rev.
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Cell Biol. 6:827-837 (2005), incorporated herein by refer-
ence. Preferred accessory proteins are human proteins iden-
tified above and human orthologs of non-human proteins
identified above. In other processes of the invention, com-
parative measures of one or more isoforms of one or more
MAPK pathway proteins is obtained to provide a comparative
measure indicative of MAPK pathway status. Preferred pro-
teins for use in any of these processes include MEK 1, MEK?2,
ERK1 and ERK2.

[0069] Yet other processes according to the invention
involve haplotyping a target cell, by which is meant the partial
or complete characterization of at least one genetic element
involved in the expression of at least one isoform of a MAPK
pathway protein indicative of MAPK pathway status. The
characterizations will typically provide partial or complete
sequence information for at least one genetic element, which
may be obtained by any method known in the art, including
but not limited to chemical or enzymatic sequencing tech-
niques, whether automated or not. Also contemplated are
hybridization-based technologies using one or more probes
of any suitable length and under any suitable hybridization
conditions that are compatible with the reliable identification
of a particular genetic element predictive, alone or in combi-
nation with additional information, of MAPK pathway status.
Preferably, the probe is an oligonucleotide of 8-50 nucle-
otides and stringent hybridization conditions are employed to
facilitate the inferential determination of at least a partial
sequence diagnostic of MAPK pathway status. Also included
in the haplotyping processes of the invention are genetic
complementation studies in which distinct naturally existing,
or engineered, phenotypes are associated with the relevant
haplotypes. Any other process known in the art for determin-
ing the absolute or relative level of activity of at least one
isoform of a protein in a MAPK pathway that is predictive of
MAPK pathway status is also embraced by the invention.

[0070] The invention also provides methods of treating dis-
eases, disorders or conditions characterized by abnormal cell
proliferation, typically hyperproliferation, provided that the
abnormally proliferating cells have a MAPK pathway of
active status. Diseases, disorders or conditions suitable for
treatment include any form of cancer, including solid-tumor
cancers such as inoperably located tumors or metastasized
cancers, as well as rheumatoid arthritis, macular degenera-
tion, and any disease, disorder or condition characterized by
abnormal cell proliferation, as would be understood in the art,
provided the cells have an active MAPK pathway. A related
aspect of the invention provides methods for ameliorating at
least one symptom associated with such disease, disorder or
condition. For example, the invention contemplates adminis-
tering an effective dose of an HSV that does not express a
wild-type level of active ICP34.5 to an organism suffering
from a cancerous condition due to MAPK -active cancer cells,
wherein the dose is sufficient to reduce the pain, swelling, or
other physiological symptom attending tumor growth. A ben-
efit provided by these methods of the invention is that the
HSV therapeutic is effective in embodiments of the disease,
disorder or condition that have proven refractory to treatment
with conventional therapies, such as inoperable tumors of the
brain or other inaccessible regions of a body as well as metas-
tasized cancers.

[0071] The invention further contemplates prophylactic
methods wherein a dose of an HSV, as described above, that
is known to be effective in ameliorating a symptom or treating
a disease, disorder or condition characterized by abnormal



US 2011/0274661 Al

ccll proliferation is administered to an organism at risk of
developing such a disease, disorder or condition.

[0072] Administration of the above-described HSV com-
positions according to the invention is by any known route,
provided that the target cell or tissue is accessible via that
route. Notably, the experimental results disclosed herein
establish that two isogenic tumor cell lines differing in sus-
ceptibility to the y,34.5 mutant R3616 were used to study the
distribution and persistence of virus delivered by different
routes. As expected, the virus replicated better and persisted
longer in the susceptible (high MEK activity) tumors in
mouse xenografts. A significant finding was that systemic
administration to the tumor-bearing mouse was as eftective as
intratumoral delivery with regard to tumor oncolysis. Accord-
ingly, the pharmaceutical compositions may be introduced
into the subject by any conventional method, e.g., by intrave-
nous, intradermal, intramuscular, intramammary, intraperito-
neal, intrathecal, retrobulbar, intravesicular, intrapulmonary
(e.g., term release); sublingual, nasal, anal, vaginal, or trans-
dermal delivery, or by surgical implantation at a particular
site. The treatment may consist of a single dose or a plurality
of doses over a period of time.

[0073] Upon formulation, solutions are administered in a
manner compatible with the dosage formulation and in such
amount as is therapeutically effective. Appropriate dosages
may be ascertained through the use of established routine
assays. As studies are conducted, further information will
emerge regarding optimal dosage levels and duration of treat-
ment for specific diseases, disorders, and conditions.

[0074] In preferred embodiments, the unit dose may be
calculated in terms of the dose of viral particles being admin-
istered. Viral doses are defined as a particular number of virus
particles or plaque forming units (pfu). Particular unit doses
include 10, 10% 10°, 10°, 107, 10%, 10°, 10'°, 10", 10"y,
10'? or 10** pfu. Particle doses may be somewhat higher (10-
to 100-fold) due to the presence of infection-defective par-
ticles, which is determinable by routine assays known in the
art.

[0075] The pharmaceutical compositions and methods of
the invention are useful in the fields of human medicine and
veterinary medicine. Thus, the subject to be treated (whether
to treat or prevent a disease, disorder or condition, or to
ameliorate a symptom thereof) may be a vertebrate, e.g., a
mammal, preferably human. For veterinary purposes, sub-
jects include, for example, farm animals such as cows, sheep,
pigs, horses and goats, companion animals such as dogs and
cats, exotic and/or zoo animals, laboratory animals including
mice, rats, rabbits, guinea pigs and hamsters; and poultry such
as chickens, turkey, ducks and geese.

[0076] Having provided a general description of the various
aspects of the invention, the following disclosure provides
examples illustrative of the invention, wherein Example 1
describes the materials and methods used in conducting the
studies reported herein, Example 2 discloses data establish-
ing the correlation of'y,34.5 deficient HSV replication and the
MAPK (e.g., MEK) phenotype of host cells, Example 3
reveals that an N-Ras mutation enables efficient replication of
R3616 mutant HSV virus in human fibrosarcoma cells;
Example 4 discloses that the inhibition of MEK by PD98059
(aknown MEK inhibitor) resulted in increased levels of PKR
phosphorylation, decreased viral protein accumulation, and
diminished replication of mutant HSV virus R3616; Example
5 discloses data showing that viral activation of PKR by
mutant HSV R3616 is suppressed in tumor cell lines that
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overexpressed constitutively active MEK, while expression
of dominant negative MEK increased PKR activation and
restricted R3616 viral replication; Example 6 establishes that
intratumoral inoculation of R3616 mutant HSV virus resulted
in tumor regression in tumors expressing caMEK, but not in
tumors expressing daMEK; Example 7 shows that the sys-
temic administration of a recombinant HSV virus R2636,
expressing the gC-Luc construct, targeted tumor tissue over-
expressing constitutively active ME}{; and Example 8
reveals that various routes of administration of mutant HSV,
including systemic delivery, are suitable for the treatment of
MEK-overexpressing tumors.

EXAMPLE 1

Materials and Methods

[0077] Molecular  Constructs—Constitutively — active
MEK-1-encoding (caMEK) and dominant negative MEK-1-
encoding (dnMEK) plasmids, designated pNC84 and
pNC92, respectively, were provided by J. Charron (Quebec,
Canada). Their constructions are detailed in Ref. 34, incor-
porated herein by reference. Briefly, coding sequences for
serine residues 218 and 222 of human wild-type MEK-1 were
mutated either to aspartic acid residues (D218S and D2228S),
creating a constitutively active, phosphomimetic mutant, or
to alanine residues (A218S and A2228) to create a dominant
negative-functioning kinase mutant. The mutant MEK-1
c¢DNAs contain an in-frame FLAG epitope at the N-terminus
under the transcriptional control of a CMV promoter in the
pCMV-Tag2b mammalian expression vector (Qiagen Inc.
Valencia, Calif.). Orientation and cDNA insert sequence were
confirmed by DNA sequencing.

[0078] Cell Culture—PC-3 and DU145 (human prostate
cancer), Panc-1, BxPc3, and MiaPaCa2 (human pancreatic
cancer) MCF7 and MDA-MB-231 (human breast cancer),
DLD-1 and WiDr (Colorectal cancer), Hep3B (human
hepatoma), Vero (Green Monkey Kidney) cell lines were
originally obtained from the American Type Culture Collec-
tion (Manassas, Va.). The Huh7 hepatoma cell line was origi-
nally obtained from J. R. Wands (Harvard Medical School,
Boston, Mass., USA). The HT1080 (human fibrosarcoma)
cell line containing one wild-type and one oncogenic (Q61K)
N-ras allele (1,40) was also obtained from the American Type
Culture Collection. HT1080 cells having lost the activated
mutant N-ras allele were obtained from E J, Stanbridge (Irv-
ine, Calit.) and have been described previously and published
as MCH603 (40). HT-caMEK and HT-dnMEK are clonal cell
lines constructed from the parental cell line HT 1080, a
human fibrosarcoma. The methods of transfection with
genetic constructs pNC84 and pNC92, which express consti-
tutively active and dominant negative MEK respectively, are
described in Smith et al., J. Virol. 80:1110-1120 (2006) and
Mansour et al., Biochem. 35:15529-15536 (1996), both
incorporated herein by reference. The above cell lines were
grown in DMEM (GIBCO/Invitrogen Corporation, Grand
Island, N.Y.)/10%FCS (Intergen, Purchase, N.Y.)/1% peni-
cillin-streptomycin at 37° C. and 7% CO,. HT-caMEK and
HT-dnMEK were grown in medium supplemented with 500
ng/ml of G418 (Geneticin, Gibco BRL).

[0079] For the experiments described in Example 9, PC-3
(human prostate cancer) cells were originally obtained from
the American Type Culture Collection (Manassas, Va.) and
grown in Dulbecco’s Modified Eagle’s Medium: Nutrient
Mixture F-12 (Life Technologies/Invitrogen Corp., Grand
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Island, N.Y.) supplemented with 10% fetal calf serum (Inter-
gen, Purchase, N.Y.) and 1% penicillin-streptomycin at 37°
C. and 7% CO,.

[0080] Viruses—HSV-1(F) is the prototype wild-type
HSV-1 strain (18). The derivation and properties of the
recombinant virus R3616, which lacks both copies of the
v,34.5 gene (11), and recombinant R2636 carrying the
luciferase gene driven by the glycoprotein C (gC) promoter
(gC-luc) in place of the y,34.5 gene, were reported in Naka-
mura et al. (ref. 38), and that description is incorporated
herein by reference.

[0081] Construction of recombinant viruses (e.g., R2660,
which carries caMEK driven by the glycoprotein C promoter
together with the luciferase gene driven by the immediate-
early CMV promoter (gC-caMEK/pCMV-Luc) in place of
the y,34.5 genes). The recombinant virus R2660 was con-
structed in two steps. The first step involved the replacement
of the thymidine kinase (TK) genes previously inserted in
place of both copies of the y,34.5 gene in the recombinant
virus R3659 with the pgC-caMEK/pCM V-Luc construct. The
pgC is the inducible promoter for the gC gene of HSV,
caMEK is a constitutively active MEK allele, pCMV is the
immediate-early Cytomegalovirus promoter, and Luc is the
gene encoding the enzyme luciferase, a marker. The proce-
dure has been described by Post et al., Cell 25:227-232
(1981). The transfer plasmid was constructed as follows.
Plasmid gC-pGL3 (Mezhir et al., Cancer Res. 65:9479-9484
(2005)) contained an HSV-1 glycoprotein C promoter
inserted in the SacI-Nhel sites upstream ofthe luciferase gene
in the pGL3 vector (Promega). The immediate-early CMV
promoter (pCMV) was excised from pRB5850 (Sciortino et
al., Proc. Natl. Acad. Sci. (USA) 99:8318-8323 (2002)) and
inserted into the Xhol-HindIII sites of gC-pGL3, placing it
upstream of the luciferase gene, giving rise to pPRB6031 (gC/
pCMV-Luc). The flag-tagged caMEK sequence was derived
from plasmid pNC84 as described in Smith et al., J. Virol.
80:1110-1120 (2006). pNC84 was digested with HindIII and
Kpnl restriction endonucleases, blunt-ended using Klenow
enzyme (Klenow fragment of DNA polymerase, as known in
the art), and religated. This step removed the Kpnl and Sall
sites from pNC84 to facilitate subsequent cloning. The result-
ant plasmid was digested with Notl and MIul restriction endo-
nucleases and blunt-ended using Klenow enzyme. The DNA
fragment containing flag-tagged caMEK sequence was puri-
fied using a Qiagen gel extraction kit and cloned into the Nhel
site of pRB6031, placing it downstream of the gC promoter.
This  plasmid (gC-caMEK/pCMV-Luc), designated
pRB6033, was digested with Kpnl and Sall restriction endo-
nucleases. The DNA fragment containing the gC-caMEK/
pCMV-Luc construct was purified using a Qiagen gel extrac-
tion kit, blunt-ended using the Klenow enzyme, and
subcloned into the BstEII site of plasmid pRB3616. pRB3616
contains the HSV-1 BamHI S fragment with a deletion
extending from the BstEII to the Stul site in the y,34.5 gene
(Chou et al., Virol. 68:8301-8311 (1994)). The resultant plas-
mid was designated pRB6035. Recombinant virus R2653
was constructed as follows. Rabbit skin cells were transfected
with R3659 viral DNA together with transfer plasmid
pRB6035 containing the gC-caMEK/pCMV-Luc construct
using Lipofectamine reagent (Life Technologies). Cells were
harvested when they showed 100% cytopathic effect. The
progeny of transfection were plated on 143 TK™ cells in the
presence of bromodeoxyuridine to select for TK™ viruses.
Viruses replicating under these conditions were screened by
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PCR, as described herein. Positive candidates were purified
through four successive cycles of single plaque purification,
verified to express MEK and luciferase, and then amplified.
[0082] In the next step, the TK gene was restored at its
initial locus. Rabbit skin cells were cotransfected with R2653
(TK™ gC-caMEK/pCMV-Luc) viral DNA together with plas-
mid pRB103 carrying an HSV-1 TK gene in the BamHI Q
fragment (Post et al., Proc. Natl. Acad. Sci. (USA) 77:4201-
4205 (1980)). The progeny of transfection were plated on 143
TK™ cells in the presence of hypoxanthine/aminopterin/thy-
midine media to select for TK* viruses. Viruses replicating
under these conditions were first screened by PCR, as
described herein. Viruses repaired to contain the TK gene
were purified through four successive cycles of single plaque
purification, and then amplified. Viral stock R2660 (TK™*
gC-caMEK/pCMV-Luc) was prepared and titered on Vero
cells.

[0083] Screening for recombinants by PCR. DNAs from
virus plaques grown on Vero cells were subjected to PCR
analyses (40 cycles of 95° C., 1 minute, 55° C. for 1 minute,
68° C. for 4 minutes) using pfu polymerase in 50 pl reaction
mixtures with the following primers for initial screening of
the MEK viruses. Primers A(gagtggttacgcgeggegeg; SEQ ID
NO:19) and MEK (gcagagcetggtcecgttaactg; SEQ ID NO:20)
amplified 1213-bp fragment while primers B (gcactactcge-
ctetgeacg; SEQ ID NO:21) and Luc2 (cgctgaattggaatccatcttg;
SEQ ID NO:22) amplified 700-bp fragment from gC-MEK/
CMV-Luc viruses. Primers TK1 (ccgegtttatgaacaaacg; SEQ
ID NO:23) and TK2 (gcagatcttggtggegtg; SEQ 1D NO:24)
were used (35 cycles 0of 95° C., 1 minute/60° C., 1 minute/72°
C., 3 minutes) for screening of viruses exhibiting a repaired
TK (i.e., TK* at the TK locus) gene.

[0084] Construction of stable cell lines—Mutant FLAG-
tagged caMEK-1- or dnMEK-containing plasmids were
transfected into replicate cultures of HT1080 or MiaPaCa2
cells on 60 mm dishes using Superfect Reagent (Qiagen Inc.
Valencia, Calit.). Briefly, 5 ug of plasmid DNA was diluted in
300 pl of serum and antibiotic free DMEM, complexed with
Superfect (20 pl) reagent for 10 minutes at room temperature
and added to cells at 37° C. for 6 hours, after which medium
was removed and replaced with DMEM containing 10% calf
serum. After 24 hours of incubation, the cells were harvested,
suspended in 5 ml of DMEM medium containing 10% FCS
and 1 ml of this cellular suspension was grown on separate
100 mm dishes in a total volume of 10 ml of DMEM contain-
ing 10% calf serum supplemented with antibiotics (e.g., peni-
cillin and streptomycin, each at conventional concentrations
well-known in the art) and 800 pg/ml of G418 (Geneticin
[Gibco BRL]). Medium containing (G418 was replaced every
four days until approximately 2 weeks after culture initiation,
when cell colonies were visible and could be selected for
clonal expansion using sterile cloning cylinders, as described
in Gupta et al. (ref 22), which is incorporated herein by
reference. The level of FLAG-MEK expression was assessed
by immunoblotting 20 pg of equilibrated lysates from iso-
lated clones using a monoclonal antibody to the FLAG
epitope (Sigma Chemical Co,. St. Louis, Mo.). Clonal trans-
fectants derived from the HT1080 parent cell line, designated
HT-caMEK and HT-dnMEK, and from the MiaPaCa2 parent
cell line, designated Mia-caMEK and Mia-dnMEK, with
equivalent levels of FLAG-MEK expression, were chosen for
further analysis.

[0085] Viral Infection—Cells were seeded onto 60 mm
dishes at 1x10° cells per dish. The next day cells were gen-
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erally exposed to the viruses (1 or 10 plaque forming units per
cell (PFU/cell)) for 2 hours at 37° C. and then removed and
replaced with medium containing 1% calf serum. The infec-
tion continued at 37° C. for the length of time indicated for
each experiment. Cells were either labeled for de 110V0
protein synthesis, harvested for immunoblotting, or collected
for assaying viral recovery on Vero cell monolayers as previ-
ously described in Chou et al. (ref 11), incorporated herein by
reference.

