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RECOMBINANT HERPES SIMPLEX VIRUS
USEFUL FOR TREATING NEOPLASTIC
DISEASE

U.S. GOVERNMENT RIGHTS

The U.S. government may own certain rights in the inven-
tion pursuant to grants from the National Institutes of Health
(NC1-CA47451, NIAID-AI124009, NC1-K12-CA01719,
and NINDS-NS31096) and a research grant from the U.S.
Department of Energy (DEFG05-93ER61654).

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention generally relates to methods for the treat-
ment of cancer and other neoplastic diseases and, more spe-
cifically, to recombinant herpesviruses comprising DNA
encoding various cytokines and their use in treating cancer
and other neoplastic diseases of the central nervous system.

2. Related Technology

Neoplastic diseases of the central nervous system (CNS)
present a tremendous therapeutic challenge in spite of
advances in accepted treatment modalities such as surgery,
radiotherapy, and chemotherapy. Survival of patients afflicted
with certain types of brain tumors from the time of diagnosis
is usually measured in months, while recurrence after treat-
ment is normally associated with a life expectancy measured
in weeks. More recent therapies involve the use of genetically
engineered viruses and immunotherapy to destroy tumor
cells.

Genetically engineered (recombinant) viruses have been
studied at length for use as vectors for achieving a number of
therapeutic objectives. Such objectives include (1) delivery to
cells of normal copies of genes to circumvent the pathologic
effect of missing or mutated endogenous genes, 2) selective
destruction of cancer cells, and 3) immunization with one or
more antigens in order to confer immunity to an infectious
agent or to stimulate the host’s immune system function so as
to recognize, for example, tumor associated antigens.

Approaches to viral therapy of neoplastic disease are two-
fold. A first approach includes the use of non-destructive
viruses (e.g. genetically-altered retroviruses) to introduce
into cells genes that express an enzyme such as the herpes
simplex virus (HSV) thymidine kinase enzyme that the cells
do not otherwise express. The rationale of this type of therapy
is to selectively provide tumor cells with an enzymatic activ-
ity that is lacking or is much lower in the normal cells and
which renders the tumor cells sensitive to certain drugs. For
example, drugs such as gancyclovir and acyclovir require
phosphorylation by thymidine kinase before they are active.
Providing tumor cells with the viral thymidine kinase gene
allows the cells to phosphorylate and thus activate the drug
which may then be incorporated into the DNA of dividing
tumor cells or otherwise inhibit DNA synthesis in those cells,
thereby leading to the destruction of the cells.

Another approach to viral therapy of neoplastic disease
involves direct inoculation of tumor with debilitated or
attenuated viruses, which require for replication, certain fac-
tors that are present in tumor cells but that are not present in
normal cells. For example, tk~ HSV mutants (i.e., HSV
mutants lacking the tk or thymidine kinase gene) have been
directly injected into tumors in mice having CNS neoplastic
disease, thereby leading to the infection and ultimate destruc-
tion of the tumor cells. Nonetheless, some of the test animals
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died presumably of viral encephalitis before any tumor-re-
lated deaths in the control group. [Martuza et al., Science
252:854-856 (1991)]

The rationale for the use of tk™ viruses is based on the fact
that such mutant viruses are totally dependent on cellular
thymidylate synthetase as a source of thymidine triphosphate
for DNA replication. Therefore, these mutant viruses exhibit
areduced virulence for normal central nervous system tissues
yet are able to actively multiply in and infect tumor cells
which have sufficient levels of thymidylate synthetase to sup-
port viral DNA synthesis thereby causing the destruction of
the tumor cells.

Inpractice, anumber of limitations to this approach to viral
therapy of neoplastic disease exist. Specifically, a major limi-
tation to the use of tk™ viruses is that these mutant viruses are
not completely avirulent. Another limitation to this approach
is the lack of a secondary or alternative mechanism of action.
More particularly, in the event complications arise to com-
promise the primary mechanism of action (i.e., infection and
destruction of tumor cells), unlike the tk* viruses discussed
above, the tk™ viruses would be unable to phosphorylate such
pro-drugs as acyclovir or gancyclovir to an active form (due to
the lack of thymidine kinase), thereby not providing or alter-
native or a secondary mechanism of action.

An alternative to the viral mutants referenced to above is
the use of HSV mutants (in which a particular gene or genes
are rendered incapable of producing an active gene product)
that are unable to grow in the normal CNS cells but which are
capable of growth in CNS tumor cells. One such gene is the
¥,34.5 gene. The y,34.5 gene maps within the inverted repeats
abandb'a’ sequences flanking the unique long (U; ) domain of
the HSV genome and is, therefore, present in two copies per
genome. [Chou et al., Science, 250:1262-1266 (1990).]

Numerous studies have been conducted with HSVs in
which the y,34.5 gene or genes have been inactivated by
substitutions, deletions, or insertions of mutations. For
example, it has been shown that y,34.5 (null) mutants are
highly attenuated (PFU/LDs,ratios>10°) in mice. Further, it
has been demonstrated that in cells of human derivation
infected with y,34.5” viruses, initiation of viral DNA synthe-
sis induces a total shutoft of protein synthesis and results in
reduced viral yields.

Studies using the y,34.5 deletion mutant (R3616) for the
therapy of central nervous system tumors indicate that this
virus is superior to deletion mutants used previously. More
particularly, it was shown that ay,34.5” virus (i.e., the R4009
virus, containing a mutation via insertion of an in-frame stop
codon in the y,34.5 genes), is significantly better than the
R3616 null mutant in its ability to destroy cancer cells and
prolong the life of mice bearing central nervous tumors. In
some instances, mice survived tumor free.

The use of genetically engineered herpes simplex virus
(HSV) for treatment of malignant gliomas has been described
previously. As these studies used immunocompromised mice,
a central question arose as to (1) whether the infection
induced an immune response to the tumor cells, and (2)
whether the response could be modified by cytokines
expressed from genes cloned into the virus.

Enhancement of the immune response to malignant glio-
mas has recently emerged as a major avenue of potential
therapy. This approach is based on the observation that
patients with malignant brain tumors are immunosuppressed
(i.e., immunosuppression of T-cell functions). Although glio-
mas are poor antigen-presenting cells in vivo with low expres-
sion of MHC class [ and I1 antigens, they also secrete several
glioma suppressor factors such as TGF-p2 and prostaglandin
E,. Therefore, a major goal of cancer immunotherapy is to
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stimulate recognition of tumor cells by the host’s immune
system and to activate tumor antigen-specific cellular immu-
nity.