[0086] [*°S]Methionine Labeling—For metabolic labeling
experiments, at 11 hours post-infection cells were washed
once in warm medium 199V containing 1% calf serum lack-
ing methionine (Sigma Chemical Co., St. Louis, Mo.) and
incubated for an additional hour in 199V methionine-free
medium after which cells were overlaid with medium 199V
lacking methionine but supplemented with 100 uCi of [*°S]
methionine (specific activity, >1000 Ci/mmol; Amersham
Pharmacia Biotech) per ml and incubated for an additional
two hours. The cells were then harvested at 14 hours post-
infection, solubilized in lysis buffer [20 mM Tris (pH 7.5),
150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1% Triton X-100,
2.5 mM sodium pyrophosphate, 1 mM]-glycerolphosphate,
100 uM sodium orthovanidate, 1 pg leupeptin per ml and 1
mM PMSF], sonicated for 10 seconds, and insoluble material
was removed by centrifugation. Total protein from the super-
natant was quantified by the Bradford method (BioRad Labo-
ratories, Hercules, Calif.) and 20 pg of equilibrated protein
was subjected to electrophoresis in denaturing 12% (vol/vol)
polyacrylamide gels, transferred to Polyvinylidene Difluo-
ride membranes (PVDF; Millipore Corporation, Bedford,
Mass.) and subjected to autoradiography.

[0087] Immunoblotting—FExperiments to analyze the
accumulation of viral proteins and phosphorylation of ERK,
PKR and elF-2a were performed on whole-cell lysates har-
vested on ice at either 12 or 14 hours post-infection with lysis
buffer, sonicated for 10 seconds, and clarified by centrifuga-
tion. Total protein from the supernatant was quantified by the
Bradford method and 20 pg of equilibrated protein was sub-
jected to electrophoresis in 12% or 7.5% (vol/vol) denaturing
polyacrylamide gels, transferred to PVDF membranes (Mil-
lipore Corporation), blocked, and reacted with primary anti-
body followed by appropriate secondary antibody.

[0088] Antibodies—Polyclonal antibodies to the total and
phosphorylated forms of PKR (Thr446), eIF-2a. (Ser51), and
ERK (Thr202/Tyr204) were purchased from Cell Signaling
Technology (Beverly, Mass.). Polyclonal antibody to ICP27
was purchased from Santa Cruz Biotechnology (Santa Cruz,
Calif.). Monoclonal antibody to Glycoprotein C was pur-
chased from Fitzgerald Industries International, Inc. (Con-
cord, Mass.). Antibodies to Us11 and UL42 were described in
refs. 43 and 45, each incorporated herein by reference for the
relevant description. Secondary antibodies (Cell Signaling
Technology, Beverly, Mass.) were conjugated to horseradish
peroxidase. Protein bands were visualized using SuperSignal
West Pico Chemiluminescent Substrate (Pierce Biotechnol-
ogy, Rockford, I11.).

[0089] Inhibitor studies—For experiments employing the
known MEK inhibitor, PD98059, HT1080 cells were starved
over night in serum-free medium and then exposed to 40 uM
of PD98059 (EMD Biosciences, San Diego, Calif.), or
DMSO (1:1000 dilution) 6 hours prior to, and during, infec-
tion. At 12 hours post-infection, whole cell lysates were cre-
ated as described above for immunoblotting.
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[0090] In vitro viral recovery—Cells were exposed to
viruses (1 plaque forming unit per cell (PFU/cell)) for 2 hours
in serum-free medium at 37° C., after which the supernatant
was aspirated and cells were overlaid with 2 ml of DMEM
containing 1% calf serum and incubated at 37° C. At 36 hours
post-infection, 2 ml of sterile skimmed milk was added to
triplicate samples and plates were frozen at -80° C. Frozen
cell suspensions were thawed and sonicated three times for 15
seconds each and titered on Vero cells.

[0091] HTcaMEK, HTdnMEK xenograft regression stud-
ies—HT-dnMEK and HT-caMEK tumor xenografts were
established in the right flank of 5- to 6-week-old female,
athymic nude mice (Fredrickson Cancer Research Institute,
Bethesda, Md.) by injection of 107 cells in 100 ul of warm
phosphate-buffered saline. After one week, tumor xenografts
grew to approximately 250 mm® and were randomized to 7
animals per treatment group. Mice were injected intratumor-
ally with 5x10°PFU of R3616 using a Hamilton syringe.
Tumor xenografts were measured biweekly with calipers and
tumor volumes were calculated with the formula (1xwxh)/2,
which is derived from the formula for an ellipsoid (T™d*)/g
24).

[0092] For the studies described in Example 8, tumor
xenografts in athymic nude mice were established by hind-
limb injection of 5x10° HT-caMEK, HT-dnMEK, Hep3B, or
PC-3 tumor cells. At a mean volume of 115-150 mm?, the
tumors were treated on days 0 and 5 by administration of
R3616 via intratumoral injection of 5x107 PFU or intraperi-
toneal injection of 10°, 107, or 10® PFU of R3616 recombi-
nant virus. Tumor xenografts were measured twice weekly
with calipers. Tumor volume was calculated with the formula
(1xwxh)/2, derived from the formula for the volume of an
ellipsoid (d3/g). Tumor growth was measured at each time
point by calculating the ratio of tumor volume (V) to initial
tumor volume (VO0).

[0093] In vivo tumor xenograft regression studies. For the
experiments described in Example 9, bilateral tumor
xenografts were established in 15 athymic nude mice (Fre-
drickson Cancer Research Institute, Bethesda, Md.) by sub-
cutaneous injection into each hindlimb of 5x10° PC-3 tumor
cells in 100 ul. of PBS. Eight days after inoculation, with
initial tumor volumes of 260+41 mm?®, mice were either
treated by bilateral intratumoral injection of 1x107 plaque-
forming units (pfu) of R2660 (10 mice) or left untreated (5
mice). On day 1, 24 hours following viral injection, the right
hindlimb tumors of all 15 mice were exposed to ionizing
radiation (IR) at a dose of 20 Gy using a Philips orthovoltage
x-ray generator (Philips Medical Systems, Bothell, Wash.)
operating at 250 kV and 15 mA. Mice were restrained in
plexiglass shields and all areas except the tumor-bearing
hindlimb were shielded with lead. Xenografts were measured
ondays0, 5,7,9,12, and 15 with calipers. Tumor volume was
calculated using the formula V=(Ixwxh)/2, derived from the
formula for the volume of an ellipsoid, 7d*/6. Tumor growth
was measured at each time point by calculating the ratio of
tumor volume V to initial tumor volume V,,.

[0094] Bioluminescence Imaging—HT-dnMEK and HT-
caMEK tumor xenografts were established in the left and
right hind limbs, respectively, of athymic nude mice by injec-
tion of 1x10' cells in 100 pl of warm phosphate-buffered
saline. All animal studies were performed in accordance with
The University of Chicago Animal Care and Use Committee
standards. Once tumors grew to an average volume of 350
mm?®, 9x10® PFU of virus R2636 in a total volume of 100 ul
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were injected intraperitoneally (IP) using a 30-gauge needle.
At 5 days after IP injection, imaging of firefly luciferase in
mice was performed on a charge-coupled device camera
(Roper Scientific Photometrics, Tucson, Ariz.). Animals were
injected IP with 15 mg/kg body weight with D-luciferin (Bi-
otium, Hayward, Calif.). After 5 minutes, animals were anes-
thetized with IP injection of ketamine (75 mg/kg) and xyla-
zine (5 mg/kg) for imaging, which was performed 10 minutes
after the injection of D-luciferin.

[0095] Again for the studies described in Example 8, HT-
dnMEK and HT-caMEK xenografts were established in the
right hindlimb of athymic nude mice by injection of 5x10°
cells. At initial tumor volumes of 17560 mm® for
HT-caMEK and 131%22 mm? for HT-dnMEK, mice were
injected with either intratumoral (5x107 PFU) or intraperito-
neal (IP) (10® PFU) R2636. Animals were imaged on days 1,
3, 8, 12, and 22 following viral injection. Imaging was per-
formed on a charge-coupled device camera (Roper Scientific
Photometrics, Tucson, Ariz.). On days of imaging, animals
were injected IP with D-luciferin (Biotium, Hayward, Calif.)
at a dose of 15 mg/kg of body weight. After 5 minutes,
animals were anesthetized with IP injection of ketamine (75
mg/kg) and xylazine (5 mg/kg) for imaging, which was per-
formed 10 minutes after injection of D-luciferin.

[0096] Quantification of bioluminescence imaging data—
The relative intensity of transmitted light from animals
infected with virus R2636 are represented as pseudocolor
images with intensity ranging from low (blue) to high (red).
Gray-scale images were superimposed on the pseudocolor
images using MetaMorph image analysis software (Fryer
Company, Huntley, I11.). Data for total photon flux were cal-
culated using area under the curve analysis (MetaMorph).

EXAMPLE 2

Correlation of y,34.5 Deficient HSV Replication and MEK
Phenotype of Host Cells

[0097] The replication of R3616 (Ay,34.5) mutant virus in
human tumor cell lines is cell line dependent and correlates
with constitutive activation of MEK. Replicate cultures of 13
cell lines derived from human tumors were exposed to R3616
(1 PFU/cell). The cells were harvested at 36 hours post-
infection and viral yields were measured by plaque assays on
Vero cell monolayers. As shown in FIG. 1, the yields of
R3616 mutant virus were variable, ranging from 1x10* to
3x107 PFU/ml. To determine whether the variability in virus
yields was reflected in the accumulation of viral proteins,
cultures of human tumor cell lines were exposed to R3616 (10
PFU/cell). Vero cells were included as an example of a non-
malignant cell type that supports replication of y,34.5 defi-
cient viruses. At 11 hours post-infection, the cells were
rinsed, starved of methionine for one hour, and then incubated
in methionine-free medium supplemented with 100 pCi of
[>°S] methionine per ml for two additional hours. At 14 hours
post-infection, 20 pg of equilibrated protein lysates were
electrophoretically separated in denaturing polyacrylamide
gels, transferred to a PVDF membrane, and exposed to auto-
radiography film. As shown in FIG. 2, panel A, the accumu-
lation of viral proteins was reduced in cell lines that restricted
viral replication compared to cell lines where viral yields
were abundant.

[0098] To correlate the differences in the accumulation of
viral proteins with the activation of PKR, replicate cultures of
cell lines shown in FIG. 2, panel A, were exposed to R3616
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(10 PFU/cell) for 14 hours. Lysates were harvested and 20 pug
of equilibrated whole-cell lysate were electrophoretically
separated in denaturing polyacrylamide gels, transferred to
PVDF membranes, and reacted with antibody specific for the
phosphorylated form of PKR in which Thr446 is phosphory-
lated. As shown in the upper panels of FIG. 2, B, PKR phos-
phorylation was elevated in the cell lines which yielded
reduced viral protein accumulation (e.g., PC-3, MCF-7) and
lowest in cell lines that exhibited increased levels of viral
protein accumulation (e.g., HT1080, Panc-1, Hep-3B, Vero),
while total PKR levels were similar.

[0099] The presence of known activating mutations within
the commonly mutated oncogenic (K-, H-, N-Ras) isoforms
of Ras, however, did not directly correlate with the observed
differences in viral recovery from the representative cell lines
identified in FIG. 1. Therefore, the constitutive activity of the
downstream effectors of Ras, MEK and its substrate, ERK,
which when inhibited results in the loss of the inhibitory
functions of Ras on PKR (19), were examined. To determine
endogenous constitutive MEK activity, uninfected cells were
plated to confluence, serum-starved for 12 hours, and then
immunoblotted for the phosphorylated and total forms of the
MEK substrate, p42 and p44 MAPK (ERK2 and ERKI,
respectively), see FIG. 2 B, lower panels. Cell lines that
demonstrated increased protein synthesis and suppressed
PKR activation following infection with mutant R3616 dem-
onstrated elevated baseline levels of ERK phosphorylation. In
contrast, cancer cell lines that demonstrated PKR activation,
inhibited protein synthesis, and decreased viral recovery fol-
lowing infection with R3616 demonstrated decreased or
undetectable levels of ERK phosphorylation.

EXAMPLE 3

N-Ras Mutation Enabled Efficient Replication of R3616
Mutant Virus in Human Fibrosarcoma Cells

[0100] To test the hypothesis that Ras/Raf/MEK/MAPK
(ERK) signaling suppresses PKR function, replication of
R3616 mutant virus in two human fibrosarcoma cell lines that
differ only by the expression of an oncogenic mutant allele of
N-Ras were measured. HT1080 cells contain an endogenous
activating mutant allele of N-Ras, whereas the MCH603 cell
line, a variant of HT1080 cells in which the mutant allele has
been deleted, contains only wild-t e N-Ras (40). Activated
MEK is a prerequisite for the Ras-dependent aggressive tum-
origenic phenotype of HT1080 cells and the two cell lines
differed dramatically in the constitutive levels of MEK acti-
vation, as well as in activation levels of downstream members
of the Ras signaling pathway (21). The viral yields of HSV-
1(F) and R3616 (1 PFU/cell) at 36 hours post-infection are
shown in FIG. 3. The results led to two significant observa-
tions. First, the yield of HSV-1(F) from the MCHG603 cell line
was approximately 10-fold lower than that obtained from
HT1080 cells (3.1x107compared to 3.5x10°), respectively.
Second, the yield of R3616 mutant virus in HT1080 cells was
similar to that of wild-type virus (1.8x10” versus 3.1x107),
indicating that y,34.5 function was not necessary during the
course of infection in this cell line. In contrast, the yield of
R3616 mutant virus was approximately 10-fold lower than
that of wild-type virus in MCH603 cells, with yields of 4.8x
10°compared to 3.5x105, respectively. Therefore, the pres-
ence of an activating N-Ras mutation enhanced the replica-
tion of both wild-type and mutant virus and that effect was
greater on the virus lacking a functional y,34.5 gene.
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[0101] To determine whether virus yields correlate with
overall levels of the accumulation of viral proteins, replicate
cultures of HT1080 or MCHG603 cells were mock-infected or
exposed to viruses R3616 or HSV-1(F) (10 PFU/cell). At 11
hours post-infection, the cells were rinsed, starved of
methionine for one hour, and then supplemented with 100
uCi/ml of [>*SJ methionine for two additional hours. At 14
hours post-infection, 20 pg of equilibrated protein lysates
were electrophoretically separated in denaturing polyacryla-
mide gels, transferred to PVDF membranes and subjected to
autoradiography. The results shown in FIG. 4 are congruent
with viral yields obtained from the two cell lines. Specifically,
the abundance of labeled proteins in MCHG603 cells infected
with wild-type virus was significantly greater than that
observed in the same cells infected with R3616 mutant virus,
with both of the MCH603 protein yields being lower than the
amounts of proteins accumulating in HT1080 cells infected
with either mutant or wild-type virus.

[0102] Lastly, the correlations of each of (1) virus yields
and (2) viral protein levels accumulating in infected cells with
each of (3) PKR activation and (4) phosphorylation of elF-
20, were assessed. Electrophoretically separated proteins of
lysates from cells infected with R3616 and HSV-1(F) (10
PFU/cell) were harvested at 14 hours post-infection and
probed with antibodies to PKR and the phosphorylated forms
of PKR (P-Thr446) and elF2a (P-Ser51). As shown in FIG. 5,
both PKR and elF-2a were phosphorylated in MCH603 cells
infected with R3616 mutant virus. In contrast, only trace
amounts of phosphorylated PKR and e[F-2c were detected in
infected HT1080 cells.

EXAMPLE 4

Inhibition of MEK by PD98059 Resulted in Increased Levels
of PKR Phosphorylation, Decreased Viral Protein Accumu-
lation and Diminished Replication of Mutant Virus R3616

[0103] To determine if MEK mediates the observed mutant
Ras-dependent suppression of PKR activation and resultant
accumulation of viral proteins in HT1080 cells infected with
mutant virus R3616, the relative expressions of representative
o (ICP27), B (U,42) and y2(glycoprotein C) viral proteins in
cells treated with a specific chemical inhibitor of MEK-1
(PD98059) were compared. Replicate cultures of HT1080
cells were serum-starved overnight prior to exposure to equal
volumes of DMSO or PD98059 (40 uM) for 6 hours prior to
infection with R3616 mutant virus (10 PFU/cell). DMSO or
drug treatment was then continued until the cells were har-
vested at 12 hours post-infection. The cells were then lysed
and the lysates were subjected to electrophoresis in denatur-
ing polyacrylamide gels, followed by transferring to PVDF
membranes and reacting with antibody to ICP27, UL42, or
gC. Asshown in FIG. 6, panel A, treatment with PD98059 had
a slight effect on the accumulation of ICP27 and ULA42 pro-
teins but a very dramatic decrease in the amounts of gC that
accumulated in }{T1080 cells infected with R3616. To test
whether the decrease in the accumulation of gC correlated
with activation of PKR, the electrophoretically separated
lysates were also probed with antibody to the auto-phospho-
rylated form of PKR (P-Thr446). The presence of PD98059
prior to, and during, infection with R3616 increased the
amount of activated PKR in HT1080 cells (FIG. 6, panel B).
[0104] These results are consistent with the earlier report
that in wild-type virus-infected cells, PKR activation is con-
current with the onset of viral DNA synthesis and enhanced
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transcription of late genes. In R3616 mutant virus-infected
cells, the phosphorylation of elF-2a by PKR causes a signifi-
cant reduction of viral proteins whose accumulation is depen-
dent on viral DNA synthesis (14). In contrast, viral proteins
whose synthesis is not dependent on the onset of viral DNA
synthesis (e.g., ICP27, UL42 protein) were minimally
affected by the activation of PKR.

[0105] Finally, to determine if MEK inhibition affects viral
replication, DMSO or PD98059 (40 uM) was added to repli-
cate cultures of HT1080 cells 6 hours prior to, and during,
infection with R3616 (1 PFU/cell). The cells were harvested
at 36 hours post-infection and viral yields were measured by
plaque assays on Vero cell monolayers. In the presence of
PD98059, the yield of R3616 mutant virus was approxi-
mately 15-fold lower than in the presence of DMSO (4.14x
10° compared to 1.67x10°PFU/ml).