Direct transfer of cytokine genes in tumor cells has
emerged as a powerful immunotherapeutic tool in the new
approaches for the management of cancer patients. In experi-
ments with animal models, tumor cells transduced with
cytokine or growth factor genes such as interleukin IL-1,
1L-2, 1L-4, IL-6, IL-7, interferon (IFN-y), tumor necrosis
factor (TNF)-a, and granulocyte-macrophage colony stimu-
lating factor (GM-CSF) have demonstrated in vivo inhibition
of tumor growth by stimulating localized inflammatory and/
or immune responses. In contrast, cytokines like IL.-5 and
1L-10 fail to stimulate host immunity and do not kill tumor
cells. Transforming growth factor $2 (TGF-f2) has been
shown to decrease or inhibit immunogenicity.

The therapeutic efficacy of cytokine therapy in intracere-
bral neoplastic disease has been tested only recently. More
specifically, retrovirus vectors have been utilized primarily to
transduce cytokine genes into glioma cells. Initial results
from these studies have been mixed, at best. Therefore, there
remains a need for a more suitable viral vector with which to
introduce therapeutic genes, e.g., cytokine genes, into central
nervous system tumors, for the purpose of treating the neo-
plastic disease. Preferably, such viral vectors (i.e., adenovi-
rus, adeno-associated virus and herpes simplex virus or oth-
ers) are capable of expressing the foreign gene (i.e., cytokine)
and/or are capable of replicating conditionally within the
tumor area. A further desirable characteristic would be that
the viral vector be highly neurotropic. Such characteristics
are expected to produce a more potent cytokine-mediated
anti-tumor effect as compared to the cytokine-mediated anti-
tumor effect obtained via administration of a retroviral vector.

SUMMARY OF THE INVENTION

The invention is directed to recombinant herpes simplex
viruses incapable of expressing an active y,34.5 gene product
and comprising DNA encoding a cytokine. Also provided are
herpes simplex virus DNAs incapable of expressing an active
v,34.5 gene product and further comprising a DNA encoding
a cytokine.

The invention is also directed to host cells transformed or
transfected by the recombinant herpes simplex virus or the
DNAs of the invention.

Further, the invention is directed to methods of treating
neoplastic diseases, especially neoplastic diseases of the cen-
tral nervous system via administration of the recombinant
herpes simplex viruses or the herpes simplex virus DNAs of
the invention to patients having a neoplastic disease.

Other objectives and advantages of the invention may be
apparent to those skilled in the art for a review of the follow-
ing detailed description, including the drawings, and the
approved claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a structure of a cytokine expressing viruses
as schematic representations of sequence arrangements of
recombinant virus R3659 and the mutant viruses derived
therefrom. Line 1: the genomic structure of recombinant virus
R3659, constructed from HSV-1(F) A305, lacks the Stul-
BstEIl fragment from domain of y,34.5 gene, which is
replaced by the chimeric a27-tk gene. Line 2: the filled bar
indicates the coding domain of the tk gene, and the thin line on
the left side (5') indicates the a27 promoter. The arrow indi-
cates the direction of transcription. Line 3: the cytokine clon-
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ing cassette. The open bar indicates the position of the cytok-
ine cloned into the cassette, the diagonal hatched bar on the
left side (5') indicates the Egr-1 promoter sequence. The
vertical hatched bar on the right side (3') indicates the hepa-
titis B virus poly-A signal sequence. The arrow indicates the
site of transcription initiation. “B” represents the BamHI
restriction site. Lines 4 and 5: sequence arrangements of
recombinant viruses R8305/R8306(tk™) and R8307/R8308
(tk™). The open bars indicate the coding sequences of murine
IL-4 or IL-10 ¢cDNA.. The thin lines represent the untranslated
region of murine I1.-4 or IL-10 cDNA.

FIGS. 2A and 2B show results from replication compari-
son studies of wild-type [HSV-1(F)] and recombinant HSVs
(R8306, R8308, and R3616) in human foreskin fibroblasts.
Human foreskin fibroblast cultures were either replicating,
sparse monolayers (FIG. 2A) or contact-inhibited, confluent
monolayers (FIG. 2B) when infected with 0.1 PFU/cell of
HSV-1 (F) (open squares), R8306 (IL-4; closed circles),
R8308 (IL-10, closed squares) or R3616 (open circles). Rep-
licate cultures were harvested at 24 hour intervals and virus
titers determined.

FIGS. 3A and 3B show a comparison of the replication
ability of wild-type [HSV-1(F)] and recombinant HSV
(R8306, R8308, or R3616) in human malignant glioma cell
lines (U-251MG or D-54MG). Replicating monolayers of
U-251MG (FIG. 3A) or D-54MG (FIG. 3B) human glioma
cell lines were infected at 1 PFU/cell with HSV-1(F) (open
squares), R8306 (closed circles) R8308 (closed squares) or
R3616 (open circles). Replicate cultures were harvested for
12, 24, 48, and 72 hours post-infection, with viral titers deter-
mined on Vero monolayers.

FIG. 4 shows the results of dose-response studies wherein
host survival was determined after administration of GL-261
glioma cells. C57BL/6 mice were injected intracerebrally
with 10° (closed triangle), 104 (closed squares) or 10° (closed
circles) GL-261 cells suspended in 5 pl of 5% methylcellu-
lose in DMM/F12 serum-less medium. Mice were followed
until moribund and euthanized when uncharacteristically
unresponsive to touch.

FIG. 5 shows the oncolytic effect of y,34.5" HSV for
GL-261 gliomas. C57BL/6 mice were injected intracere-
brally with 10° GL-261 glioma cells and five days later
received a 5 pl intratumoral injection of excipient solution
(closed triangles) or 10° PFU of either R3616 (closed circles)
or R4009 (closed squares) HSV. Mice were followed until
moribund and euthanized when uncharacteristically unre-
sponsive to touch. R4009-treated mice surviving 80 days
were euthanized as long-term survivors.

FIG. 6 shows the anti-tumor effect of y,34.5 HSV contain-
ing DNA encoding cytokines for GL-261 gliomas. C57BL/6
mice were injected intracerebrally with 10° GL-261 glioma
cells and five days later received a 5 pl intratumoral injection
of excipient solution (closed circles) or 5x10° PFU of either
R8306 (closed squares) or R8308 (closed triangles). Mice
were followed until moribund and euthanized when unchar-
acteristically unresponsive to touch.