EXAMPLE 5

[0106] Viral Activation of PKR by Mutant R3616 is Sup-
pressed in Tumor Cell Lines that Overexpressed Constitu-
tively Active MEK, while Expression of Dominant Negative
MEK Increased PKR Activation and Restricted R3616 Viral
Replication

[0107] To study the potential relationship between MEK
kinase activity and PKR activation in R3616-infected cancer
cells, cell lines were created that stably express either a con-
stitutively activated mutant of MEK (caMEK) or a dominant
negative mutant of MEK (dnMEK) from two tumor cell lines
that differ dramatically in the magnitude of endogenous MEK
activity and the ability to support R3616 viral replication.
MEK is constitutively active in the HT1080 human fibrosar-
coma cell line. This cell line, as shown in FIG. 1-3, is also
highly permissive to R3616 viral replication and demon-
strates suppressed viral activation of PKR. In contrast, the
MiaPaCa2 cell line, which is derived from a patient with
poorly differentiated malignant pancreatic adenocarcinoma,
contains oncogenic K-Ras mutations in both alleles but dem-
onstrates nearly undetectable levels of constitutively active
MEK (50). The MiaPaCa2 cell line severely restricts R3616
viral replication and demonstrates robust PKR activation dur-
ing R3616 viral infection.

[0108] Mutant cDNAs of human MEK-1 containing muta-
tions in serine codons at amino acid positions 218 and 222
that resulted in codons encoding negatively charged aspartate
residues have been generated. These mutations mimic the
effect of phosphorylation at positions 218 and 222, resulting
in constitutive activation of MEK-1 (MAPK—Xkinase) func-
tion (27). In contrast, alanine substitutions at the same resi-
dues functionally block phosphorylation by upstream
MAPK-kinase-kinases (MAPKKKs), resulting in down-
regulation of endogenous MAPK activity (34). Plasmids,
designated pNC84 and pNC92, containing the respective
N-terminal FLAG-tagged [Asp218, Asp222 MEK-1] or
[Ala218 and Ala222 MEK-1] cDNAs under the transcrip-
tional control of a CMV promoter and the neomycin resis-
tance gene, were used to select for G418 resistance, FLAG-
MEK expressing clonal transfectants as described in
Example 1.

[0109] Asshownin FIG. 7, when the mutant MEK -express-
ing HT1080 stable cell lines were infected with mutant
R3616 (10 PFU/cell), there were appreciable differences in
cytopathic effects (CPE). HT-caMEK cells exhibited CPE at
12 hours post-infection while HT-dnMEK-expressing cells
did not. Both cell lines, however, exhibited CPE upon infec-
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tion with HSV-1(F) (10 PFU/cell). Next, viral recoveries were
compared from the stable transfectants generated from
HT1080 and MiaPaCa2 cells after exposure of the cells to 1
PFU of R3616 virus per cell. There was a greater than 200-
fold increase in viral titer in R3616-infected caMEK cells
compared with dnMEK cells, i.e., 1.18x10° compared to
1.46x10® PFU/ml for the HT1080 transfectants (caMEK v.
dnMEK, respectively), and 1.05x10° compared to 1.10x
10’PFU/m1 for the MiaPaCa2 transfectants (caMEK v.
dnMEK, respectively). See FIG. 8, panels A and C.

[0110] Lastly, three series of experiments were done to
determine whether the enhancement of replication of the
R3616 mutant virus in caMEK cells correlated with increased
accumulation of viral proteins and inhibition of PKR activa-
tion. In the first experiment, daMEK- and caMEK -expressing
cell lines and their respective parent cell lines were exposed to
10 PFU per cell of mutant virus R3616 (FIG. 8). The cells
were harvested 12 hours post-infection, solubilized, sub-
jected to electrophoresis in denaturing polyacrylamide gels
and reacted with antibodies to PKR, eIF-2c and the phospho-
rylated forms of PKR (P-Thr446) and elF-2a (P-Ser51),
respectively. Baseline differential MEK activities in unin-
fected dnMEK- and caMEK-expressing cells and the parental
cell lines were established by immunoblotting whole-cell
lysates with antibody to ERK1/ERK2 and the phosphorylated
form of ERK1/ERK2 (P-Thr202 and P-Tyr204, respectively),
see Panels B-1 and D-1 of FIG. 8. As shown (Panels B-3 and
D-2 of FIG. 8), levels of phosphorylated PKR and elF-2a
were higher in dnMEK-expressing lines infected with the
R3616 mutant virus as compared with the parental cell line or
the caMEK-expressing cell lines. Conversely, activated PKR
was nearly undetectable in caMEK-expressing cells infected
with the R3616 mutant virus.

[0111] In the second series of experiments, electrophoreti-
cally separated lysates of caMEK - or dnMEK-expressing cell
lines that had been infected with the R3616 mutant virus and
processed as described above were reacted with antibody to a
(ICP27) and y2 (glycoprotein C) proteins. As shown in Panel
B-7 and Panel D-4 of FIG. 8, the accumulation of ICP27 was
similar in both the stably transfected mutant cell lines and the
parental cell lines, suggesting that the expression of MEK-1
mutants did not significantly affect the accumulation of
ICP27, a protein expressed prior to the onset of viral DNA
synthesis. However, consistent with the result shown in FIG.
6 with chemical inhibition of MEK, the accumulation of gC
was markedly decreased in daMEK-expressing cell lines at
12 hours post-infection, compared with the parent or caMEK-
expressing stable cells (Panel B-8 and Panel D-5 of FIG. 8).
[0112] Lastly, caMEK- or dnMEK-over-expressing
HT1080 cell lines were exposed to 10 PFU of virus HSV-1(F)
or mutant R3616. At 11 hours post-infection, the cells were
rinsed, starved of methionine for one hour, and then supple-
mented with 100 pCi/ml of [>*S] methionine for two addi-
tional hours. At 14 hours post-infection, 20 pg of equilibrated
protein lysates were electrophoretically separated in denatur-
ing polyacrylamide gels, transferred to PVDF membranes,
and exposed to autoradiography film. As shown in FIG. 9, the
accumulation of labeled proteins was similar in HT-caMEK
(lane 5) and HT-dnMEK (lane 6) cells during infection with
HSV-1(F). In contrast, the accumulation of labeled proteins in
HT-dnMEK cells (lane 4) was diminished compared with
HT-caMEK cells (lane 3) infected with the R3616 mutant
virus.

EXAMPLE 6

[0113] Intratumoral Inoculation of R3616 Mutant Virus
Resulted in Tumor Regression in Tumors Expressing caMEK
but Not in Tumors Expressing daMEK
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[0114] To determine if differential replication correlated
with a reduction of tumor size, we measured tumor volumes
of untreated and R3616-treated HT-caMEK and HT-dnMEK
tumor xenografts. HT-daMEK and HT-caMEK tumor
xenografts were grown to an average volume of 250 mm?> and
injected with a single dose of 5x107 PFU of R3616 or buffer
on day 0. At 31 days after infection by the R3616 mutant
virus, only %7 animals had a palpable HT-caMEK tumor (100
mm?), in comparison to untreated HT-caMEK tumors, which
averaged (43004/-730 mm® (standard error of the mean
(SEM))). In contrast, all (7/7) of the HT-dnMEK tumors were
palpable, with an average tumor volume of (830+/-SEM 210
mm?®) and untreated HT-daMEK tumor volumes averaged
(4000+/-SEM 660 mm®).

EXAMPLE 7

[0115] Systemic Administration of a Recombinant Virus
R2636 Expressing the gC-Luc Construct Targeted Tumor
Tissue Over-Expressing Constitutively Active MEK

[0116] To determine whether differential MEK activity
confers tumor-selective viral replication upon systemic deliv-
ery of a y,34.5-deficient virus, bilateral hindlimb tumor
xenografts were grown by injecting the left and right hind-
limbs of athymic nude mice with 5x10° cells of the HT-
dnMEK and HTcaMEK cell lines, respectively. In order to
image viral replication in vivo, mutant HSV R2636 was used,
which is y,34.5-deficient virus that expresses the firefly
luciferase gene under the transcriptional control of the HSV-1
gC-promoter, a representative y promoter (37). In tissue that
restricts viral replication, the accumulation of the firefly
luciferase gene product expressed with the kinetics of a y
gene, such as gC, would be decreased over successive repli-
cative cycles by PKR-mediated shutoff of protein synthesis.
However, a Ay,34.5 mutant virus-infected, caMEK-xe-
nografted, tumor cells, which support viral replication and gC
expression, was expected to support R2636 replication and
express gC-luciferase enzyme activity. At 5 days after IP
delivery of R2636, bioluminescence localized to the right
hindlimb, which corresponded to the caMEK-xenogratted
tumor (3,692 photons/mm?/sec) while the dnMEK tumor
xenograft demonstrated 95-fold less photon expression (39
photons/mm?/sec). Also, there was no detectable biolumines-
cence outside of the caMEK-expressing tumors by 5 days
post-IP injection (FIG. 10).

EXAMPLE 8

Comparative Study of Intratumoral and Systemic Delivery of
Virus

[0117] A series of experiments was designed to compare
the intratumoral and systemic delivery of genetically engi-
neered virus on tumor xenografts derived by injection of
isogenic tumor cells differing with respect to ectopically-
expressed MEK activity. General experimental techniques
employed have been described in Example 1, above. Tumor
xenografts were established by injecting 5x10% HT-caMEK
or HT-dnMEK tumor cells into the hindlimbs of athymic nude
mice. At a mean volume of 115+13 mm?, the tumors were
treated on days 0 and 5 by administration of R3616 via intra-
tumoral injection of 5x107 PFU or intraperitoneal injection of
10%, 107, or 10® PFU of R3616 recombinant virus. Tumor
xenografts were measured twice weekly with calipers. Tumor
volume was calculated with the formula (Ixwxh)/2, derived
from the formula for the volume of an ellipsoid. Tumor
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growth was measured at each time point from day 0 to day 19
by calculating the ratio of tumor volume (V) to initial tumor
volume (V). The results of these experiments are shown in
FIG. 12. In the HT-caMEK xenografts (FIG. 12A), intraperi-
toneal treatment with 2x10°, 2x107, or 2x10® PFU of R3616,
resulted in a significant dose-dependent tumor response by 19
days (V/V, of 9.1£1.9, 7.3+1.6, and 1.5+0.6, respectively)
compared to untreated HT-caMEK controls (V/V, 0f 14.5x1.
7) (p=0.0221, 0.0371, and 0.0007, respectively). In HT-dn-
MEK xenografts (FIG. 12B), no significant effect on tumor
growth was seen by day 15 with intraperitoneal administra-
tion of 2x10%, 2x107, or 2x10® PFU of R3616 (V/V, of
11.2+1.9, 10.4£1.6, and 9.6x0.6, respectively) compared to
untreated HT-dnMEK controls (V/V, of 9.1£3.1) (p=0.46,
0.35, 0.14, respectively). Intratumoral administration of 10®
PFU 0fR3616 in HT-caMEK xenografts resulted in a signifi-
cant anti-tumor effect with a V/V, of 3.2+1.1 by day 19
(p=0.0020). Intratumoral administration of 10® PFU of
R3616 in HT-dnMEK xenografts did not demonstrate a sig-
nificant anti-tumor effect with V/V, of 7.9x1.1 by day 15
(p=0.36). Thus, tumor xenografts genetically engineered to
express constitutively active MEK were susceptible to onco-
lysis following systemic delivery by intraperitoneal injection
ot R3616, while xenografts engineered to express dominant-
negative MEK activity were resistant to R3616 oncolysis.

[0118] In the second set of experiments, xenografts were
established in the hindlimbs of athymic nude mice consisting
of Hep3B cells, a human hepatoma cell line, and PC-3 cells,
a human prostate cancer cell line. As reported earlier, Hep3B
expressed high MEK activity whereas the PC-3 cells
expressed almost no MEK activity (Smith et al., J Virol
80:1110-1120 (2006)). Hep3B and PC-3 xenografts were
established in nude mice by hindlimb injection of 5x10° cells
per animal. Hep3B and PC-3 xenografts were grown to an
average volume of 1504 mm?>, and then treated on days O and
5 with either intratumoral injection of 5x10” PEU of R3616 or
intraperitoneal injection of 10°, 107, or 10® PFU of R3616.
Hep3B xenografts (FIG. 12C) demonstrated a dose-depen-
dent effect with intraperitoneal administration of 2x10°,
2x107, and 2x10®PFU of R3616 which resulted in V/V,, of
43£1.0, 3.2+0.5, and 1.4+0.3 at 18 days compared to
untreated Hep3B controls which reached a mean V/V, of
6.1x1 (p=0.2050, 0.0858, and 0.0135, respectively).

[0119] InPC-3 xenografts (FIG. 12D) there was no signifi-
cant difference between intraperitoneal doses of 2x10°,
2x107, and 2x10® PFU of R3616 (p=A2327, 0.0882, 0.2970,
respectively) and untreated control PC-3 xenografts by day
17. Intratumoral administration of 10® PFU of R3616 into
Hep3B xenografts (FIG. 12C) resulted in a V/V, of 1.1£0.2
(p=0.0130) by day 18. In PC-3 xenografts, intratumoral
administration of 10* PFU of R3616 did not result in a sig-
nificant antitumor effect with a V/V, of 8.9£2.2 (p=0.102)
(FIG. 12D). These results demonstrated that tumor regrowth
studies with natively high (Hep3B) and low (PC-3) MEK
activity tumors were similar to the results obtained with
tumors genetically engineered to express constitutively active
or dominant-negative MEK activity.

[0120] Luciferase imaging demonstrated increased viral
replication which localized to HT-caMEK tumors compared
to attenuated viral replication in HT-dnMEK tumors. R2636
is a y,34.5-deficient virus constructed from the R3616 back-
bone that expresses the firefly luciferase gene under the con-
trol of the late HSV-1 gC promoter. Using R2636, in vivo
imaging of viral replication was obtained. Detectable
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luciferase expression in tissues connotes active viral replica-
tion because gC-driven expression marks the expression of
late viral structural genes. Hindlimb xenografts were estab-
lished in nude mice by the injection of 5x10° cells of the
fibrosarcoma cell lines HT-caMEK or HT-dnMEK. At initial
tumor volumes of 175260 mm? for HT-caMEK and 13122
mm® for HT-daMEK, mice were injected with either intratu-
moral (5x107 PFU) or intraperitoneal (10° PFU) R2636. Ani-
mals were imaged on days 1, 3, 8, 12, and 22 following viral
injection.

[0121] InHT-caMEK xenografts that received intratumoral
injections (FIG. 13A), an increase in luminescence remained
localized to the hindlimb only. In HT-dnMEK xenografts
injected intratumorally, luminescence reached a plateau early
in the study and demonstrated much lower activity than their
HT-caMEK counterparts injected intratumorally (FIG. 13B).
HT-caMEK tumor-bearing mice (FIG. 13C) that received
intraperitoneal R2636 demonstrated an increase in lumines-
cence in the abdominal cavity (in the liver or spleen) on day 1
that disappeared by day 3 and remained absent up to the
conclusion of the study at day 22, while a steady increase in
luminescence was observed in the hindlimb bearing
xenografted tumors. HT-dnMEK tumor-bearing mice treated
by intraperitoneal R2636 (FIG. 13D) demonstrated a similar
increase in luminescence in the abdominal cavity, liver and
spleen, on day 1 and day 3, which abated by day 8 and
remained absent up to the conclusion of the study on day 22,
with no localization to the hindlimb xenografts. Lumines-
cence was measured and relative intensity quantified as total
photon flux (FIG. 14). HT-dnMEK tumors treated with either
intratumoral or intraperitoneal R2636 failed to demonstrate
significantly increased luminescence above the baseline
luminescence measured in untreated HT-dnMEK control
tumors.

[0122] To study intratumoral distribution of R3616 in HT-
caMEK tumors following IT or IP injection, xenografts were
harvested 5 days after treatment with either 5x10” PFU of
intratumoral or 10® PFU of intraperitoneal R3616. Immuno-
histochemistry (IHC) for HSV-1 antigen in HT-caMEK
xenografts injected intratumorally demonstrated viral repli-
cation along the needle track. (FIG. 15A). In contrast, HT-
caMEK xenografts treated by intraperitoneal injection dem-
onstrated a more diffuse pattern of viral distribution with
multiple foci of viral replication throughout the tumors. (FIG.
15B). No HSV-1 antigens were detected by IHC in HT-dn-
MEK xenografts 5 days following intratumoral or intraperi-
toneal injection. To examine recovery of R3616 from HT-
caMEK tumors following treatment with either intratumoral
or intraperitoneal R3616, HT-caMEK xenografts were har-
vested 5 days post treatment with either intratumoral 5x10”
PFU or intraperitoneal 10* PFU of R3616. Viral titers from
homogenized samples were determined by standard plaque
formation assays on Vero cell monolayers. Intratumoral
administration of 5x10”7 PFU of R3616 yielded a titer of
4x10°£1x10°PFU. Intraperitoneal administration of 10® PFU
of R3616 yielded a comparable titer of 2x10°£1x10°> PFU
(FI1G.16). No detectable levels of R3616 were recovered from
HT-dnMEK xenografts treated with either intraperitoneal 107
or 10° PFU at day 5.

[0123] Systemic delivery of R3616 was explored because
of'the observation that MEK activity suppressed PKR follow-
ing tumor cell infection with R3616 and thereby increased
viral recovery from tumors injected with the virus. Salient
observations on the systemic administration of HSV-1 arising
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from the studies reported herein are: i) R3616 demonstrated
greater oncolytic activity in xenografted flank tumors with
high levels of active MEK as compared with tumors that
expressed lower levels of active MEK. This finding held true
in human tumors genetically engineered to express constitu-
tively active MEK, as well as tumors that natively express
high MEK activity. ii) The superior oncolytic effects of
R3616 in high MEK-activity tumors are corroborated by in
vivo imaging studies with R2636, a y,34.5 mutant based on
the R3616 backbone in which the late viral promoter for gC
drives luciferase expression. In vivo imaging with R2636
demonstrated that systemic administration permitted y,34.5
mutant virus localization to constitutively active MEK
tumors with subsequent intratumoral viral replication. In con-
trast, in dominant-negative MEK xenografts, R2636 replica-
tion was diminished and systemic administration of R2636
did not lead to persistent intratumoral viral replication. iii)
Although equal amounts of virus were recovered from
caMEK-expressing tumors five days following intraperito-
neal administration as compared with intratumoral adminis-
tration, the kinetics of viral proliferation diftered, as reflected
by quantified bioluminescence imaging.