FIG. 7 shows the anti-tumor effect of y,34.5~ HSV con-
taining DNA encoding 1[.-4 for GL-261 gliomas. C57BL/6
mice were injected intracerebrally with 10° GL-261 glioma
cells and five days post-injection received a 5 pl intratumoral
injection of excipient solution (closed circles) or 2x10° PFU
of R8306 (closed squares) or 2x10° PFU of R8306 (closed
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triangles). Mice were followed until moribund and were
euthanized when uncharacteristically unresponsive to touch.

DETAILED DESCRIPTION OF THE INVENTION

The treatment of human neoplastic diseases of the central
nervous system remains a formidable problem inasmuch as
therapeutic advances have not significantly improved clinical
outcome. The utilization of viruses to treat such diseases is
one of the current therapeutic modalities under intensive
study as possible therapeutic agents in humans. Current stud-
ies have been built upon prior observations which recognize
that a recombinant HSV that is incapable of producing an
active y,34.5 gene product significantly prolonged survival,
and in some instances cured scid mice implanted intracere-
brally with human glioma cells.

A central problem in the treatment of neoplastic diseases of
the central nervous with oncolytic viruses rests on the fact that
it is unlikely that all tumor cells can be infected and destroyed
by a single or even multiple administrations of the virus.
Hence effective treatment should take into account other fac-
tors such as host immune response in addition to the cytotoxic
effects resulting from viral gene expression.

In order to address this problem, recombinant herpes sim-
plex viruses are provided which are capable of preferentially
killing neoplastic CNS cells instead of normal CNS cells, and
which provide a further means for modulating the host’s
immune response so as to augment the therapeutic effective-
ness of the recombinant viruses. This first prong of this two-
pronged therapeutic effect is achieved by providing a herpes
simplex virus having genomic alterations which render the
virus capable of preferentially killing tumor cells instead of
normal cells. This is achieved (by way of non-limiting
example) by provided a herpes simplex virus incapable of
expressing an active y,34.5 gene product. Such viruses may
lack y,34.5 genes altogether or may have altered y,34.5 genes
which do not permit expression of an active gene product. The
v,34.5 gene alterations may include nucleotide substitutions
which result in a gene product having an altered amino acid
composition which renders the gene product inactive. Other
alterations include the insertion of stop codons, deletions of
portions of the gene and alterations in promoter/regulatory
regions of the gene which prevent expression of the y,134.5
genes. Chou et al., Science, 250:1262-1266 (1990). Other
viral genomic alterations such as the insertion of DNA into
the y,34.5 genes which, when expressed, do not produce an
active v,34.5 gene product are also contemplated. Still other
genomic alterations encompassed by the invention involve
the inactivation of genes whose expression product activates
or induces expression of y,34.5 genes. Other genomic alter-
ations may facilitate selection of recombinant viruses or may
confer altered growth properties on the virus. Methods for
preparing such recombinant viruses are well known in the art
and such methods are exemplified below. Also encompassed
by the invention are viruses which express only one copy of
the y,34.5 genes.

The second prong of the therapeutic effect achievable by
use of the present invention involves providing to the tumor-
bearing host, a means for modulating its immune response so
as to more effectively recruit components of the host immune
system to the tumor site and/or to stimulate a hormonal
response and, as a result, to augment tumor cell killing.
Accordingly, a recombinant herpes simplex virus incapable
of expressing an active y,34.5 product is further modified so
as to comprise an expressible DNA (for example a cDNA)
encoding a cytokine. The cytokine-encoding DNA compris-
ing the viruses of the present invention may be under the
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regulatory control of a herpesvirus promoter or an exogenous
promoter capable of directing expression of the cytokine-
encoding DNA during the infection cycle of the recombinant
virus. The promoters may be derived from the group of pro-
moters consisting of herpes simplex virus immediate early,
early, and late promoters, or they may be hybrid promoters
which permit prolonged expression of the cytokine-encoding
DNA during the replication cycle of the virus. In a preferred
embodiment of the invention, the cytokine-encoding DNA is
under the promoter-regulatory control of the HSV EGR-1
promoter. Synthetic promoters useful in the practice of the
invention are exemplified by a promoter comprising a herpes
simplex virus a gene promoter fragment operatively linked 5'
to a herpes simplex virus y gene promoter fragment since, as
those described in U.S. Pat. No. 5,641,651, the disclosure of
which is incorporated herein by reference. An illustrative
synthetic promoter comprises a herpes simplex virus o gene
promoter fragment operatively linked 5' to a herpes simplex
virus y gene promoter fragment. The a gene fragment may
comprise promoter sequences upstream of the transcription
initiation site of the a4 gene and the y gene promoter fragment
may comprise a transcription initiation site and the 5' non-
coding region of the y,U;19 gene.

The cytokine-encoding DNA may be inserted at any loca-
tion in the herpesvirus genome so long as the insertion does
not disrupt a region of the viral DNA necessary to its tumor
cell cytolytic functions, and so long as the DNA can be
expressed to produce a cytokine.

A preferred site for insertion of the cytokine-encoding
DNA is in y,34.5 gene or a region of the HSV genome from
which the v,34.5 genes were deleted.

Recombinant viruses of the invention may also comprise
more than one copy of a cytokine DNA or may comprise two
or more different cytokine-encoding DNAs so as to optimize
the immunostimulatory effects of the virus.

Among the cytokines contemplated for use in the invention
areIL-1,1L-2, IL-4, IL-5, IL-6, IL-7, IL-10, interferon (IFN-
v), and tumor necrosis factor (TNF-a), all of which have
demonstrated in vivo inhibition of tumor cell growth by at
least in part, stimulating localized inflammatory and/or
immune responses.

A number of cytokine encoding DNAs which are useful in
the practice of the present invention are described in the
following references which are incorporated herein by refer-
ence. For example, Douvdevani et al. describe an I1.-1 encod-
ing DNA which, when transferred into fibrosarcoma cells,
reduces their tumorigenicity. March et al., Nature, 315:641
(1985) have described an IL-1 encoding DNA useful in the
practice of the present invention. DNAs encoding I.-2 and
which are useful in the practice of the present invention have
been described by Taniguchi et al., Nature, 302:305 (1983),
Maeda et al., Biochem. Biophys. Res. Commun., 115:1040
(1983), and Fearon et al., Cell, 60:397-403 (1990). I1I-4
encoding DNA which is useful in the practice of the present
invention has been described by Yakota et al., Proc. Natl.
Acad. Sci., USA, 83:2061-2065 (1986) American Type Cul-
ture Collection (ATCC) 10801 University Blvd., Manassas,
Va. 20140-2209 (ATCC Accession No. 32561) and Golum-
becketal., Science, 254:713-716 (1991). IL-6 encoding DNA
has been described by Porgador et al., Cancer Res., 52:3679-
3686. DNA encoding IL-7 has been described by Goodwin et
al., Proc. Natl. Acad. Sci., USA, 86:302 (1989).