[0124] Although, intraperitoneal delivery of virus required
a two-fold higher dose compared to intratumoral injection to
achieve the same oncolytic efficacy, the data reported herein
establish that systemic delivery of R3616 effectively treated
metastases from these tumors. Also, assays of MEK activa-
tion and other kinases in tumors is expected to allow for
individualized targeted therapy with R3616 or similar
viruses, i.e., y,34.5 deficient HSV, including v,34.5 HSV.
Notably, anti-HSV-1 immune activity has not been reported
to limit the use of A;34.5 mutants in human trials to date. The
data disclosed herein indicate that y,34.5 mutant viruses will
be useful in the treatment of disseminated metastatic disease.
The following references, numbered 1-36 and 38-50, have
been cited throughout this disclosure and are hereby incorpo-
rated by reference in their entireties.

EXAMPLE 9

Therapeutic HSV Having a Broad Cancer Cell Host Range

[0125] They,34.5 mutants of HSV-1 have proven to be safe
for human intracerebral administration (Shah et al., J. Neuro-
Oncol. 6:203-226 (2003)) and have been effective in destruc-
tion of malignant glioma cells in a small fraction of patients
tested to date. The shortcoming of the mutant viruses for
cancer treatment stems from the observation that the virus
replicates only in cells in which the protein kinase R (PKR)
pathway is damaged or suppressed (Smith et al., J. Virol.
80:1110-1120 (2006)). Activation of the PKR pathway
results in the phosphorylation of the o subunit of the transla-
tion initiation factor eIF-2, induction of interferon, and shut-
off of protein synthesis (Chou et al., Proc. Nat. Acad. Sci.
(USA) 92: 10,516-10,520 (1995)). In most malignant glioma
tumors, PKR is either active or capable of being activated
after infection with HSV-1. The activation occurs relatively
early in infection and as a consequence viral genes are not
expressed. Disclosed herein are therapeutic viruses that over-
come the tumor genotype restriction to enable y,34.5 mutants
of HSV-1 to replicate and destroy malignant glioma cells
regardless of the status of the PKR pathway.

[0126] One feature of the therapeutic viruses disclosed
herein is the use of an inducible expression control element
(e.g., a promoter) operatively linked to a nucleic acid, e.g., a

Nov. 10, 2011

coding region, that, when expressed, leads to activation or an
increase in the activation of the MEK pathway. One contem-
plated class of inducible expression control element is the
inducible promoter. One type of inducible promoter that pro-
vided unexpectedly tight control of gene expression was the
radioinducible promoter. An exemplary radioinducible pro-
moter is the promoter for HSV gC. Exposure of tumors
infected with y,34.5 mutants of HSV-1 to ionizing radiation
(IR) resulted in earlier expression of y genes, higher virus
yields, and better spread of virus from the site of inoculation.
In addition, screens of numerous tumor cell lines for their
ability to support the replication of y,34.5 mutants of HSV-1
revealed that tumor cell lines vary over a 100-fold range with
respect to their ability to support the replication of these virus
mutants. In particular, viral yields of HSV R3616 (y,34.5)
ranged from a low of about 2x10* pfu/ml in PC-3 cells to a
high of about 107 pfu/ml in Hep3B cells. The cultures were
exposed to 0.1 PFU of virus per cell. Consistent with the
present disclosure, the PC-3 cell line was shown to contain
active PKR and phosphorylated elF-2a proteins. The out-
standing difference between tumor lines that supported viral
replication and those that did not was the state of protein
kinase R (PKR). In susceptible cell lines, PKR was not acti-
vated whereas in the resistant lines PKR was activated, lead-
ing to phosphorylated elF-2a. Experiments also revealed an
inverse correlation between the status of MEK kinase and
PKR activation. Importantly, a tumor cell line transformed
with a constitutively active mutant of MEK kinase yielded
higher titers of y,34.5 mutant than the parental cell line or a
cell line transformed with a dominant-negative form of MEK
kinase. The remaining problem was having MEK expressed
in healthy cells, thereby supporting HSV replication and
cytolysis. To solve this problem, a way needed to be found to
preclude MEK from being expressed in healthy tissues and to
restrict its expression to tumor cells. The solution involved
construction of a virus in which both copies of they,34.5 gene
were replaced by a constitutively active MEK kinase gene
driven by a radioinducible promoter, i.e., the HSV-1 gC pro-
moter. Copies of the luciferase gene driven by the immediate-
early CMV promoter (pCMV) were also incorporated in
these regions of HSV. The rationale for the design is that in
normal cells, PKR would be activated and the gC promoter-
driven MEK gene would not be expressed. In tumor cells
subjected to IR, the gC promoter would be activated, express
the constitutively active MEK kinase, and this in turn would
block activation of PKR. The expression of the luciferase
gene would signal the extent of viral gene expression inde-
pendent of exposure to IR.

[0127] The results of exposing the above-described HSV to
tumor xenografts is that a virus encoding a constitutively
active MEK kinase driven by an HSV gC promoter, in com-
bination with IR, blocked the growth of a tumor induced by
the most resistant tumor cell line identified to date. Virus
alone or IR alone was not able to block the growth of the
tumors, as described in greater detail below.

[0128] The materials and methods used in the experiments
described in this Example are described in Example 1, above.
In brief, the PC-3 tumor cells used to develop xenografts in
mice were cultured in DMEM Nutrient Mixture F. The HSV
R2660 was constructed in two steps using conventional
recombinant engineering techniques. Recombinants were
screened using PCR for the desired construct. Subcutaneous
injection of PC-3 cells into mouse hindlimbs was used to
develop tumor xenografts, which were monitored for tumor
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volume. Subsequent to tumor development, mouse hindlimbs
were allowed to go untreated, or were treated with either
x-radiation or a herpesvirus according to the disclosure, or
both x-radiation and a herpesvirus according to the disclo-
sure. Subsequently, tumor volumes were measured and the
results are presented in FIG. 17.

[0129] The results presented in FIG. 17 shows that in
untreated mice, the tumor volume increased 4.5 fold in 15
days. Tumor volume increased, albeit at a reduced rate, in
mice treated with virus alone or IR alone. The tumor volume
did not increase following administration of both virus and
IR. The p value for virus+IR compared to IR alone on Day 7
(first-day p value is less than 0.05) is 0.0394 for 2-tailed,
0.0197 for 1-tailed.

[0130] There are several important advantages attending
use of a herpesvirus containing an inducible expression con-
trol element (e.g., a radioinducible promoter such as pgC)
controlling expression of HSV-borne MEK in cancer therapy
compared to virus alone or radiotherapy alone. The first
advantage is that spatial and temporal control of viral repli-
cation and oncolysis can be obtained in that viral replication
can be confined principally to the tumor bed because the
technology of radiation delivery enables a high tumor tissue-
to-normal tissue ratio of radiation delivery. The second
advantage is that in clinical situations where the number of
installations of virus is limited by location, e.g., brain tumors,
repeated doses of radiation may re-induce viral replication as
the viral titer decreases following the first burst of radiation-
induced viral replication A third advantage is that the activa-
tion of MEK in tumors that do not express high titers of MEK
allows for a broader use of herpesvirus-based (e.g., HSV-1)
therapies since a virus which does not encode MEK would not
robustly replicate in a tumor that lacks sufficient MEK activ-
ity. The use of the therapeutic herpesvirus constructs dis-
closed herein, such as gC MEK HSV-1, enables “personal-
ized cancer therapy” because the tumor can be assayed and an
appropriate choice of viral vector can be specifically
employed depending on the tumor genotype. A fourth advan-
tage is that tumor cells that are radio-resistant are not neces-
sarily resistant to viral oncolysis and cells that are resistant to
the virus, either because of intrinsic cellular mechanisms or
because they are not reached by the virus, are not necessarily
radio-resistant. Therefore, it is expected that the combination
therapy involving herpesvirus and IR, particularly suited to
the use of radioinducible expression control of virus-borne
MEK, will lead to at least an additive effect, and perhaps a
synergistic effect, on tumor stasis and/or destruction based on
the different mechanisms of tumor cell killing as well as on
the genotype-specific spatial and temporal control of gene
therapy.

[0131] Radioinducible expression control has been exem-
plified herein using the gC promoter as a radiation-inducible
promoter. Various forms of radiation may be used alone or in
combination to effect the induction, including but not limited
to protons, neutrons, radioisotopes (a, f and y emitters) and
ultraviolet radiation. It is known (see Mezhir et al., Cancer
Res. 65:9479-9484 (2005)) that other herpesvirus late gene
promoters (e.g., the promoter for US11) are also inducible.
The HSV genome has a large number of late genes whose
promoters would be suitable for radiation-induced activation
of MEK or of other genes in the MEK pathway useful in
ensuring a MEK* phenotype in tumor cells. A list of late
genes has been published (Roizman et al., “The replication of
Herpes simplex viruses” In Fields® Virology, 5th Edition,
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Knipe, Howley, Griffin, Lamb, Martin, Roizman, and Straus,
Editors, Lippincott-Williams and Wilkins, New York, N.Y.,
pp- 2501-2601 (2007)). Further, a variety of other radioinduc-
ible promoters are contemplated for use in the herpesvirus
constructs according to the disclosure. For example, the
radioinducible promoter may be an Egr-1 promoter, a c-JUN
promoter, a TNF-a. promoter, an MDR I promoter, a tPA
promoter, a recA promoter, a p21 (WAF1) promoter, a
CMVIE promoter, an SV40 promoter, a pE9 promoter, a
survivin promoter, an IEX-1 promoter and a PKC promoter.

[0132] The expression control element, such as the above-
described radioinducible promoter, is operatively linked to a
coding region for a polypeptide of the MEK pathway. Such
polypeptides include, but are not limited to, polypeptide in the
MEK pathway is selected from the group consisting of
MEK1, MEK2, ERK1, ERK2, Raf-1, A-Raf, B-Raf, mos,
Tpl-2, K-Ras, H-Ras and N-Ras. In addition, nucleic acids
encoding variants of these polypeptides are contemplated for
inclusion in the constructs according to the disclosure. Exem-
plary variants include, but are not limited to, K-Ras V12,
K-RasD12,K-RasG12,H-RasV12,K-Ras D13, N-RasV12,
Raf S338A, Raf S339A, B-Raf V60OE, Raf-CAAX, Raf
BXB, AN3MKK1 S218E/S222D, AN3MKK2 S218E/
S222D, ERK2 E58Q, ERK2 D122A, ERK2 S151A, ERK2
S221A, ERK2 S151D ERK L73P and a full-length MEK-
ERK fusion. Alternative expression control elements, e.g.,
promoters, are inducible by chemotherapeutic agents, that
include, but are not limited to, (a) an alkylating agent, such as
a nitrogen mustard (e.g., mechlorethamine, cylophospha-
mide, ifosfamide, melphalan, chlorambucil), ethylenimine or
a methylmelamine (e.g., hexamethylmelamine, thiotepa), an
alkyl sulfonate (e.g., busulfan), a nitrosourea (e.g., carmus-
tine, lomustine, chlorozoticin, streptozocin) or a triazine
(e.g., dicarbazine); (b) an antimetabolite, such as a folic acid
analog (e.g., methotrexate), a pyrimidine analog (e.g., 5-fluo-
rouracil, floxuridine, cytarabine, azauridine) as well as a
purine analog or a related compound (e.g., 6-mercaptopurine,
6-thioguanine, pentostatin); (¢) a natural product, such as a
vinca alkaloid (e.g., vinblastine, vincristine), an epipodophy-
lotoxin (e.g., etoposide, teniposide), an antibiotic (e.g., dac-
tinomycin, daunorubicin, doxorubicin, bleomycin, plicamy-
cin and mitoxanthrone), an enzyme (e.g., [.-asparaginase), or
a biological response modifier (e.g., Interferon-cO; or (d) a
miscellaneous agent, such as a platinum coordination com-
plex (e.g., cisplatin, carboplatin), a substituted urea (e.g.,
hydroxyurea), a methylhydiazine derivative (e.g., procarba-
zine), or an adreocortical suppressant (e.g., taxol and mito-
tane). In some embodiments, cisplatin is a particularly suit-
able chemotherapeutic agent.

[0133] A number of locations within the herpesvirus
genome would be suitable for introduction of the coding
region for a polypeptide of the MEK pathway. An exemplary
location is the locus for the y,34.5 gene(s) which, by substi-
tuting a coding region fora MEK pathway polypeptide for the
v,34.5 gene(s) will accomplish both the introduction of an
expressible MEK pathway coding region and the loss of
expressible y,34.5 gene(s), thereby attenuating the virus and
providing the virus with the capacity to complete the lytic
cycle in MEK™ tumor cells with minimal recombinant engi-
neering. Of course, a variety of other mutations, within the
v,34.5 coding region or affecting y,34.5 expression control,
are also contemplated, particularly when the expression-con-
trolled coding region for a MEK pathway is not placed into
the y,34.5 locus of herpesvirus.
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[0134] Diseases, disorders and conditions amenable to
treatment using at least one method according to the disclo-
sure include any form of cancer, such as cancer of the breast,
lung, prostate, bladder, colorectal, liver, pancreas, kidney (re-
nal), and head-and-neck; as well as adenoma; cholangioma;
cholesteatoma; cyclindroma; cystadenocarcinoma; cystad-
enoma; granulosa cell tumor; gynandroblastoma; hepatoma;
hidradenoma; islet cell tumor; Leydig cell tumor; papilloma;
sertoli cell tumor; theca cell tumor; leimyoma; leiomyosar-
coma; myoblastoma; myomma; myosarcoma; rhab-
domyoma; rhabdomyosarcoma; ependymoma; ganglion-
euroma; glioma; medulloblastoma; meningioma;
neurilemmoma; neuroblastoma; neuroepithelioma; neurofi-
broma; neuroma; paraganglioma; paraganglioma nonchro-
matffin. The types of cancers that may be treated also include,
but are not limited to, angiokeratoma; angiolymphoid hyper-
plasia with eosinophilia; angioma sclerosing; angiomatosis;
glomangioma;  hemangioendothelioma;  hemangioma;
hemangiopericytoma; hemangiosarcoma; lymphangioma;
lymphangiomyoma; lymphangiosarcoma; pinealoma; carci-
nosarcoma; chondrosarcoma; cystosarcoma phyllodes; fibro-
sarcoma; hemangiosarcoma; leiomyosarcoma; leukosar-
coma; liposarcoma; lymphangiosarcoma; myosarcoma;
myxosarcoma; ovarian carcinoma; rhabdomyosarcoma; sar-
coma; neoplasms; nerofibromatosis; and cervical dysplasia.
The disclosure further provides compositions and methods
useful in the treatment of other conditions in which cells have
become immortalized or hyperproliferative, such as rheuma-
toid arthritis and macular degeneration.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 24

<210> SEQ ID NO 1
<211> LENGTH: 2222

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

attcggecacyg

cecegggteca

ggctctgeag

ctggaggagc

aagcagaagg

ggcaatggcg

aagctaattc

gttectgecatyg

ggcgagatca

aaagctggaa

ctgacatatc

ctagtcaact

gactccatgyg

gggactcatt

geggttggga

tgccaggtgg

cttagetcat

atagtcaacg

tttgtgaata

gttcatgett

tccaccateg

gggaagcaac

tteccatgec

gcatgtgeca

ttattgttec

tcaaaacctyg

tacaattgca

acatttgaca

agggaggaag
aaatgcccaa
ttaacgggac
tagagcttga
tgggagaact
gtgtggtgtt
atctggagat
agtgcaactc
gtatctgcat
gaattcctga
tgagggagaa
ccecgtgggga
ccaactectt
actctgtgea
ggtatcccat
aaggagatgc
acggaatgga
agcctectec
aatgcttaat
ttatcaagag
gccttaacca
aaagagcgag
tgtctetgtt
agattctact
cctaagtgga
tgccaggetyg
ctgetgttec

tttggtggac

cgagaggtgce
gaagaagccg
cagctetgeg
tgagcagcag
gaaggatgac
caaggtctec
caaaccegea
tcegtacatce
ggagcacatg
acaaatttta
gcacaagatc
gatcaagctce
cgtgggeaca
gtcagacatc
ccctecteca
ggctgagacce
cagcegaccet
aaaactgccc
aaaaaacccc
atctgatget
gcccagcaca
tcceetgece
cagatgtgca
cttgtcattt
ttggetttgt
aattacagtg
tgctecatga

tttatcttge

tgcectecee

acgcccatec

gagaccaact

cgaaagegec

gactttgaga

cacaagectt

atccggaacc

gtgggettet

gatggaggtt

ggaaaagtta

atgcacagag

tgtgactttyg

aggtcctaca

tggagcatgg

gatgccaagg

ccacccaggce

cccatggeaa

agtggagtgt

gcagagagag

gaggaagtgg

ccaaccecatg

ggtggtttgc

tttcacctgt

ttaatattac

gCttggggCt

aaatttttgg

ctggetgtet

tgggcatact

ccggagttgg aagcgcgtta 60
agctgaaccce ggcccccgac 120
tggaggcctt gcagaagaag 180
ttgaggcctt tcttacccag 240
agatcagtga gctgggggct 300
ctggccetggt catggccaga 360
agatcataag ggagctgcag 420
atggtgcgtt ctacagcgat 480
ctctggatca agtcctgaag 540
gcattgctgt aataaaaggc 600
atgtcaagcc ctccaacatce 660
gggtcagcegg gcagctcate 720
tgtcgccaga aagactccag 780
gactgtctect ggtagagatg 840
agctggagcet gatgtttggg 900
caaggacccc cgggaggcecc 960
tttttgagtt gttggattac 1020

tcagtctgga atttcaagat 1080
cagatttgaa gcaactcatg 1140
attttgcagg ttggctctge 1200
ctgctggegt ctaagtgttt 1260
catgtcgett ttgggcectcece 1320
gacaaaggat gaagaacaca 1380
tgtctttatt cttattacta 1440
atttgtgtgt atgctgatga 1500
tgaatgtggg tagtcattct 1560
gcctgtattt tecggactttg 1620

ttectectetag gagggagect 1680
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tgtgagatcc ttcacaggca gtgcatgtga agcatgcttt gectgctatga aaatgagcat 1740
cagagagtgt acatcatgtt attttattat tattatttgc ttttcatgta gaactcagca 1800
gttgacatcc aaatctagcc agagcccttce actgccatga tagctggggce ttcaccagtce 1860
tgtctactgt ggtgatctgt agacttctgg ttgtatttct atatttattt tcagtatact 1920
gtgtgggata cttagtggta tgtctcttta agttttgatt aatgtttctt aaatggaatt 1980
atttgaatgt cacaaattga tcaagatatt aaaatgtcgg atttatcttt ccccatatcc 2040
aagtaccaat gctgttgtaa acaacgtgta tagtgcctaa aattgtatga aaatcctttt 2100
aaccatttta acctagatgt ttaacaaatc taatctctta ttctaataaa tatactatga 2160
aataaaaaaa aaaggagaaa gctaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 2220
aa 2222
<210> SEQ ID NO 2

<211> LENGTH: 393

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Pro Lys Lys Lys Pro Thr Pro Ile Gln Leu Asn Pro Ala Pro Asp
1 5 10 15

Gly Ser Ala Val Asn Gly Thr Ser Ser Ala Glu Thr Asn Leu Glu Ala
20 25 30

Leu Gln Lys Lys Leu Glu Glu Leu Glu Leu Asp Glu Gln Gln Arg Lys
35 40 45

Arg Leu Glu Ala Phe Leu Thr Gln Lys Gln Lys Val Gly Glu Leu Lys
50 55 60

Asp Asp Asp Phe Glu Lys Ile Ser Glu Leu Gly Ala Gly Asn Gly Gly
65 70 75 80

Val Val Phe Lys Val Ser His Lys Pro Ser Gly Leu Val Met Ala Arg
85 90 95

Lys Leu Ile His Leu Glu Ile Lys Pro Ala Ile Arg Asn Gln Ile Ile
100 105 110

Arg Glu Leu Gln Val Leu His Glu Cys Asn Ser Pro Tyr Ile Val Gly
115 120 125

Phe Tyr Gly Ala Phe Tyr Ser Asp Gly Glu Ile Ser Ile Cys Met Glu
130 135 140

His Met Asp Gly Gly Ser Leu Asp Gln Val Leu Lys Lys Ala Gly Arg
145 150 155 160

Ile Pro Glu Gln Ile Leu Gly Lys Val Ser Ile Ala Val Ile Lys Gly
165 170 175

Leu Thr Tyr Leu Arg Glu Lys His Lys Ile Met His Arg Asp Val Lys
180 185 190

Pro Ser Asn Ile Leu Val Asn Ser Arg Gly Glu Ile Lys Leu Cys Asp
195 200 205

Phe Gly Val Ser Gly Gln Leu Ile Asp Ser Met Ala Asn Ser Phe Val
210 215 220

Gly Thr Arg Ser Tyr Met Ser Pro Glu Arg Leu Gln Gly Thr His Tyr
225 230 235 240

Ser Val Gln Ser Asp Ile Trp Ser Met Gly Leu Ser Leu Val Glu Met
245 250 255
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Ala Val Gly Arg Tyr Pro Ile Pro Pro Pro Asp Ala Lys Glu Leu Glu
260 265 270

Leu Met Phe Gly Cys Gln Val Glu Gly Asp Ala Ala Glu Thr Pro Pro
275 280 285

Arg Pro Arg Thr Pro Gly Arg Pro Leu Ser Ser Tyr Gly Met Asp Ser
290 295 300

Arg Pro Pro Met Ala Ile Phe Glu Leu Leu Asp Tyr Ile Val Asn Glu
305 310 315 320

Pro Pro Pro Lys Leu Pro Ser Gly Val Phe Ser Leu Glu Phe Gln Asp
325 330 335

Phe Val Asn Lys Cys Leu Ile Lys Asn Pro Ala Glu Arg Ala Asp Leu
340 345 350

Lys Gln Leu Met Val His Ala Phe Ile Lys Arg Ser Asp Ala Glu Glu
355 360 365

Val Asp Phe Ala Gly Trp Leu Cys Ser Thr Ile Gly Leu Asn Gln Pro
370 375 380

Ser Thr Pro Thr His Ala Ala Gly Val
385 390

<210> SEQ ID NO 3

<211> LENGTH: 1611

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

acataatttc tggagccctg taccaacgtg tggccacata ttcetgtcagg aaccctgtgt 60
gatcatggtc tggatctgca acacgggcca ggccaaagtce acagatcttyg agatcacagg 120
tggtgttgag cagcaggcag gcaggcaate ggtccgagtg getgtegget cttcagetcet 180
cegeteggeg tettecttee teteceggte agegteggeg getgcacegg cggegggeag 240

tcctgeggga ggggcgacaa gagctgagge geggecgeeg agegtegage tcagegegge 300

ggaggcggeg gcggcecgge agccaacatg geggeggegg cggeggceggg cgcgggeccyg 360

gagatggtce gegggcaggt gttegacgtyg gggccgeget acaccaacct ctegtacatc 420
ggcgagggeyg cctacggcat ggtgtgetcet gettatgata atgtcaacaa agttegagta 480
gctatcaaga aaatcagccc ctttgagcac cagacctact geccagagaac cctgagggag 540
ataaaaatct tactgegett cagacatgag aacatcattg gaatcaatga cattattcga 600
gcaccaacca tcgagcaaat gaaagatgta tatatagtac aggacctcat ggaaacagat 660
ctttacaage tcttgaagac acaacaccte agcaatgacc atatctgeta ttttetctac 720
cagatcctca gagggttaaa atatatccat tcagetaacg ttctgcaccg tgacctcaag 780
ccttecaace tgctgetcaa caccacctgt gatctcaaga tetgtgactt tggectggece 840
cgtgttgcag atccagacca tgatcacaca gggttcctga cagaatatgt ggccacacgt 900
tggtacaggg ctccagaaat tatgttgaat tccaaggget acaccaagte cattgatatt 960

tggtctgtag gctgcattcet ggcagaaatg ctttccaaca ggcccatctt tecagggaag 1020
cattatcttg accagctgaa tcacattttg ggtattcttg gatccccatce acaagaagac 1080
ctgaattgta taataaattt aaaagctagg aactatttgc tttctcttecce acacaaaaat 1140

aaggtgccat ggaacaggct gttcccaaat gctgactcca aagctctgga cttattggac 1200
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aaaatgttga cattcaaccc acacaagagg attgaagtag aacaggctct ggcccaccca 1260
tatctggagce agtattacga cccgagtgac gagcccatcg ccgaagcacce attcaagttce 1320
gacatggaat tggatgactt gcctaaggaa aagctaaaag aactaatttt tgaagagact 1380
gctagattee agccaggata cagatcttaa atttgtcagg acaagggctc agaggactgg 1440
acgtgctcag acatcggtgt tettcttcecce agttcecttgac cecctggtect gtetccagece 1500
cgtcttgget tatccacttt gactcectttg ageegtttgg aggggcggtt tetggtagtt 1560
gtggctttta tgctttcaaa gaatttcttc agtccagaga attcactggce ¢ 1611
<210> SEQ ID NO 4

<211> LENGTH: 360

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Met Ala Ala Ala Ala Ala Ala Gly Ala Gly Pro Glu Met Val Arg Gly
1 5 10 15

Gln Val Phe Asp Val Gly Pro Arg Tyr Thr Asn Leu Ser Tyr Ile Gly
20 25 30

Glu Gly Ala Tyr Gly Met Val Cys Ser Ala Tyr Asp Asn Val Asn Lys
35 40 45

Val Arg Val Ala Ile Lys Lys Ile Ser Pro Phe Glu His Gln Thr Tyr
50 55 60

Cys Gln Arg Thr Leu Arg Glu Ile Lys Ile Leu Leu Arg Phe Arg His
65 70 75 80

Glu Asn Ile Ile Gly Ile Asn Asp Ile Ile Arg Ala Pro Thr Ile Glu
85 90 95

Gln Met Lys Asp Val Tyr Ile Val Gln Asp Leu Met Glu Thr Asp Leu
100 105 110

Tyr Lys Leu Leu Lys Thr Gln His Leu Ser Asn Asp His Ile Cys Tyr
115 120 125

Phe Leu Tyr Gln Ile Leu Arg Gly Leu Lys Tyr Ile His Ser Ala Asn
130 135 140

Val Leu His Arg Asp Leu Lys Pro Ser Asn Leu Leu Leu Asn Thr Thr
145 150 155 160

Cys Asp Leu Lys Ile Cys Asp Phe Gly Leu Ala Arg Val Ala Asp Pro
165 170 175

Asp His Asp His Thr Gly Phe Leu Thr Glu Tyr Val Ala Thr Arg Trp
180 185 190

Tyr Arg Ala Pro Glu Ile Met Leu Asn Ser Lys Gly Tyr Thr Lys Ser
195 200 205

Ile Asp Ile Trp Ser Val Gly Cys Ile Leu Ala Glu Met Leu Ser Asn
210 215 220

Arg Pro Ile Phe Pro Gly Lys His Tyr Leu Asp Gln Leu Asn His Ile
225 230 235 240

Leu Gly Ile Leu Gly Ser Pro Ser Gln Glu Asp Leu Asn Cys Ile Ile
245 250 255

Asn Leu Lys Ala Arg Asn Tyr Leu Leu Ser Leu Pro His Lys Asn Lys
260 265 270

Val Pro Trp Asn Arg Leu Phe Pro Asn Ala Asp Ser Lys Ala Leu Asp
275 280 285
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Leu

Glu

305

Asp

Asp

Arg

<210>
<211>
<212>
<213>

<400>

Leu

290

Gln

Glu

Leu

Phe

Asp

Ala

Pro

Pro

Gln
355

Lys Met Leu Thr Phe

295

Leu Ala His Pro Tyr
310

Ile Ala Glu Ala Pro

325

Lys Glu Lys Leu Lys

340

Pro Gly Tyr Arg Ser

SEQ ID NO 5
LENGTH: 1759
TYPE: DNA
ORGANISM: Homo sapiens

SEQUENCE: 5

cceetgecte teggactegyg

ggctegeteyg

cecegeecteg

gegecgaccyg

cecegeggage

ctaccatecge

acctgcagaa

cctttetecac

cagagctggg

tcatcatgge

tcegegaget

ccttetacag

accaggtgcet

cggttetecyg

agccctecaa

geggecaget

cggagcggtt

cectggtgga

aggccatett

cteggecgag

tggccatett

gtgtgttcac

agegggcegga

aagtggattt

cgegeaccge

tcecetgteca

gectcacccee

cctecageccee

geegecccga

ctceceggece

ccecgatgetyg

cgagggecca

gaagctggag

ccagaaagcec

cgcgggeaac

caggaagctyg

gcaggtectyg

tgacggggag

gaaagaggce

gggcttggeg

catcctegtyg

catagactcc

gcagggcaca

getggecgte

tggceggece

gececeeggy

tgaactcectyg

ccececgactte

cctgaagatg

thngCtgg

cgtgtgacag

tgccecegece

tgcggagage

360

getgeggegt
agcgeeecte
cgeceggecty
gececectaty
gecceggagga
tccectacca
gagctggaac
aaggtcggcg
ggcggggtgy
atccaccttyg
cacgaatgca
atcagcattt
aagaggattc
taccteccgag
aactctagag
atggccaact
cattactegg
ggaaggtacc
gtggtcgacg
cgcecegtea
gactatattg
caggagtttyg
ctcacaaacc
ttgtgtaaaa
tggccggget
ttccagctga

accgtggegg

Asn

Leu

Phe

Glu
345

Pro

Glu

Lys

330

Leu

His

Gln

315

Phe

Ile

cagecttett

ggctacccte

ggccgcecggcec

ggcecegget

agceggtget

dcgagggcege

ttgacgagca

aactcaaaga

tcaccaaagt

agatcaagcc

actcgecgta

gcatggaaca

ccgaggagat

agaagcacca

gggagatcaa

ccttegtggy

tgcagtcgga

ccatccececce

dggaagaagyg

geggteacgg

tgaacgagcc

tcaataaatg

acaccttcat

cecctgegget

cecctgegtec

ggacaggctg

ggcgacagcg

Lys Arg Ile
300

Tyr Tyr Asp

Asp Met Glu

Phe Glu Glu
350

cgggectegg
ggcccaggece
gcagcecegg
agaggcgecg
geeggegete
ctcegaggea
gcagaagaag
cgatgactte
ccagcacaga
ggccatcegg
catcgtggge
catggacgge

cctggggaaa

gatcatgcac
getgtgtgac
cacgegetee
catctggage
gecegacgece
agagcctcac
gatggatage
acctcctaag
cctcatcaag
caagcggtec
gaaccagccce
cgctggtgac
gegectecac

catgcaggaa

Glu Val
Pro Ser
320

Leu Asp
335

Thr Ala

cagcggtage
cgcagegecg
getegegtag
cegecgecgyg
accatcaacc
aacctggtygyg
cggctggaag
gaaaggatct
cecctegggece
aaccagatca
ttctacgggy
ggctcectgg
gtcagcatcg
cgagatgtga
ttcggggtga
tacatggcte
atgggectgt
aaagagctgg
agcatctege
cggectgeca
ctgcccaacy
aacccagegg
gaggtggaag
ggcacaccca
ctgeccaccey

ccaccctect

cgggggtctc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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ctectectgee cgtectggee ggggtgecte tggggacggg cgacgctget gtgtgtggte 1680
tcagaggcte tgcttectta ggttacaaaa caaaacaggg agagaaaaag caaaaaaaaa 1740
aaaaaaaaaa aaaaaaaaa 1759
<210> SEQ ID NO 6

<211> LENGTH: 400

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Met Leu Ala Arg Arg Lys Pro Val Leu Pro Ala Leu Thr Ile Asn Pro
1 5 10 15

Thr Ile Ala Glu Gly Pro Ser Pro Thr Ser Glu Gly Ala Ser Glu Ala
20 25 30

Asn Leu Val Asp Leu Gln Lys Lys Leu Glu Glu Leu Glu Leu Asp Glu
35 40 45

Gln Gln Lys Lys Arg Leu Glu Ala Phe Leu Thr Gln Lys Ala Lys Val
50 55 60

Gly Glu Leu Lys Asp Asp Asp Phe Glu Arg Ile Ser Glu Leu Gly Ala
65 70 75 80

Gly Asn Gly Gly Val Val Thr Lys Val Gln His Arg Pro Ser Gly Leu
85 90 95

Ile Met Ala Arg Lys Leu Ile His Leu Glu Ile Lys Pro Ala Ile Arg
100 105 110

Asn Gln Ile Ile Arg Glu Leu Gln Val Leu His Glu Cys Asn Ser Pro
115 120 125

Tyr Ile Val Gly Phe Tyr Gly Ala Phe Tyr Ser Asp Gly Glu Ile Ser
130 135 140

Ile Cys Met Glu His Met Asp Gly Gly Ser Leu Asp Gln Val Leu Lys
145 150 155 160

Glu Ala Lys Arg Ile Pro Glu Glu Ile Leu Gly Lys Val Ser Ile Ala
165 170 175

Val Leu Arg Gly Leu Ala Tyr Leu Arg Glu Lys His Gln Ile Met His
180 185 190

Arg Asp Val Lys Pro Ser Asn Ile Leu Val Asn Ser Arg Gly Glu Ile
195 200 205

Lys Leu Cys Asp Phe Gly Val Ser Gly Gln Leu Ile Asp Ser Met Ala
210 215 220

Asn Ser Phe Val Gly Thr Arg Ser Tyr Met Ala Pro Glu Arg Leu Gln
225 230 235 240

Gly Thr His Tyr Ser Val Gln Ser Asp Ile Trp Ser Met Gly Leu Ser
245 250 255

Leu Val Glu Leu Ala Val Gly Arg Tyr Pro Ile Pro Pro Pro Asp Ala
260 265 270

Lys Glu Leu Glu Ala Ile Phe Gly Arg Pro Val Val Asp Gly Glu Glu
275 280 285

Gly Glu Pro His Ser Ile Ser Pro Arg Pro Arg Pro Pro Gly Arg Pro
290 295 300

Val Ser Gly His Gly Met Asp Ser Arg Pro Ala Met Ala Ile Phe Glu
305 310 315 320

Leu Leu Asp Tyr Ile Val Asn Glu Pro Pro Pro Lys Leu Pro Asn Gly
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325 330 335