Interferon gamma (IFN v) encoding cDNAs have been
described by Gray etal., Nature, 295:503 (1982); Devos etal.,
Nucl. Acids Res., 10(8):2487 (1982); Rinderknecht, E., J.
Biol. Chem., 259(11):6790 (1984); and ATCC Accession No.
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185990. As is readily apparent, cytokine encoding DNAs
according to the invention may be of human or non-human
origin.

Methods for inserting cytokines encoding DNAs such as
those described above into the viral genome are well known in
the art and are described, for example, in Current Protocols in
Molecular Biology, Ausubel et al., Eds. John Wiley and Sons
USA (1997) (incorporated herein by reference) and are exem-
plified in detail below. Methods for obtaining cytokine-en-
coding DNA from various species, including humans, are
well known in the art and depends primarily on the ability of
the cytokine-encoding DNA to hybridize across species.
Such methods are described in detail in Current Protocols in
Molecular Biology, supra (incorporated herein by reference)
Polymerase chain restriction methods may also be used to
obtain cytokine-encoding DNAs from a variety of species
(including human). See, e.g., Current Protocols in Molecular
Biology, supra (incorporated herein by reference).

By way of illustration, in one embodiment of the present
invention, a recombinant herpes simplex virus type 1 was
prepared in which both copies of the viral y,34.5 genes were
replaced by chimeric IL.-4-encoding DNAs. The construction
of the recombinant virus was accomplished by a two-step
process. In the first step, HSV-1 genome was modified by
replacing its v, 134.5 genes with a chimeric gene consisting of
the coding domain of an HSV-1 thymidine kinase (tk) gene
fused to a promoter derived from the a27-tk genes with a
chimeric murine IL.-4 gene under the regulatory control of an
EGR-1 promoter and which further comprises a hepatitis B
virus polyadenylation signal. Another recombinant HSV-1
was similarly prepared wherein the viral y,34.5 genes were
replaced with a cDNA encoding murine IL.-10 which was also
placed under the regulatory control of an EGR-1 promoter
and which further comprises a hepatitis B mix polyadenyla-
tion signal.

Another therapeutic approach according to the invention
involves the use of two or more recombinant herpes simplex
viruses which express different cytokines which may have
additive or synergistic effects on the host’s immune system.

The recombinant viruses of the invention may be admin-
istered to the tumor-bearing host by any of a number of
approaches well known to those of skill in the art. Direct
intratumoral injection provides a controllable means of treat-
ing tumors. Retrograde axonal transport is another means by
which the recombinant viruses may be introduced into a
tumor, from a site remote from the tumor.

The invention is also directed to methods of using the
recombinant viruses of the present invention for the treatment
of tumors and pharmaceutical compositions comprising a
recombinant virus of the invention in a pharmaceutically
acceptable diluent, adjuvant, or carrier. The methods include
treatment of the tumors with one or more of the viruses of the
present invention as well as combination therapies by which
the tumor-bearing patient is treated with other therapeutic
modulates such as radiation, chemotherapy, or surgery along
with or as an adjunct to treatment with the recombinant
viruses.

While a variety of cytokines were available, interleukin-4
(IL-4) and interleukin-10 (IL-10) were chosen for initial stud-
ies. However, other cytokines. The selection of IL.-4 was
predicated upon its known ability to induce macrophage and
CDS8 T cell proliferation as well as B lymphocyte differentia-
tion. IL-4 is also one of the few interleukins whose interaction
with its receptors is species-specific. To contrast with this
potential for enhancement of the immune response, 1L.-10
was selected because of its known capacity to suppress host
immune responses. The expectation was that if the cytokines
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were not expressed or if the immune system played little or no
role in tumor progression, the median survival of tumor-
bearing mice treated with cytokine-expressing virus would be
similar to that of mice treated with non-cytokine-expressing
virus.

Immunocompetent C57BL/6 mice with intracranial glio-
mas induced with syngeneic GL-261 cells were utilized to
assess the effects of recombinant y,34.5” viruses comprising
DNA encoding cytokines on the gliomas.

The invention is illustrated by the following examples,
which are not intended to limit the scope of the invention as
recited in the claims.

Example 1 provides the methods for construction of exem-
plary recombinant herpesviruses of the invention.

Example 2 describes a comparison of the replication com-
petence of recombinant HSVs (R8306 and R8308) and wild-
type HSV (HSV-1[F)) in both Vero cells and human foreskin
fibroblasts.

Example 3 describes the ability of the wild-type (HSV-1
[F]) and recombinant HSVs (R8306 and R8308) to replicate
in tumor (glioma) cell lines U251MG and D54MG.

Example 4 illustrates the production of cytokines I[.-4 and
IL-10 by Vero cells infected by recombinantly-produced
HSVs that contain DNA encoding murine IL.-4 or IL-10.

Example 5 describes (a) the sensitivity of tumor cells to the
direct cytolytic effects of HSVs R8306 and R8308, (b) the
relation between the quantity of GL-261 glioma cells injected
intracerebrally and host survival, and (c) the sensitivity of in
vivo tumors to the treatment of either HSV R8306 or HSV
R8308.

Example 6 describes the infiltration of immune-related
cells (i.e., macrophages, CD4+ and CD8+ T cells) into tumor
sites treated with recombinantly produced HSVs containing
DNA encoding murine interleukins.

Example 1

Construction of Recombinant HSV Containing DNA
Encoding Murine IL.-40R IL-10

While the following is exemplified by the use of herpes
simplex type 1 (HSV-1), other herpesviruses, whose genomic
structures have been characterized such as HSV-2, may be
also employed in the practice of the present invention.

Recombinant viruses (HSV) were constructed in which
both copies ofthey,34.5 gene in the wild type HSV-1(F) were
replaced by ¢cDNAs encoding specific cytokines (i.e., the
HSVs lacked expressible y,34.5 genes). Specifically, the
c¢DNAs of the inserted cytokines either encoded 140 codons
for interleukin-4 (IL-4) or 178 codons for interleukin-10 (IL-
10). HSV-1(F) is a low passage clinical isolate used as the
prototype HSV-1 strain and has been described in detail pre-
viously [Postetal., Cel/25:227-232 (1981) and Jenkins et al.,
J. Virol. 59:494-499 (1986), both incorporated herein by ref-
erence].