Val Phe Thr Pro Asp Phe Gln Glu Phe Val Asn Lys Cys Leu Ile Lys
340 345 350

Asn Pro Ala Glu Arg Ala Asp Leu Lys Met Leu Thr Asn His Thr Phe
355 360 365

Ile Lys Arg Ser Glu Val Glu Glu Val Asp Phe Ala Gly Trp Leu Cys
370 375 380

Lys Thr Leu Arg Leu Asn Gln Pro Gly Thr Pro Thr Arg Thr Ala Val
385 390 395 400

<210> SEQ ID NO 7

<211> LENGTH: 1963

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

gaaacgtccee gtgtgggagg ggcgggtcetyg ggtgeggetg cegecatgact cgtggttegg 60
aggcccacgt ggceggggeg gggactcagg cgectggeag cegactgatt acgtageggg 120

cggggcecgga agtgecgete cttggtgggg getgtteatg geggtteegyg ggtctcecaac 180

atttttcceg gtetgtggte ctaaatctgt ccaaagcaga ggcagtggag cttgaggtte 240
ttgctggtgt gaaatgactg agtacaaact ggtggtggtt ggagcaggtyg gtgttgggaa 300
aagcgcactyg acaatccage taatccagaa ccactttgta gatgaatatg atcccaccat 360
agaggattct tacagaaaac aagtggttat agatggtgaa acctgtttgt tggacatact 420
ggatacagct ggacaagaag agtacagtgc catgagagac caatacatga ggacaggcga 480
aggcttecte tgtgtatttg ccatcaataa tagcaagtca tttgcggata ttaacctcta 540
cagggagcag attaagcgag taaaagactce ggatgatgta cctatggtge tagtgggaaa 600
caagtgtgat ttgccaacaa ggacagttga tacaaaacaa gcccacgaac tggccaagag 660
ttacgggatt ccattcattg aaacctcage caagaccaga cagggtgttyg aagatgettt 720
ttacacactg gtaagagaaa tacgccagta ccgaatgaaa aaactcaaca gcagtgatga 780
tgggactcag ggttgtatgg gattgecatg tgtggtgatg taacaagata cttttaaagt 840
tttgtcagaa aagagccact ttcaagetge actgacacce tggtcctgac ttectggagg 900
agaagtattc ctgttgetgt cttcagtete acagagaage tectgetact tccccagete 960

tcagtagttt agtacaataa tctctatttg agaagttctc agaataacta cctcctcact 1020
tggctgtetg accagagaat gcacctcecttg ttactcectg ttatttttet gecctgggtt 1080
cttccacagc acaaacacac ctcaacacac ctctgccacc ccaggttttt catctgaaaa 1140
gcagttcatg tctgaaacag agaaccaaac cgcaaacgtg aaattctatt gaaaacagtg 1200
tcttgagete taaagtagca actgctggtg attttttttt tetttttact gttgaactta 1260
gaactatgcc taatttttgg agaaatgtca taaattactg ttttgccaag aatatagtta 1320
ttattgctgt ttggtttgtt tataatgtta tcggctctat tctctaaact ggcatctget 1380
ctagattcat aaatacaaaa atgaatactg aattttgagt ctatcctagt cttcacaact 1440
ttgacgtaat taaatccaac ttttcacagt gaagtgcctt tttcctagaa gtggtttgta 1500
gactccttta taatatttca gtggaataga tgtctcaaaa atccttatgc atgaaatgaa 1560

tgtctgagat acgtctgtga cttatctacc attgaaggaa agctatatct atttgagagc 1620
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agatgccatt ttgtacatgt atgaaattgg ttttccagag gecctgttttg gggctttece 1680
aggagaaaga tgaaactgaa agcatatgaa taatttcact taataatttt tacctaatct 1740
ccactttttt cataggttac tacctataca atgtatgtaa tttgtttcce ctagcttact 1800
gataaaccta atattcaatg aacttccatt tgtattcaaa tttgtgtcat accagaaagc 1860
tctacatttg cagatgttca aatattgtaa aactttggtg cattgttatt taatagctgt 1920
gatcagtgat tttcaaacct caaatatagt atattaacaa att 1963
<210> SEQ ID NO 8

<211> LENGTH: 189

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Met Thr Glu Tyr Lys Leu Val Val Val Gly Ala Gly Gly Val Gly Lys
1 5 10 15

Ser Ala Leu Thr Ile Gln Leu Ile Gln Asn His Phe Val Asp Glu Tyr
20 25 30

Asp Pro Thr Ile Glu Asp Ser Tyr Arg Lys Gln Val Val Ile Asp Gly
35 40 45

Glu Thr Cys Leu Leu Asp Ile Leu Asp Thr Ala Gly Gln Glu Glu Tyr
50 55 60

Ser Ala Met Arg Asp Gln Tyr Met Arg Thr Gly Glu Gly Phe Leu Cys
65 70 75 80

Val Phe Ala Ile Asn Asn Ser Lys Ser Phe Ala Asp Ile Asn Leu Tyr
85 90 95

Arg Glu Gln Ile Lys Arg Val Lys Asp Ser Asp Asp Val Pro Met Val
100 105 110

Leu Val Gly Asn Lys Cys Asp Leu Pro Thr Arg Thr Val Asp Thr Lys
115 120 125

Gln Ala His Glu Leu Ala Lys Ser Tyr Gly Ile Pro Phe Ile Glu Thr
130 135 140

Ser Ala Lys Thr Arg Gln Gly Val Glu Asp Ala Phe Tyr Thr Leu Val
145 150 155 160

Arg Glu Ile Arg Gln Tyr Arg Met Lys Lys Leu Asn Ser Ser Asp Asp
165 170 175

Gly Thr Gln Gly Cys Met Gly Leu Pro Cys Val Val Met
180 185

<210> SEQ ID NO 9

<211> LENGTH: 5775

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

tectaggegg cggcecgegge ggcggaggca gcagceggegg cggcagtgge ggeggcegaag 60
gtggcggegyg cteggcecagt actcceggece ccegecattt cggactggga gegagegegyg 120
cgcaggcact gaaggeggeg geggggecag aggctcageg getceccaggt gegggagaga 180
ggcctgetga aaatgactga atataaactt gtggtagttg gagettgtgg cgtaggcaag 240

agtgccttga cgatacaget aattcagaat cattttgtgg acgaatatga tccaacaata 300

gaggattcct acaggaagca agtagtaatt gatggagaaa cctgtctett ggatattcte 360
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gacacagcag gtcaagagga gtacagtgca atgagggacc agtacatgag gactggggag 420
ggctttcttt gtgtatttge cataaataat actaaatcat ttgaagatat tcaccattat 480
agagaacaaa ttaaaagagt taaggactct gaagatgtac ctatggtcct agtaggaaat 540
aaatgtgatt tgccttctag aacagtagac acaaaacagg ctcaggactt agcaagaagt 600
tatggaattc cttttattga aacatcagca aagacaagac agggtgttga tgatgectte 660
tatacattag ttcgagaaat tcgaaaacat aaagaaaaga tgagcaaaga tggtaaaaag 720
aagaaaaaga agtcaaagac aaagtgtgta attatgtaaa tacaatttgt acttttttct 780
taaggcatac tagtacaagt ggtaattttt gtacattaca ctaaattatt agcatttgtt 840
ttagcattac ctaatttttt tcctgctcca tgcagactgt tagcttttac cttaaatgcet 900
tattttaaaa tgacagtgga agtttttttt tcctcgaagt gccagtattce ccagagtttt 960

ggtttttgaa ctagcaatgc ctgtgaaaaa gaaactgaat acctaagatt tctgtcttgg 1020
ggtttttggt gcatgcagtt gattacttct tatttttctt accaagtgtg aatgttggtg 1080
tgaaacaaat taatgaagct tttgaatcat ccctattcectg tgttttatct agtcacataa 1140
atggattaat tactaatttc agttgagacc ttctaattgg tttttactga aacattgagg 1200
gacacaaatt tatgggcttc ctgatgatga ttcttctagg catcatgtcc tatagtttgt 1260
catccctgat gaatgtaaag ttacactgtt cacaaaggtt ttgtctcctt tecactgceta 1320
ttagtcatgg tcactctccc caaaatatta tattttttct ataaaaagaa aaaaatggaa 1380
aaaaattaca aggcaatgga aactattata aggccatttc cttttcacat tagataaatt 1440
actataaaga ctcctaatag ctttttectg ttaaggcaga cccagtatga atgggattat 1500
tatagcaacc attttggggc tatatttaca tgctactaaa tttttataat aattgaaaag 1560
attttaacaa gtataaaaaa attctcatag gaattaaatg tagtctccct gtgtcagact 1620
gctectttecat agtataactt taaatctttt cttcaacttg agtctttgaa gatagtttta 1680
attctgcettg tgacattaaa agattatttg ggccagttat agcttattag gtgttgaaga 1740
gaccaaggtt gcaagccagg ccctgtgtga accttgaget ttcatagaga gtttcacage 1800
atggactgtg tgccccacgg tcatccgagt ggttgtacga tgcattggtt agtcaaaaat 1860
ggggagggac tagggcagtt tggatagctc aacaagatac aatctcactc tgtggtggtce 1920
ctgctgacaa atcaagagca ttgcttttgt ttcttaagaa aacaaactct tttttaaaaa 1980
ttacttttaa atattaactc aaaagttgag attttggggt ggtggtgtgc caagacatta 2040
attttttttt taaacaatga agtgaaaaag ttttacaatc tctaggtttg gctagttctce 2100
ttaacactgg ttaaattaac attgcataaa cacttttcaa gtctgatcca tatttaataa 2160
tgctttaaaa taaaaataaa aacaatcctt ttgataaatt taaaatgtta cttattttaa 2220
aataaatgaa gtgagatggc atggtgaggt gaaagtatca ctggactagg ttgttggtga 2280
cttaggttct agataggtgt cttttaggac tctgattttg aggacatcac ttactatcca 2340
tttcttecatg ttaaaagaag tcatctcaaa ctcttagttt ttttttttta cactatgtga 2400
tttatattcc atttacataa ggatacactt atttgtcaag ctcagcacaa tctgtaaatt 2460
tttaacctat gttacaccat cttcagtgcc agtcttgggce aaaattgtgce aagaggtgaa 2520
gtttatattt gaatatccat tctcgtttta ggactcttet tcecatattag tgtcatcecttg 2580

cctcectace ttccacatge cccatgactt gatgcagttt taatacttgt aattccccta 2640



US 2011/0274661 Al Nov. 10, 2011
30

-continued

accataagat ttactgctgc tgtggatatc tccatgaagt tttcccactg agtcacatca 2700
gaaatgcccect acatcttatt ttecctcaggg ctcaagagaa tctgacagat accataaagg 2760
gatttgacct aatcactaat tttcaggtgg tggctgatgc tttgaacatc tctttgetge 2820
ccaatccatt agcgacagta ggatttttca accctggtat gaatagacag aaccctatcc 2880
agtggaagga gaatttaata aagatagtgc agaaagaatt ccttaggtaa tctataacta 2940
ggactactcc tggtaacagt aatacattcc attgttttag taaccagaaa tcttcatgca 3000
atgaaaaata ctttaattca tgaagcttac tttttttttt ttggtgtcag agtctcgctce 3060
ttgtcaccca ggctggaatg cagtggcgcce atctcagcetce actgcaacct tcecatcttcece 3120
caggttcaag cgattctegt gectcecggect cctgagtage tgggattaca ggcgtgtgca 3180
ctacactcaa ctaatttttg tatttttagg agagacgggg tttcacctgt tggccaggct 3240
ggtctcgaac tcecctgaccte aagtgattca cccaccttgg cctcataaac ctgttttgea 3300
gaactcattt attcagcaaa tatttattga gtgcctacca gatgccagtc accgcacaag 3360
gcactgggta tatggtatcc ccaaacaaga gacataatcc cggtccttag gtactgctag 3420
tgtggtcetgt aatatcttac taaggccttt ggtatacgac ccagagataa cacgatgcegt 3480
attttagttt tgcaaagaag gggtttggtc tctgtgccag ctctataatt gttttgctac 3540
gattccactg aaactcttcg atcaagctac tttatgtaaa tcacttcatt gttttaaagg 3600
aataaacttg attatattgt ttttttattt ggcataactg tgattctttt aggacaatta 3660
ctgtacacat taaggtgtat gtcagatatt catattgacc caaatgtgta atattccagt 3720
tttctetgca taagtaatta aaatatactt aaaaattaat agttttatct gggtacaaat 3780
aaacagtgcce tgaactagtt cacagacaag ggaaacttct atgtaaaaat cactatgatt 3840
tctgaattge tatgtgaaac tacagatctt tggaacactg tttaggtagg gtgttaagac 3900
ttgacacagt acctcgtttc tacacagaga aagaaatggc catacttcag gaactgcagt 3960
gcttatgagg ggatatttag gcctcecttgaa tttttgatgt agatgggcat ttttttaagg 4020
tagtggttaa ttacctttat gtgaactttg aatggtttaa caaaagattt gtttttgtag 4080
agattttaaa gggggagaat tctagaaata aatgttacct aattattaca gccttaaaga 4140
caaaaatcct tgttgaagtt tttttaaaaa aagactaaat tacatagact taggcattaa 4200
catgtttgtg gaagaatata gcagacgtat attgtatcat ttgagtgaat gttcccaagt 4260
aggcattcta ggctctattt aactgagtca cactgcatag gaatttagaa cctaactttt 4320
ataggttatc aaaactgttg tcaccattgc acaattttgt cctaatatat acatagaaac 4380
tttgtggggce atgttaagtt acagtttgca caagttcatc tcatttgtat tccattgatt 4440
tttttttttc ttctaaacat tttttcttca aaacagtata tataactttt tttaggggat 4500
tttttttaga cagcaaaaaa ctatctgaag atttccattt gtcaaaaagt aatgatttct 4560
tgataattgt gtagtgaatg ttttttagaa cccagcagtt accttgaaag ctgaatttat 4620
atttagtaac ttctgtgtta atactggata gcatgaattc tgcattgaga aactgaatag 4680
ctgtcataaa atgctttcectt tcecctaaagaa agatactcac atgagttctt gaagaatagt 4740
cataactaga ttaagatctg tgttttagtt taatagtttg aagtgcctgt ttgggataat 4800
gataggtaat ttagatgaat ttaggggaaa aaaaagttat ctgcagttat gttgagggcce 4860

catctctecce cccacaccece cacagagcta actgggttac agtgttttat ccgaaagttt 4920
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ccaattccac tgtcttgtgt tttcatgttg aaaatacttt tgcattttte ctttgagtgc 4980
caatttctta ctagtactat ttcttaatgt aacatgttta cctggcecctgt cttttaacta 5040
tttttgtata gtgtaaactyg aaacatgcac attttgtaca ttgtgctttce ttttgtgggt 5100
catatgcagt gtgatccagt tgttttccat catttggttg cgctgaccta ggaatgttgg 5160
tcatatcaaa cattaaaaat gaccactctt ttaatgaaat taacttttaa atgtttatag 5220
gagtatgtgc tgtgaagtga tctaaaattt gtaatatttt tgtcatgaac tgtactactc 5280
ctaattattg taatgtaata aaaatagtta cagtgactat gagtgtgtat ttattcatgc 5340
aaatttgaac tgtttgcccc gaaatggata tggatacttt ataagccata gacactatag 5400
tataccagtg aatcttttat gcagcttgtt agaagtatcc ttttattttc taaaaggtgc 5460
tgtggatatt atgtaaaggc gtgtttgctt aaacaatttt ccatatttag aagtagatgc 5520
aaaacaaatc tgcctttatg acaaaaaaat aggataacat tatttattta tttcctttta 5580
tcaataaggt aattgataca caacaggtga cttggtttta ggcccaaagg tagcagcagc 5640
aacattaata atggaaataa ttgaatagtt agttatgtat gttaatgcca gtcaccagca 5700
ggctatttca aggtcagaag taatgactcc atacatatta tttatttcta taactacatt 5760
taaatcatta ccagg 5775
<210> SEQ ID NO 10

<211> LENGTH: 188

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

Met Thr Glu Tyr Lys Leu Val Val Val Gly Ala Cys Gly Val Gly Lys
1 5 10 15

Ser Ala Leu Thr Ile Gln Leu Ile Gln Asn His Phe Val Asp Glu Tyr
20 25 30

Asp Pro Thr Ile Glu Asp Ser Tyr Arg Lys Gln Val Val Ile Asp Gly
35 40 45

Glu Thr Cys Leu Leu Asp Ile Leu Asp Thr Ala Gly Gln Glu Glu Tyr
50 55 60

Ser Ala Met Arg Asp Gln Tyr Met Arg Thr Gly Glu Gly Phe Leu Cys
65 70 75 80

Val Phe Ala Ile Asn Asn Thr Lys Ser Phe Glu Asp Ile His His Tyr
85 90 95

Arg Glu Gln Ile Lys Arg Val Lys Asp Ser Glu Asp Val Pro Met Val
100 105 110

Leu Val Gly Asn Lys Cys Asp Leu Pro Ser Arg Thr Val Asp Thr Lys
115 120 125

Gln Ala Gln Asp Leu Ala Arg Ser Tyr Gly Ile Pro Phe Ile Glu Thr
130 135 140

Ser Ala Lys Thr Arg Gln Gly Val Asp Asp Ala Phe Tyr Thr Leu Val
145 150 155 160

Arg Glu Ile Arg Lys His Lys Glu Lys Met Ser Lys Asp Gly Lys Lys
165 170 175

Lys Lys Lys Lys Ser Lys Thr Lys Cys Val Ile Met
180 185

<210> SEQ ID NO 11
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<211> LENGTH: 571
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 11
catgacggaa tataagctgg tggtggtggg cgccggeggt gtgggcaaga gtgcgetgac 60
catccagetyg atccagaacc attttgtgga cgaatacgac cccactatag aggattccta 120
ccggaagcag gtggtcattg atggggagac gtgectgttyg gacatcctgyg ataccgecgg 180
ccaggaggag tacagcgcca tgcgggacca gtacatgege accggggagyg gcttectgtg 240
tgtgtttgce atcaacaaca ccaagtcttt tgaggacatc caccagtaca gggagcagat 300
caaacgggtyg aaggactcgg atgacgtgece catggtgetyg gtggggaaca agtgtgacct 360
ggctgcacyge actgtggaat ctcggcagge tcaggaccte geccgaaget acggcatccce 420
ctacatcgag accteggeca agaccceggea gggagtggag gatgecttet acacgttggt 480
gegtgagate cggcagcaca agctgcggaa gctgaaccct cctgatgaga gtggeccegyg 540
ctgcatgagce tgcaagtgtg tgctctectg a 571

<210> SEQ ID NO 12

<211> LENGTH: 189

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

Met Thr Glu Tyr Lys Leu Val Val Val Gly Ala Gly Gly Val Gly Lys
1 5 10 15

Ser Ala Leu Thr Ile Gln Leu Ile Gln Asn His Phe Val Asp Glu Tyr
20 25 30

Asp Pro Thr Ile Glu Asp Ser Tyr Arg Lys Gln Val Val Ile Asp Gly
35 40 45

Glu Thr Cys Leu Leu Asp Ile Leu Asp Thr Ala Gly Gln Glu Glu Tyr
50 55 60

Ser Ala Met Arg Asp Gln Tyr Met Arg Thr Gly Glu Gly Phe Leu Cys

Val Phe Ala Ile Asn Asn Thr Lys Ser Phe Glu Asp Ile His Gln Tyr
85 90 95

Arg Glu Gln Ile Lys Arg Val Lys Asp Ser Asp Asp Val Pro Met Val
100 105 110

Leu Val Gly Asn Lys Cys Asp Leu Ala Ala Arg Thr Val Glu Ser Arg
115 120 125

Gln Ala Gln Asp Leu Ala Arg Ser Tyr Gly Ile Pro Tyr Ile Glu Thr
130 135 140

Ser Ala Lys Thr Arg Gln Gly Val Glu Asp Ala Phe Tyr Thr Leu Val
145 150 155 160

Arg Glu Ile Arg Gln His Lys Leu Arg Lys Leu Asn Pro Pro Asp Glu
165 170 175

Ser Gly Pro Gly Cys Met Ser Cys Lys Cys Val Leu Ser
180 185

<210> SEQ ID NO 13

<211> LENGTH: 2477

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 13
cgectecctt cecectecee geccgacage ggecgetegg gececggete tceggttataa 60
gatggeggeyg ctgageggtg geggtggtgyg cggegeggag cegggecagyg ctetgttcaa 120

cggggacatyg gagcccgagg ceggegeegg cgecggegee geggectett cggetgegga 180

ceetgecatt ccggaggagg tgtggaatat caaacaaatyg attaagttga cacaggaaca 240
tatagaggce ctattggaca aatttggtgg ggagcataat ccaccatcaa tatatctgga 300
ggcctatgaa gaatacacca gcaagctaga tgcactccaa caaagagaac aacagttatt 360
ggaatctctyg gggaacggaa ctgattttte tgtttctage tctgcatcaa tggatacegt 420
tacatcttct tectectteta gectttcagt gctaccttca tetcetttcag tttttcaaaa 480
tcccacagat gtggcacgga gcaaccccaa gtcaccacaa aaacctatcyg ttagagtett 540
cctgeccaac aaacagagga cagtggtacce tgcaaggtgt ggagttacag tccgagacag 600
tctaaagaaa gcactgatga tgagaggtct aatcccagag tgctgtgetyg tttacagaat 660
tcaggatgga gagaagaaac caattggttg ggacactgat atttcctgge ttactggaga 720
agaattgcat gtggaagtgt tggagaatgt tccacttaca acacacaact ttgtacgaaa 780
aacgtttttc accttagcat tttgtgactt ttgtcgaaag ctgcttttcce agggtttcecg 840
ctgtcaaaca tgtggttata aatttcacca gegttgtagt acagaagttc cactgatgtg 900
tgttaattat gaccaacttg atttgctgtt tgtctccaag ttctttgaac accacccaat 960

accacaggaa gaggcgtcecct tagcagagac tgccctaaca tctggatcat ccccttecge 1020
acccgecteg gactctattg ggccccaaat tctcaccagt ccgtctcectt caaaatccat 1080
tccaattcca cagcecttece gaccagcaga tgaagatcat cgaaatcaat ttgggcaacg 1140
agaccgatcc tcatcagctce ccaatgtgca tataaacaca atagaacctg tcaatattga 1200
tgacttgatt agagaccaag gatttcgtgg tgatggagga tcaaccacag gtttgtctgce 1260
taccceceect gectcattac ctggctcact aactaacgtg aaagccttac agaaatctcece 1320
aggacctcag cgagaaagga agtcatcttce atcctcagaa gacaggaatc gaatgaaaac 1380
acttggtaga cgggactcga gtgatgattg ggagattcct gatgggcaga ttacagtggg 1440
acaaagaatt ggatctggat catttggaac agtctacaag ggaaagtggc atggtgatgt 1500
ggcagtgaaa atgttgaatg tgacagcacc tacacctcag cagttacaag ccttcaaaaa 1560
tgaagtagga gtactcagga aaacacgaca tgtgaatatc ctactcttca tgggctattce 1620
cacaaagcca caactggcta ttgttaccca gtggtgtgag ggctccaget tgtatcacca 1680
tctccatate attgagacca aatttgagat gatcaaactt atagatattg cacgacagac 1740
tgcacagggc atggattact tacacgccaa gtcaatcatc cacagagacc tcaagagtaa 1800
taatatattt cttcatgaag acctcacagt aaaaataggt gattttggtc tagctacagt 1860
gaaatctcga tggagtgggt cccatcagtt tgaacagttg tcectggatcca ttttgtggat 1920
ggcaccagaa dtcatcagaa tgcaagataa aaatccatac agctttcagt cagatgtata 1980
tgcatttgga attgttctgt atgaattgat gactggacag ttaccttatt caaacatcaa 2040
caacagggac cagataattt ttatggtggg acgaggatac ctgtctccag atctcagtaa 2100
ggtacggagt aactgtccaa aagccatgaa gagattaatg gcagagtgcc tcaaaaagaa 2160

aagagatgag agaccactct ttccccaaat tctegectet attgagcectge tggceccgete 2220
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attgccaaaa attcaccgca gtgcatcaga accctceccttg aatcgggctg gtttccaaac 2280
agaggatttt agtctatatg cttgtgcttc tccaaaaaca cccatccagg cagggggata 2340
tggtgcgttt cctgtccact gaaacaaatg agtgagagag ttcaggagag tagcaacaaa 2400
aggaaaataa atgaacatat gtttgcttat atgttaaatt gaataaaata ctctcttttt 2460
ttttaaggtg aaccaaa 2477
<210> SEQ ID NO 14

<211> LENGTH: 766

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

Met Ala Ala Leu Ser Gly Gly Gly Gly Gly Gly Ala Glu Pro Gly Gln
1 5 10 15

Ala Leu Phe Asn Gly Asp Met Glu Pro Glu Ala Gly Ala Gly Ala Gly
20 25 30

Ala Ala Ala Ser Ser Ala Ala Asp Pro Ala Ile Pro Glu Glu Val Trp
Asn Ile Lys Gln Met Ile Lys Leu Thr Gln Glu His Ile Glu Ala Leu
50 55 60

Leu Asp Lys Phe Gly Gly Glu His Asn Pro Pro Ser Ile Tyr Leu Glu
65 70 75 80

Ala Tyr Glu Glu Tyr Thr Ser Lys Leu Asp Ala Leu Gln Gln Arg Glu
85 90 95

Gln Gln Leu Leu Glu Ser Leu Gly Asn Gly Thr Asp Phe Ser Val Ser
100 105 110

Ser Ser Ala Ser Met Asp Thr Val Thr Ser Ser Ser Ser Ser Ser Leu
115 120 125

Ser Val Leu Pro Ser Ser Leu Ser Val Phe Gln Asn Pro Thr Asp Val
130 135 140

Ala Arg Ser Asn Pro Lys Ser Pro Gln Lys Pro Ile Val Arg Val Phe
145 150 155 160

Leu Pro Asn Lys Gln Arg Thr Val Val Pro Ala Arg Cys Gly Val Thr
165 170 175

Val Arg Asp Ser Leu Lys Lys Ala Leu Met Met Arg Gly Leu Ile Pro
180 185 190

Glu Cys Cys Ala Val Tyr Arg Ile Gln Asp Gly Glu Lys Lys Pro Ile
195 200 205

Gly Trp Asp Thr Asp Ile Ser Trp Leu Thr Gly Glu Glu Leu His Val
210 215 220

Glu Val Leu Glu Asn Val Pro Leu Thr Thr His Asn Phe Val Arg Lys
225 230 235 240

Thr Phe Phe Thr Leu Ala Phe Cys Asp Phe Cys Arg Lys Leu Leu Phe
245 250 255

Gln Gly Phe Arg Cys Gln Thr Cys Gly Tyr Lys Phe His Gln Arg Cys
260 265 270

Ser Thr Glu Val Pro Leu Met Cys Val Asn Tyr Asp Gln Leu Asp Leu
275 280 285

Leu Phe Val Ser Lys Phe Phe Glu His His Pro Ile Pro Gln Glu Glu
290 295 300

Ala Ser Leu Ala Glu Thr Ala Leu Thr Ser Gly Ser Ser Pro Ser Ala
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305 310 315 320

Pro Ala Ser Asp Ser Ile Gly Pro Gln Ile Leu Thr Ser Pro Ser Pro
325 330 335

Ser Lys Ser Ile Pro Ile Pro Gln Pro Phe Arg Pro Ala Asp Glu Asp
340 345 350

His Arg Asn Gln Phe Gly Gln Arg Asp Arg Ser Ser Ser Ala Pro Asn
355 360 365

Val His Ile Asn Thr Ile Glu Pro Val Asn Ile Asp Asp Leu Ile Arg
370 375 380

Asp Gln Gly Phe Arg Gly Asp Gly Gly Ser Thr Thr Gly Leu Ser Ala
385 390 395 400

Thr Pro Pro Ala Ser Leu Pro Gly Ser Leu Thr Asn Val Lys Ala Leu
405 410 415

Gln Lys Ser Pro Gly Pro Gln Arg Glu Arg Lys Ser Ser Ser Ser Ser
420 425 430

Glu Asp Arg Asn Arg Met Lys Thr Leu Gly Arg Arg Asp Ser Ser Asp
435 440 445

Asp Trp Glu Ile Pro Asp Gly Gln Ile Thr Val Gly Gln Arg Ile Gly
450 455 460

Ser Gly Ser Phe Gly Thr Val Tyr Lys Gly Lys Trp His Gly Asp Val
465 470 475 480

Ala Val Lys Met Leu Asn Val Thr Ala Pro Thr Pro Gln Gln Leu Gln
485 490 495

Ala Phe Lys Asn Glu Val Gly Val Leu Arg Lys Thr Arg His Val Asn
500 505 510

Ile Leu Leu Phe Met Gly Tyr Ser Thr Lys Pro Gln Leu Ala Ile Val
515 520 525

Thr Gln Trp Cys Glu Gly Ser Ser Leu Tyr His His Leu His Ile Ile
530 535 540

Glu Thr Lys Phe Glu Met Ile Lys Leu Ile Asp Ile Ala Arg Gln Thr
545 550 555 560

Ala Gln Gly Met Asp Tyr Leu His Ala Lys Ser Ile Ile His Arg Asp
565 570 575

Leu Lys Ser Asn Asn Ile Phe Leu His Glu Asp Leu Thr Val Lys Ile
580 585 590

Gly Asp Phe Gly Leu Ala Thr Val Lys Ser Arg Trp Ser Gly Ser His
595 600 605

Gln Phe Glu Gln Leu Ser Gly Ser Ile Leu Trp Met Ala Pro Glu Val
610 615 620

Ile Arg Met Gln Asp Lys Asn Pro Tyr Ser Phe Gln Ser Asp Val Tyr
625 630 635 640

Ala Phe Gly Ile Val Leu Tyr Glu Leu Met Thr Gly Gln Leu Pro Tyr
645 650 655

Ser Asn Ile Asn Asn Arg Asp Gln Ile Ile Phe Met Val Gly Arg Gly
660 665 670

Tyr Leu Ser Pro Asp Leu Ser Lys Val Arg Ser Asn Cys Pro Lys Ala
675 680 685

Met Lys Arg Leu Met Ala Glu Cys Leu Lys Lys Lys Arg Asp Glu Arg
690 695 700

Pro Leu Phe Pro Gln Ile Leu Ala Ser Ile Glu Leu Leu Ala Arg Ser
705 710 715 720
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Leu Pro Lys Ile His Arg Ser Ala Ser Glu Pro Ser Leu Asn Arg Ala
725 730 735

Gly Phe Gln Thr Glu Asp Phe Ser Leu Tyr Ala Cys Ala Ser Pro Lys
740 745 750

Thr Pro Ile Gln Ala Gly Gly Tyr Gly Ala Phe Pro Val His
755 760 765

<210> SEQ ID NO 15

<211> LENGTH: 5916

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

gececteect cegeccgece gecggecaege cegtcagtet ggcaggcagyg caggcaateg
gtcegagtgg ctgteggete ttcagetcete cegeteggeg tettecttee tecteceggt
cagegtegge ggctgecacceg geggeggege agtcectgeg ggaggggega caagagcetga
geggeggeceyg ccgagegteg agcetcagege ggceggaggeg goeggeggeoo ggcagecaac
atggeggegg cggceggcegge gggegeggge ccggagatgg tecgegggca ggtgttcgac
gtggggcege gctacaccaa cctcetegtac atceggegagg gegectacgyg catggtgtge
tctgecttatg ataatgtcaa caaagttecga gtagetatca agaaaatcag ccectttgag
caccagacct actgccagag aaccctgagg gagataaaaa tcettactgeg cttcagacat
gagaacatca ttggaatcaa tgacattatt cgagcaccaa ccatcgagca aatgaaagat
gtatatatag tacaggacct catggaaaca gatctttaca agctcttgaa gacacaacac
ctcagcaatg accatatctg ctattttete taccagatec tcagagggtt aaaatatatce
cattcagcta acgttectgea cegtgaccte aagectteca acctgetget caacaccacce
tgtgatctca agatctgtga ctttggectyg gecegtgttg cagatccaga ccatgatcac
acagggttce tgacagaata tgtggccaca cgttggtaca gggctccaga aattatgttg
aattccaagg gctacaccaa gtccattgat atttggtetg taggctgeat tctggcagaa
atgcttteta acaggcccat ctttecaggg aagcattatce ttgaccaget gaaccacatt
ttgggtatte ttggatccce atcacaagaa gacctgaatt gtataataaa tttaaaagcet
aggaactatt tgctttetet tccacacaaa aataaggtge catggaacag getgttccca
aatgctgact ccaaagctct ggacttattg gacaaaatgt tgacattcaa cccacacaag
aggattgaag tagaacaggc tctggeccac ccatatetgg agcagtatta cgacccgagt
gacgagccca tcgccgaage accattcaag ttcgacatgg aattggatga cttgectaag
gaaaagctca aagaactaat ttttgaagag actgctagat tccagccagyg atacagatct
taaatttgtc aggacaaggg ctcagaggac tggacgtget cagacategg tgttettett
cccagttett gaccectggt cetgteteca gecegtettg gettatccac tttgactect
ttgagcegtt tggaggggeg gtttetggta gttgtggett ttatgettte aaagaattte
ttcagtccag agaattccte ctggcagece tgtgtgtgte acccattggt gacctgegge
agtatgtact tcagtgcacc tactgcttac tgttgettta gtcactaatt getttetggt
ttgaaagatg cagtggttce tcectetect gaatectttt ctacatgatg ccctgetgac

catgcagceg caccagagag agattcttee ccaattgget ctagtcactg gcatctcact

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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ttatgatagg gaaggctact acctagggca ctttaagtca gtgacagccc cttatttgca 1800
cttcaccttt tgaccataac tgtttcccca gagcaggagce ttgtggaaat accttggcetg 1860
atgttgcagc ctgcagcaag tgcttcecgte tccggaatcce ttggggagca cttgtccacg 1920
tcttttetca tatcatggta gtcactaaca tatataaggt atgtgctatt ggcccagcett 1980
ttagaaaatg cagtcatttt tctaaataaa aaggaagtac tgcacccagc agtgtcactc 2040
tgtagttact gtggtcactt gtaccatata gaggtgtaac acttgtcaag aagcgttatg 2100
tgcagtactt aatgtttgta agacttacaa aaaaagattt aaagtggcag cttcactcga 2160
catttggtga gagaagtaca aaggttgcag tgctgagctg tgggcggttt ctggggatgt 2220
cccagggtgg aactccacat getggtgcat atacgccctt gagctacttce aaatgtgggt 2280
gtttcagtaa ccacgttcca tgcctgagga tttagcagag aggaacactg cgtctttaaa 2340
tgagaaagta tacaattctt tttccttcta cagcatgtca gcatctcaag ttcattttte 2400
aacctacagt ataacaattt gtaataaagc ctccaggagc tcatgacgtg aagcactgtt 2460
ctgtcctcaa gtactcaaat atttctgata ctgctgagtc agactgtcag aaaaagctag 2520
cactaactcg tgtttggagc tctatccata ttttactgat ctctttaagt atttgttect 2580
gccactgtgt actgtggagt tgactcggtg ttctgtccca gtgeggtgece tcectettgac 2640
ttcceccactg ctetetgtgg tgagaaattt gecttgttca ataattactg taccctegcea 2700
tgactgttac agctttctgt gcagagatga ctgtccaagt gccacatgcce tacgattgaa 2760
atgaaaactc tattgttacc tctgagttgt gttccacgga aaatgctatc cagcagatca 2820
tttaggaaaa ataattctat ttttagcttt tcatttctca gectgtceccttt tttettgttt 2880
gatttttgac agcaatggag aatgggttat ataaagactg cctgctaata tgaacagaaa 2940
tgcatttgta attcatgaaa ataaatgtac atcttctatc ttcacattca tgttaagatt 3000
cagtgttgct ttcctctgga tcagegtgte tgaatggaca gtcaggttca ggttgtgetg 3060
aacacagaaa tgctcacagg cctcactttg ccgcccaggce actggcccag cacttggatt 3120
tacataagat gagttagaaa ggtacttctg tagggtcctt tttacctctg ctcggcagag 3180
aatcgatgct gtcatgttcecce tttattcaca atcttaggtc tcaaatattc tgtcaaaccce 3240
taacaaagaa gccccgacat ctcaggttgg attccctggt tectctctaaa gagggcctgce 3300
cettgtgece cagaggtgct getgggeaca gecaagagtt gggaagggece gcecccacagt 3360
acgcagtcct caccacccag cccagggtge tcacgctcac cactectgtyg gctgaggaag 3420
gatagctgge tcatcctcgg aaaacagacc cacatctcta ttettgcecct gaaatacgceg 3480
cttttcactt gcgtgctcag agctgccgte tgaaggtceca cacagcattg acgggacaca 3540
gaaatgtgac tgttaccgga taacactgat tagtcagttt tcatttataa aaaagcattg 3600
acagttttat tactcttgtt tectttttaaa tggaaagtta ctattataag gttaatttgg 3660
agtcctette taaatagaaa accatatcct tggctactaa catctggaga ctgtgagcectce 3720
cttcccatte cecttectgg tactgtggag tcagattgge atgaaaccac taacttcatt 3780
ctagaatcat tgtagccata agttgtgtgc tttttattaa tcatgccaaa cataatgtaa 3840
ctgggcagag aatggtccta accaaggtac ctatgaaaag cgctagctat catgtgtagt 3900
agatgcatca ttttggctcect tcecttacattt gtaaaaatgt acagattagg tcatcttaat 3960