The construction of the recombinant viruses was per-
formed via a two step process. In the first step, the y,34.5
genes were replaced by a chimeric gene consisting of the
coding domain ofthe HSV-1 (F) tk gene fused to the promoter
of the 027 HSV gene to yield a recombinant virus R3659
described previously [Lagunoff and Roizman, J Virol
69:3615-3623 (1995), incorporated herein by reference)]. In
the second step, both copies of the a27-tk genes were
replaced by the chimeric genes encoding the cytokines as
described directly below.
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Plasmids

Plasmids containing murine cytokines were obtained from
the American Type Culture Collection (Manassas, Va.). Plas-
mid p2A-E3 (ATCC accession no. 37561) contained a 0.59
kbp BamHI fragment of murine I[.-4 encoding cDNA cloned
into the BamHI site of pBR322. Plasmid pcD(SRalpha)-F15
contained a 1.34 kbp fragment of murine cDNA encoding
IL-10 cloned into the BamHI site of pBR322. The plasmid
pRB4874 contained a 0.48 kbp Xbal-Sall fragment of the
Egr-1 promoter sequences. The pRB4875 contained the
BamHI S fragment of HSV-1(F) cloned into the BamHI site
of pUC19. The pRB3879 contained a 0.58 kbp DNA frag-
ment encoding the hepatitis B virus polyA signal sequences.

To construct a cytokine expressing cassette, pRB4875 was
cleaved with SbtEIl and BspEl, and a 0.77 kbp fragment
containing most of the y,34.5 gene coding sequences was
replaced with the double stranded DNA oligomer linker

(SEQ ID NO.
GTAACCCTCGAGGGTACCAGATCTGTCGACGATATCTCTAGAT

and its complement,

(SEQ ID NO.
CCGGATCTAGAGATATCGTCGACAAGTCTGGTACCCTCGAGG

to yield pPRB4876. pPRB4876 was then digested with Xhol and
then treated with Klenow fragment to blunt the ends of the
DNA fragments. A 0.48 kbp Sphl-Kpnl fragment containing
the Egr-1 promoter from pRB4874 was blunt-ended with T4
polymerase and ligated in the Xhol/Klenow site of pRB4876,
yielding plasmid pRB4877. Plasmid pRB4877 was digested
with EcoRI and a 0.58 kbp Kpnl fragment containing hepa-
titis B polyA signal sequence from pRB3879 was blunt-
ended with T4 polymerase and then inserted into the EcoRV
site of pRB4877, resulting in plasmid pRB4878 that consists
of the Egr-1 promoter, polylinker sites and the hepatitis B
polyadenylation signal.

To construct the cytokine expressing plasmid pRB4879,
plasmid pRB4878 was cleaved with Kpnl and blunt-ended
with T4 polymerase, then a 0.95 kbp BamHI-HindII1/Klenow
fragment containing 11.-10 ¢cDNA from pcD(Sralpha)-F15
was then inserted into the blunt ended Kpnl site of pRB4878.
In this plasmid, the expression of IL.-10 was driven by the
Egr-1 promoter. Plasmid pRB4881 was constructed by ligat-
ing a 0.59 kbp BamHI/Klenow fragment that contained 1L.-4
c¢DNA from p2A-E3 into the blunt ended Kpnl site of plasmid
pRB4878.

Construction of Recombinant Viruses

Transfection of viral DNA was performed in rabbit skin
cells by a method previously described in Post et al., Cell,
25:227-232 (1981) and in U.S. Pat. No. 5,328,688, both of
which are incorporated herein by reference. Selection for
recombinant viruses that were tk* was performed on human
143TK™ (thymidine kinase minus) cells (cells obtained from
Dr. Carlo Croce, Thomas Jefferson University, School of
Medicine, Philadelphia Pa. although other TK™ cells may be
used for the selection overlaid in HAT medium (Dulbecco’s
Modified Eagle Medium) containing 5% fetal bovine serum,
hypoxanthine, aminopterin and thymidine), whereas the
selection of tk™ viruses was accomplished via the use of
human 143TK™ cells overlaid with Dulbecco’s Modified
Eagle Medium containing 5% newborn calf serum and 100 ug
of bromodeoxyuridine (BUdR) per ml of medium. See, Post
et al., Cell, 25:227-232 (1981) and U.S. Pat. No. 5,328,688
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incorporated herein by reference. Viral DNAs were isolated
from infected cells and purified on Nal gradients using the
method described by Roizman et al., Science 129:1208-1218
(1985), incorporated herein by reference. The recombinant
viruses R8305 and R8307 were obtained by co-transfection
of R3659 [Chou et al., J. Virol 68:8304-8311 (1994), incor-
porated herein by reference] viral DNA with either plasmid
pRB4881 or pPRB4879 and by selecting tk™ progeny viruses in
human 143TK~ cells overlaid with medium containing
BUdR. Recombinant viruses R8306 and R8308 were con-
structed by co-transfection of rabbit skin cells with R8305 or
R8307 viral DNA, respectively with plasmid pRB4867. tk*
viruses corresponding to R8306 and R8308 were selected by
plating the progeny of transfection on 143TK™ cells in HAT
medium. The genotype of recombinant viruses selected in
this fashion was verified by hybridization of electrophoreti-
cally separated restriction enzyme digests with appropriate
32[p] labeled DNA probes as previously described [Shih et
al., Proc. Natl. Acad. Sci. 81:5867-5870 (1984), incorporated
herein by reference]. FIG. 1 sets forth a schematic illustration
of the structure of these wild type and recombinant viruses.
The following recombinant viruses which lack a v,34.5
gene capable of expressing an active gene product and which
further comprise the indicated cytokine-encoding DNA and
which are preferred embodiments of the present invention
were deposited with the American Type Culture Collection,
10801 University Boulevard, Manassas, Va. 20110 on Jul. 1,
1998, and have been assigned the following accession nos.:

Virus Accession No.

R8&306 (IL-4) VR-2622

R8&308 (IL-10) VR-2621

R8&314 (IL-2) VR-2623

R8&316 (IL-5) VR-2620
Example 2

Replication of Wild-Type and Recombinant HSV In
Vero and Human Foreskin Fibroblasts

Earlier studies have shown that y,34.5~ viruses replicate
efficiently in Vero cells. Therefore, replication competence
comparison studies of the recombinant virus (R8306 1.4 or
R8308 IL.10) and wild-type HSV [HSV-1(F)] were under-
taken in Vero cells (obtained from American Type Culture
Collection, Rockville, Md.). Comparison replication compe-
tence studies were also conducted in human foreskin fibro-
blasts. The ability of the engineered HSV recombinants to
replicate in Vero and human foreskin fibroblasts was deter-
mined by infecting cells at a multiplicity of infection (MOI)
01 0.1 plaque forming units/cell (PFU/cell)

Dividing and contact-inhibited cultures of Vero and human
foreskin fibroblasts were generated as follows. Two sets of
trypsinized cells were plated in 24-well tissue culture trays
(Becton-Dickinson, Rutherford, N.J.). One set of cells was
infected with either the recombinant viruses or HSV-1 (F) 24
hrs post-seeding (dividing subconfluent cells). The second set
was incubated for three days in medium containing 7% fetal
bovine serum and subsequently transferred into medium con-
taining 2% fetal bovine serum for an additional two days to
generate contact inhibited monolayers prior to infection with
either the recombinant viruses or HSV-1(F) (confluent com-
parison). Infected vero cell monolayers were harvested at 24
and 48 hours post-infection and sonicated. Resulting lysates
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were assayed for their ability to form plaques on Vero cell
monolayers. Vero cells were fixed and stained with May-
Griinwald (Aldrich Chemical Company, Milwaukee, Wis.)
and Giemsa (Sigma Diagnostics, St, Louis, Mo.) stains and
plaques were counted by light microscopy. Results shown in
Table 1 (below) indicate no significant differences in the
ability of wild-type or recombinant viruses to replicate in
either confluent or subconfluent Vero cultures.

TABLE 1

Replication of Wild-Type and Recombinant Viruses
In Subconfluent and Confluent Vero Cell Cultures
(data express as plaque-forming units (PFU)/ml)

Subconfluent Confluent
Viruses 24 hrs 48 hrs 24 hrs 48 hrs
R8306 4.0 x 108 3.4 %106 6.7 x 10° 4.0 % 108
R8308 5.0 x 106 1.0x 107 2.1 x 107 1.4x 107
HSV-1(F) 3.6 x 107 4.0x 107 1.8x 107 4.0x 107

Replication comparison studies were also conducted using
dividing and non-dividing human foreskin fibroblasts. More
particularly, growth comparison studies of recombinant virus
(R8306, R8308, or R3616) and HSV-1(F) were conducted on
dividing or contact-inhibited cultures of human foreskin
fibroblasts infected at an MOI of 0.1 PFU/cell. Infected cells
were harvested daily and titers were determined. As shown in
FIGS. 2A and 2B, HSV-1(F) attained approximately equiva-
lent maximum titers in dividing (FIG. 2A) or contact-inhib-
ited (FIG. 2B) cultures at 48 or 72 hours, respectively, after
infection. In contact-inhibited cultures (FIG. 2B) replication
of all viruses was initially slower but by 72 hours post-infec-
tion, yields of IL.-4 and I[.-10-carrying-viruses were close to
those of the wild-type virus.

Although the two recombinant viruses, R8306 (IL-4) and
R8308 (IL-10) were constructed from a common parent virus
(R3616) lacking both copies of the y,34.5 gene, they repli-
cated better than R3616 in the human foreskin fibroblast
cultures. In fact, in all assays, R3616 grew poorly while
R8306 and R8308 recombinant viruses grew almost as well as
the wild-type virus.

Example 3

Replication of Wild-Type and Recombinant Viruses
in Tumor Cell Lines

Much as set forth in Example 2, replication comparison
studies were conducted with recombinant virus (R8306,
R8308, or R3616) or wild-type virus [HSV-1(F)] in U251MG
and D54MG human malignant glioma cells [D. D. Bigner,
Duke University, Durham, N.C.]. Glioma cell lines, U251MG
and D54MG, were seeded at subconfluent densities and
infected with at an MOI of 1 PFU/cell with R8306, R8308, or
R3616. HSV-1(F) was used as the wild-type control. After
adsorption (one hr, 37° C.), monolayers were washed, over-
laid with medium and further incubated (37° C., 5% CO,).
Cell monolayers were harvested at four 12, 24, 48 and 72
hours post-infection and were lysed by sonication. Lysates
were assayed for their ability to form plaques on Vero cell
monolayers as described in Example 2.

Results, shown in FIGS. 3A and 3B, indicated that in the
U251IMG cells, peak titers were obtained 24 hours post-
infection with which viruses, with high titers persisting for at
least another 48 hours. The R8306 and R8308 recombinant
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viruses replicated to a level close to that of the wild-type
virus, whereas the R3616 recombinant virus replicated at
significantly lower levels.

In D54MG glioma cells, peak titers were obtained 48 hours
post-infection, with almost identical virus titers obtained at
24 and 72 hours post-infection. R8306 and R8308 recombi-
nant viruses grew to titers which were, at most, ten-fold lower
that those of the wild-type virus whereas the titers of R3616
were significantly lower.

Example 4

Production of Cytokines by Recombinant
HSV-Infected Cells

In order to quantify the amount of cytokines produced by
the recombinant viruses of the invention, replicate cultures of
Vero cells were either mock-infected or infected with [R8306,
R8308, R3616, or HSV-1(F)] [?] at an MOI of 1.0 PFU/cell.
Culture medium was collected at 48 hours post-infection,
clarified by centrifugation, and the levels of cytokines were
determined by enzyme-linked immunosorbent assay
(ELISA) as described previously [VanCott et al., J. Immunol.
156:1504-1514 (1996)]. More particularly, Falcon Microtest
1I plates (Becton-Dickinson) were coated with 100 pl of anti-
cytokine antibody diluted in PBS and incubated overnight at
4° C. Anti-cytokine antibodies used were JES6-1A12, 5.0
pg/ml (IL-2), BVD4-1D11, 2.0 pg/ml (IL-4), TRFK-5, 10.0
ng/ml (IL-5), JESS5-2AS, 2.0 ug/ml (IL-10) and were obtained
from PharMinigen [San Diego, Calif.]. The wells were
blocked with PBS-T (phosphate buffer saline—Tween) con-
taining 1% BSA (bovine serum albumin) at room temperature
for one hour. Serial two-fold dilutions of supernates were
added to duplicate wells and incubated overnight at 4° C. The
wells were washed with PBS-T and incubated with appropri-
ate biotinylated anti-cytokine mAB (monoclonal antibody)
diluted in PBS-T with 1% BSA for one to two hours. The
following biotin-rat anti-mouse (PharMinigen) were used:
JES6-5H4, 0.4 ng/ml (IL-2), BVD4-24G2, 0.2 pg/ml (IL-4),
TRFK-4, 4.0 pg/ml (IL-5) and SXC-1, 0.3 pg/ml (IL-10).
After thorough washing, wells were incubated with peroxi-
dase-labeled anti-biotin antibody (0.5>g/ml; Vector Labora-
tories, Burlingame, Calif.) for one hour and developed with
ABTS-containing H,O, (Moss, Inc., Pasadena, Md.). Stan-
dard curves were generated using murine rI[.-2 (PharMin-
gen), rI.-4 (Endogen, Boston, Mass.), rIL.-5 and rIL-10 (Gen-
zyme, Cambridge, Mass.). Background was determined for
each cytokine assay by substituting different recombinant
cytokines as the only change.