tcatattagt gacacggaac agcacctcca ctatttgtat gttcaaataa gctttcagac 4020
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taatagcttt tttggtgtct aaaatgtaag caaaaaattc ctgctgaaac attccagtcc 4080
tttcatttag tataaaagaa atactgaaca agccagtggg atggaattga aagaactaat 4140
catgaggact ctgtcctgac acaggtcctc aaagctagca gagatacgca gacattgtgg 4200
catctgggta gaagaatact gtattgtgtg tgcagtgcac agtgtgtggt gtgtgcacac 4260
tcattcctte tgctecttggg cacaggcagt gggtgtagag gtaaccagta gcectttgagaa 4320
gctacatgta gctcaccagt ggttttcetct aaggaatcac aaaagtaaac tacccaacca 4380
catgccacgt aatatttcag ccattcagag gaaactgttt tctctttatt tgcttatatg 4440
ttaatatggt ttttaaattg gtaactttta tatagtatgg taacagtatg ttaatacaca 4500
catacatacg cacacatgct ttgggtcctt ccataatact tttatatttg taaatcaatg 4560
ttttggagca atcccaagtt taagggaaat atttttgtaa atgtaatggt tttgaaaatc 4620
tgagcaatcc ttttgcttat acatttttaa agcatttgtg ctttaaaatt gttatgectgg 4680
tgtttgaaac atgatactcc tgtggtgcag atgagaagct ataacagtga atatgtggtt 4740
tctecttacgt catccacctt gacatgatgg gtcagaaaca aatggaaatc cagagcaagt 4800
cctccagggt tgcaccaggt ttacctaaag cttgttgect tttcettgtge tgtttatgeg 4860
tgtagagcac tcaagaaagt tctgaaactg ctttgtatct getttgtact gttggtgect 4920
tcttggtatt gtaccccaaa attctgcata gattatttag tataatggta agttaaaaaa 4980
tgttaaagga agattttatt aagaatctga atgtttattc attatattgt tacaatttaa 5040
cattaacatt tatttgtggt atttgtgatt tggttaatct gtataaaaat tgtaagtaga 5100
aaggtttata tttcatctta attcttttga tgttgtaaac gtacttttta aaagatggat 5160
tatttgaatg tttatggcac ctgacttgta aaaaaaaaaa actacaaaaa aatccttaga 5220
atcattaaat tgtgtccctg tattaccaaa ataacacagc accgtgcatg tatagtttaa 5280
ttgcagtttc atctgtgaaa acgtgaaatt gtctagtect tecgttatgtt ccccagatgt 5340
cttccagatt tgctctgcat gtggtaactt gtgttagggce tgtgagctgt tcectcgagtt 5400
gaatggggat gtcagtgctc ctagggttct ccaggtggtt cttcagacct tcacctgtgg 5460
g99999gggt aggcggtgce cacgcccatce tcectcatcet cctgaacttce tgcaacccca 5520
ctgctgggca gacatcctgg gcaaccecctt ttttcagagce aagaagtcat aaagatagga 5580
tttcttggac atttggttcet tatcaatatt gggcattatg taatgactta tttacaaaac 5640
aaagatactg gaaaatgttt tggatgtggt gttatggaaa gagcacaggc cttggaccca 5700
tccagetggg ttcagaacta ccccctgett ataactgegg ctggctgtgg gecagtcatt 5760
ctgcgtetet getttcecttee tetgettcag actgtcaget gtaaagtgga agcaatatta 5820
cttgccttgt atatggtaaa gattataaaa atacatttca actgttcagce atagtacttce 5880
aaagcaagta ctcagtaaat agcaagtctt tttaaa 5916
<210> SEQ ID NO 16

<211> LENGTH: 360

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

Met Ala Ala Ala Ala Ala Ala Gly Ala Gly Pro Glu Met Val Arg Gly
1 5 10 15

Gln Val Phe Asp Val Gly Pro Arg Tyr Thr Asn Leu Ser Tyr Ile Gly
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20 25 30
Glu Gly Ala Tyr Gly Met Val Cys Ser Ala Tyr Asp Asn Val Asn Lys
Val Arg Val Ala Ile Lys Lys Ile Ser Pro Phe Glu His Gln Thr Tyr
50 55 60

Cys Gln Arg Thr Leu Arg Glu Ile Lys Ile Leu Leu Arg Phe Arg His
65 70 75 80

Glu Asn Ile Ile Gly Ile Asn Asp Ile Ile Arg Ala Pro Thr Ile Glu
Gln Met Lys Asp Val Tyr Ile Val Gln Asp Leu Met Glu Thr Asp Leu
100 105 110

Tyr Lys Leu Leu Lys Thr Gln His Leu Ser Asn Asp His Ile Cys Tyr
115 120 125

Phe Leu Tyr Gln Ile Leu Arg Gly Leu Lys Tyr Ile His Ser Ala Asn
130 135 140

Val Leu His Arg Asp Leu Lys Pro Ser Asn Leu Leu Leu Asn Thr Thr
145 150 155 160

Cys Asp Leu Lys Ile Cys Asp Phe Gly Leu Ala Arg Val Ala Asp Pro
165 170 175

Asp His Asp His Thr Gly Phe Leu Thr Glu Tyr Val Ala Thr Arg Trp
180 185 190

Tyr Arg Ala Pro Glu Ile Met Leu Asn Ser Lys Gly Tyr Thr Lys Ser
195 200 205

Ile Asp Ile Trp Ser Val Gly Cys Ile Leu Ala Glu Met Leu Ser Asn
210 215 220

Arg Pro Ile Phe Pro Gly Lys His Tyr Leu Asp Gln Leu Asn His Ile
225 230 235 240

Leu Gly Ile Leu Gly Ser Pro Ser Gln Glu Asp Leu Asn Cys Ile Ile
245 250 255

Asn Leu Lys Ala Arg Asn Tyr Leu Leu Ser Leu Pro His Lys Asn Lys
260 265 270

Val Pro Trp Asn Arg Leu Phe Pro Asn Ala Asp Ser Lys Ala Leu Asp
275 280 285

Leu Leu Asp Lys Met Leu Thr Phe Asn Pro His Lys Arg Ile Glu Val
290 295 300

Glu Gln Ala Leu Ala His Pro Tyr Leu Glu Gln Tyr Tyr Asp Pro Ser
305 310 315 320

Asp Glu Pro Ile Ala Glu Ala Pro Phe Lys Phe Asp Met Glu Leu Asp
325 330 335

Asp Leu Pro Lys Glu Lys Leu Lys Glu Leu Ile Phe Glu Glu Thr Ala
340 345 350

Arg Phe Gln Pro Gly Tyr Arg Ser
355 360

<210> SEQ ID NO 17

<211> LENGTH: 1499

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17

gececteect cegeccgece gecggecaege cegtcagtet ggcaggcagyg caggcaateg 60

gtcegagtgg ctgteggete ttcagetcete cegeteggeg tettecttee tecteceggt 120
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cagegtegge ggctgecacceg geggeggege agtcectgeg ggaggggega caagagcetga 180
geggeggeceyg ccgagegteg agcetcagege ggceggaggeg goeggeggeoo ggcagecaac 240

atggeggegg cggceggcegge gggegeggge ccggagatgg tecgegggca ggtgttcgac 300

gtggggcege gctacaccaa cctcetegtac atceggegagg gegectacgyg catggtgtge 360
tctgecttatg ataatgtcaa caaagttecga gtagetatca agaaaatcag ccectttgag 420
caccagacct actgccagag aaccctgagg gagataaaaa tcettactgeg cttcagacat 480
gagaacatca ttggaatcaa tgacattatt cgagcaccaa ccatcgagca aatgaaagat 540
gtatatatag tacaggacct catggaaaca gatctttaca agctcttgaa gacacaacac 600
ctcagcaatg accatatctg ctattttete taccagatec tcagagggtt aaaatatatce 660
cattcagcta acgttectgea cegtgaccte aagectteca acctgetget caacaccacce 720
tgtgatctca agatctgtga ctttggectyg gecegtgttg cagatccaga ccatgatcac 780
acagggttce tgacagaata tgtggccaca cgttggtaca gggctccaga aattatgttg 840
aattccaagg gctacaccaa gtccattgat atttggtetg taggctgeat tctggcagaa 900
atgcttteta acaggcccat ctttecaggg aagcattatce ttgaccaget gaaccacatt 960

ttgggtattc ttggatcccc atcacaagaa gacctgaatt gtataataaa tttaaaagct 1020
aggaactatt tgctttctcect tceccacacaaa aataaggtgc catggaacag gcectgttccca 1080
aatgctgact ccaaagctct ggacttattg gacaaaatgt tgacattcaa cccacacaag 1140
aggattgaag tagaacaggc tctggcccac ccatatctgg agcagtatta cgacccgagt 1200
gacgagccca tcgceccgaagce accattcaag ttcgacatgg aattggatga cttgcctaag 1260
gaaaagctca aagaactaat ttttgaagag actgctagat tccagccagg atacagatct 1320
taaatttgtc aggtacctgg agtttaatac agtgagctct agcaagggag gcgctgectt 1380
ttgtttctag aatattatgt tcctcaaggt ccattatttt gtattctttt ccaagctcect 1440
tattggaagg tattttttta aatttagaat taaaaattat ttagaaagtt acatataaa 1499
<210> SEQ ID NO 18

<211> LENGTH: 360

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18

Met Ala Ala Ala Ala Ala Ala Gly Ala Gly Pro Glu Met Val Arg Gly
1 5 10 15

Gln Val Phe Asp Val Gly Pro Arg Tyr Thr Asn Leu Ser Tyr Ile Gly
20 25 30

Glu Gly Ala Tyr Gly Met Val Cys Ser Ala Tyr Asp Asn Val Asn Lys
35 40 45

Val Arg Val Ala Ile Lys Lys Ile Ser Pro Phe Glu His Gln Thr Tyr
50 55 60

Cys Gln Arg Thr Leu Arg Glu Ile Lys Ile Leu Leu Arg Phe Arg His
65 70 75 80

Glu Asn Ile Ile Gly Ile Asn Asp Ile Ile Arg Ala Pro Thr Ile Glu

Gln Met Lys Asp Val Tyr Ile Val Gln Asp Leu Met Glu Thr Asp Leu
100 105 110
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Tyr Lys Leu Leu Lys Thr Gln His Leu Ser Asn Asp His Ile Cys Tyr
115 120 125

Phe Leu Tyr Gln Ile Leu Arg Gly Leu Lys Tyr Ile His Ser Ala Asn
130 135 140

Val Leu His Arg Asp Leu Lys Pro Ser Asn Leu Leu Leu Asn Thr Thr
145 150 155 160

Cys Asp Leu Lys Ile Cys Asp Phe Gly Leu Ala Arg Val Ala Asp Pro
165 170 175

Asp His Asp His Thr Gly Phe Leu Thr Glu Tyr Val Ala Thr Arg Trp
180 185 190

Tyr Arg Ala Pro Glu Ile Met Leu Asn Ser Lys Gly Tyr Thr Lys Ser
195 200 205

Ile Asp Ile Trp Ser Val Gly Cys Ile Leu Ala Glu Met Leu Ser Asn
210 215 220

Arg Pro Ile Phe Pro Gly Lys His Tyr Leu Asp Gln Leu Asn His Ile
225 230 235 240

Leu Gly Ile Leu Gly Ser Pro Ser Gln Glu Asp Leu Asn Cys Ile Ile
245 250 255

Asn Leu Lys Ala Arg Asn Tyr Leu Leu Ser Leu Pro His Lys Asn Lys
260 265 270

Val Pro Trp Asn Arg Leu Phe Pro Asn Ala Asp Ser Lys Ala Leu Asp
275 280 285

Leu Leu Asp Lys Met Leu Thr Phe Asn Pro His Lys Arg Ile Glu Val
290 295 300

Glu Gln Ala Leu Ala His Pro Tyr Leu Glu Gln Tyr Tyr Asp Pro Ser
305 310 315 320

Asp Glu Pro Ile Ala Glu Ala Pro Phe Lys Phe Asp Met Glu Leu Asp
325 330 335

Asp Leu Pro Lys Glu Lys Leu Lys Glu Leu Ile Phe Glu Glu Thr Ala
340 345 350

Arg Phe Gln Pro Gly Tyr Arg Ser
355 360

<210> SEQ ID NO 19

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<223> OTHER INFORMATION: Primer A

<400> SEQUENCE: 19

gagtggttac gcgcggcgceg 20

<210> SEQ ID NO 20

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<223> OTHER INFORMATION: MEK Primer

<400> SEQUENCE: 20

gcagagctgg tccecgttaac tg 22
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<210> SEQ ID NO 21

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<223> OTHER INFORMATION: Primer B

<400> SEQUENCE: 21

gcactactcg cctctgcacy

<210> SEQ ID NO 22

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<223> OTHER INFORMATION: Luc2 Primer

<400> SEQUENCE: 22

cgctgaattyg gaatccatct tg

<210> SEQ ID NO 23

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<223> OTHER INFORMATION: Primer TK1

<400> SEQUENCE: 23

ccgegtttat gaacaaacyg

<210> SEQ ID NO 24

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<223> OTHER INFORMATION: Primer TK2

<400> SEQUENCE: 24

gcagatcttyg gtggegtyg

20

22

19

18

What is claimed is:

1. An attenuated herpesvirus expressing less ICP34.5
activity than a wild-type herpesvirus and an inducible expres-
sion control element operatively linked to a coding region for
a polypeptide in the MEK pathway.

2. The attenuated herpesvirus according to claim 1 wherein
the herpesvirus is HSV-1.

3. The attenuated herpesvirus according to claim 1 wherein
the herpesvirus lacks a y,34.5 gene capable of expressing
active ICP34.5.

4. The attenuated herpesvirus according to claim 3 wherein
at least 10% of each coding region for ICP34.5 has been
deleted.

5. The attenuated herpesvirus according to claim 1 wherein
the polypeptide in the MEK pathway is selected from the
group consisting of MEK1, MEK2, ERK1, ERK2, Raf-1,
A-Raf, B-Raf, mos, Tp1-2, K-Ras, H-Ras and N-Ras.

6. The attenuated herpesvirus according to claim 5 wherein
the polypeptide is MEK-1 or MEK-2.

7. The attenuated herpesvirus according to claim 1 wherein
the polypeptide in the MEK pathway is selected from the
group consisting of K-Ras V12, K-Ras D12, K-Ras G12,
H-RasV12,K-Ras D13, N-Ras V12, Raf S338A, Raf S339A,
B-Raf V60OE, Raf-CAAX, Raf BXB, AN3MKK1 S218E/
S222D, AN3MKK?2 S218E/S222D, ERK2 E58Q, ERK2
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D122A, ERK2 S151A, ERK2 S221A, ERK2 S151D ERK
L73P and a full-length MEK-ERK fusion.

8. The attenuated herpesvirus according to claim 1 wherein
the inducible expression control element is inducible by
radiation or by exposure to a chemotherapeutic agent.

9. The attenuated herpesvirus according to claim 8 wherein
the inducible expression control element is a radioinducible
promoter.

10. The attenuated herpesvirus according to claim 9
wherein the radioinducible promoter is selected from the
group consisting of an Egr-1 promoter, a c-JUN promoter, a
TNF-o promoter, an MDR1 promoter, a tPA promoter, a recA
promoter, a p21 (WAF1) promoter, a CMVIE promoter, an
SV40 promoter, a pE9 promoter, a survivin promoter, an
IEX-1 promoter and a PKC promoter.

11. The attenuated herpesvirus according to claim 9
wherein the radioinducible promoter is the promoter for HSV
gC.

12. The attenuated herpesvirus according to claim 8
wherein the chemotherapeutic agent is selected from the
group consisting of a nitrogen mustard, an ethylenimine, a
methylmelamine, an alkyl sulfonate, a nitrosourea, a triazine,
a folic acid analog, a pyrimidine analog, a purine analog, a
vinca alkaloid, an epipodophylotoxin, an antibiotic, an
enzyme, a biological response modifier, a platinum coordi-
nation complex, a substituted urea, a methylhydiazine deriva-
tive and an adreocortical suppressant.

13. The attenuated herpesvirus according to claim 8
wherein the chemotherapeutic agent is selected from the
group consisting of mechlorethamine, cylophosphamide,
ifosfamide, melphalan, chlorambucil, hexamethylmelamine,
thiotepa, busulfan, carmustine, iomustine, chlorozoticin,
streptozocin, dicarbazine, methotrexate, S-fluorouracil,
floxuridine, cytarabine, azauridine, 6-mercaptopurine,
6-thioguanine, pentostatin, vinblastine, vincristine, etopo-
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side, teniposide, dactinomycin, daunorubicin, doxorubicin,
bleomycin, plicamycin, mitoxanthrone, L-asparaginase,
Interferon-c0, cisplatin, carboplatin, hydroxyurea, procarba-
zine, taxol and mitotane.

14. The attenuated herpesvirus according to claim 1 further
comprising a coding region for an expressible marker.

15. A method of treating a cell proliferative disorder com-
prising administering a therapeutically effective amount of a
herpesvirus according to claim 1 in combination with a thera-
peutically effective amount of an anti-cell proliferation agent
selected from the group consisting of radiation and a chemo-
therapeutic agent.

16. The method according to claim 15 wherein radiation is
selected from the group consisting of a proton emission, a
neutron emissioll, an a radioisotope, a § radioisotope, a vy
radioisotope and ultraviolet radiation.

17. The method according to claim 16 wherein radiation
comprises ionizing radiation.

18. The method according to claim 15 wherein the disorder
is selected from the group consisting of a cancer, rheumatoid
arthritis and macular degeneration.

19. A method of ameliorating a symptom of a cell prolit-
erative disorder comprising administering a therapeutically
effective amount of a herpesvirus according to claim 1 in
combination with a therapeutically effective amount of an
anti-cell proliferation agent selected from the group consist-
ing of radiation and a chemotherapeutic agent.

20. Use of the herpesvirus according to claim 1 in the
preparation of a medicament for the treatment of a subject
with a cell proliferation disorder.

21. A composition comprising the herpesvirus according to
claim 1 in combination with a pharmaceutically acceptable
adjuvant, carrier or diluent.
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