As shown in Table 2, the interleukin-carrying recombinant
viruses induced the production of cytokines to levels ranging
from 1,300to 1,900-fold higher than the background amounts
measured in the mock-infected cells. The background levels
detected represent the lower limit of sensitivity of the respec-
tive ELISAs. As expected, cells infected with R3616 also
produced only background levels of the measured cytokines.

TABLE 2

Expression of Cytokines in Vero Cell

Infected with Recombinant Virus
Cytokine Infected Cells Mock-infected Cells* Ratio
IL-4 40 ng <30 pg >1,300
IL-10 75 ng <39 pg >1,900

*Values given represent level of sensitivity of the assay.
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Example 5

Survival of C57BL/6 Mice with Intracerebral
GL-261 Gliomas

While the following is exemplified in terms of gliomas,
other CNS neoplastic diseases, i.e. neoplasia of neurons (e.g.,
neuroblastoma, ganglioneuroma), neoplasia of undifferenti-
ated cells (e.g., medulloblastoma), neoplasia of supporting
tissue (e.g., meningioma, schwannoma), and neuroplasia of
metastatic origin may be successfully treated according to the
invention. Further, although the following is exemplified by
use of murine interleukins, interleukins from other mammals
may be used to practice the invention.

To establish the sensitivity of tumor cells for the direct
cytolytic effects of viruses lacking the y,34.5 genes as well as
viruses lacking the y,34.5 genes but containing DNA encod-
ing murine interleukins, GL-261 gliomas were induced in
C57BL/6 mice and treated with the viruses. Generally,
GL-261 glioma cells [purchased from Division of Cancer
Treatment Tumor Repository, Fredrick, Md.; Ausman, et al.,
Cancer Res. 30:2394-2400 (1970)] were maintained in cul-
ture in Dulbecco’s Modified Eagle Medium mixed 1:1 with
Ham’s Nutrient Mixture-F12, supplemented with 2 mM
L-glutamine and 7% fetal bovine serum and needed cells
were harvested from culture, washed in serum-free Dulbec-
co’s Modified Eagle Medium mixed 1:1 with Ham’s Nutrient
Mixture-F12, counted in trypan blue dye to identify live cells.
Prior to injection into animals, G1.261 cells were diluted in an
equal volume of 10% methyl cellulose to achieve doses of
10%,10*and 10° cells/5 ul. A 5 ul aliquot was inoculated in the
right caudate nucleus of the animal as described previously
[Andreansky et al., Proc. Natl. Acad. Sci., USA 93:11313-
11318 (1996)]

Delayed-therapy experiments were undertaken and ani-
mals were randomized in groups of ten. In a typical experi-
ment, 10° GL-261 cells were implanted in the right cerebral
hemisphere, allowed to divide for five days before graded
doses of different viruses were injected intratumorally in a
volume of 5 pl. In parallel control groups, to mice received
saline solution instead of virus. All tumor bearing C57BL/6
mice were followed for survival in order to establish Kaplan-
Meier survival plots, (see e.g., Chambers et al., Proc. Natl.
Acad. Sci, USA 92:1411-1415 (1995) and Andreansky et al.,
Proc. Natl. Acad. Sci., USA 93:11313-11318 (1996)]. Parallel
groups of tumor-bearing mice treated similarly were ran-
domly assigned to survival intervals of three and seven days
post virus therapy, when their brains were harvested and for
immunohistochemical analysis. As mice became moribund
from progressive tumor growth, they were euthanized and
their survival time taken as the date of euthanasia.

Preliminary studies were conducted in order to determine
the relationship between the quantity of GL-261 glioma cells
injected intracerebrally and host survival. Injection of 10° to
10° GL-261 cells into the right cerebral hemisphere of adult
C57BL/6 mice resulted in a dose-dependent decrease in the
median survival time (FIG. 4). In this study, mice receiving
the highest dose had a median survival of 17 days, and those
receiving progressively fewer tumor cells (10* or 10°) sur-
vived correspondingly longer (30 and 38 days median sur-
vival, respectively). These survival differences were statisti-
cally significant when the later values were compared to those
of mice receiving the highest inoculum (p<0.01 and
p<0.0001, respectively).

For the purposes of these glioma model studies, a dose of
10° GL-261 cells was selected since this produced a median
survival of 17-19 days that was reproducible and would pro-
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vide a rapid answer regarding the capacity of these recombi-
nant viruses to exert an anti-tumor effect and prolong sur-
vival.

Five days after injection with GL.-261 cells, the mice were
randomized into groups of ten animals and given an intratu-
moral injection of either 10° PFU of R3616 or R4009 HSV or
sterile excipient used to suspend the viruses (5 pl total vol-
ume). Mice receiving R3616 HSV, the parent virus from
which R8306 and R8308 were constructed, had a median
survival of 19 days, which was not statistically significant
(p=0.10, log-rank) from the median survival of mice receiv-
ing the sterile excipient solution (FIG. 5). On the other hand,
mice receiving R4009 had a median survival of 27 days,
which was statistically longer (p=0.0020) than mice receiving
excipient alone. This difference was similar to what has been
previously reported for these two mutants using a different
glioma model, the MT539MG induced and treated intracere-
brally in scid mice [Chambers et al., Proc. Natl. Acad. Sci.,
USA 95:1411-1415 (1999)]

To establish the sensitivity of GL.-261 glioma cells toward
HSVs lacking the v,34.5 genes but that expressed murine
interleukins, GL-261 glioma cells were implanted intracere-
brally in C57BL/6 mice and five days post-implantation,
tumor-bearing mice were injected with 5x10° PFU of R8306
or R8308 viruses or with sterile excipient solution through the
same burr hole to the same stereotactic coordinates used to
implant the tumor cells. Survival of mice in each group was
monitored and results are shown in FIG. 6. Mice receiving
saline experienced a predictable median survival of 18 days,
while mice receiving a single dose of R8306 (IL-4) had a
median survival of 24 days. This difference was statistically
significant (p=0.0016, Log-rank) and was reproducible in
several experiments. In contrast, the median survival of mice
that received R8308 (IL-10) was not different from that of the
mice receiving sterile excipient solution (18 days; p=0.8585).

Finally, in order to determine the ability of the R8306 HSV
to produce a statistically significant increase in survival,
GL-261 glioma-bearing mice received either 2x10° PFU or
2x10° PFU of R8306 or sterile excipient solution five days
post-tumor cell implantation. Compared with the excipient
solution treated mice (results are set forth in FIG. 7), the
higher dose produced a significant increase in survival
(p=0.0068; Peto-Wilcoxon) while the lower dose did not
produce a significant increase in survival (p=0.2554).

Example 6

Infiltration of Immune-Related Inflammatory Cells
in GL-261 Gliomas

In order to assess the infiltration of immune-related inflam-
matory cells into tumor sites, virus-treated and saline-treated
C57BL/6 mice [see Example 5; 2x10° PFU of R3616, R8306
or R8308 HSVs or sterile excipient solution (5 pl)], having
been previously implanted with GL-261 glioma cells, were
euthanized at three and seven day intervals and brains were
frozen in Tissue-Tek O.C.T. compound (Miles, Kankakee,
111.). In a separate group of mice, instead of implanting intrac-
ranial tumor cells, defined stab wounds were generated in the
same location with a needle to provide a control group for
mechanical trauma produced by intracerebral injection.

In all experimental groups, serial sections of brains were
cut at 10-12 pm intervals and mounted on TEPSA-coated
slides, fixed in 95% ethanol, and blocked in PBS-2% BSA.
Endogenous peroxidase activity was blocked by incubation
for 30 mins at room temperature with 0.3% H,O, in metha-
nol. Immunoperoxidase staining was performed using the
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avidin-biotin complex peroxidase Vectastain® ABC kit (Vec-
tor Laboratories, Inc., Burlingame, Calif.). Slides were incu-
bated with primary antibodies for 30 min at room tempera-
ture. Monoclonal antibodies (Tissue Core, University of
Alabama, Birmingham, Ala. USA) for inflammatory cells
used were GK1.5 (CD4+), Lyt2 (CD8+), JA12.5 (IgD) and
F4/80 (macrophage). Herpes simplex virus (HSV) was
detected with a rabbit polyclonal antibody to HSV thymidine
kinase (William Summers, Yale University, New Haven,
Conn. USA). After washing thoroughly, sections were incu-
bated with appropriate biotin-labeled secondary antibodies
(Vector Laboratories, Inc., Burlingame, Calif.) for 30 mins at
room temperature. Color reaction was carried out using 3,3'-
diaminobenzidine according to manufacturer’s instructions.
Tissue sections were counterstained with Mayer’s haema-
toxylin and permanently mounted with permount. Sections of
spleen, liver, and kidney from the same animal served as the
negative control. Positively staining immune-related inflam-
matory cells in four high power fields (400x) that included
tumor cells were counted and averages determined for each
cell type.

Microscopic inspection of these sections revealed that the
most prevalent intratumoral immune-related cell type was the
macrophage. Macrophages were the most obvious cell type
three days after virus injection (8 days after tumor induction)
and increased markedly by seven days post-treatment. There
seemed to be little differences in the proportions of macroph-
ages in these tumors regardless of treatment. However, it was
noted that the numbers of CD8+ cells were decreased in
tumors of mice treated with R8308 (IL-10).

In addition, adjacent sections tested with the HSV antibody
revealed an occasional positively stained cell at day 3 but an
absence of any positively stained cells by day 7 post treat-
ment.

Sections of tissues (spleen, liver, kidney) from these same
mice were used as positive controls for the anti-leukocyte
antibodies. No discernible differences were noted in the dis-
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tribution or staining patterns of these tissues as a result of
recombinant virus injection into the brains of these mice (not
shown). These tissues were also negative for HSV by anti-
body staining.

The data obtained from the studies herein and set forth
above indicate that:

(1) as in the scid mice implanted with either murine or
human glioma cells, the C57BL/6 mouse proved suitable for
intracranial induction of tumors that were uniformly fatal;

(2) an inoculum of 10° tumor cells yielded reproducible
tumor development with a median mortality in a reasonable
period of time to permit post tumor induction therapies, i.e.,
slightly longer than two weeks;

(3) genetically-engineered HSV recombinants allowed for
efficient expression of the cytokine genes inserted into the
viral genomes;

(4) survival of neoplastic disease-bearing mice treated with
recombinant viruses varied depending on the cytokine gene
inserted into the virus; and

(5) overall, these studies provide evidence that host immu-
nity to cells of CNS neoplastic disease played a role in the
oncolytic effects achieved by viral treatment of tumors with
replication competent, attenuated cytotoxic viruses.

The data also provide evidence that regulation of the
immune response, indeed, does contribute to survival from
CNS neoplastic diseases. More specifically, the HSV/IL-4
recombinant virus prolonged survival and was associated
with striking infiltration of the tumor by macrophages, CD4+
and CD8+ T cells. In contrast, the HSV/IL-10 recombinant
virus, which down-regulates the immune response, led to
survival rates that were no different than those seen with HSV
R3616 or saline-treated controls.

The foregoing detailed description is given for clearness of
understanding only, and no unnecessary limitations should be
understood therefrom, as modifications within the scope of
the invention will become apparent to those skilled in the art.

SEQUENCE LISTING

(1) GENERAL INFORMATION:

(iii) NUMBER OF SEQUENCES: 2

(2) INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 43 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

GTAACCCTCG AGGGTACCAG ATCTGTCGAC GATATCTCTA GAT

(2) INFORMATION FOR SEQ ID NO: 2:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 42 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

43
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18

-continued

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

CCGGATCTAG AGATATCGTC GACAAGTCTG GTACCCTCGA GG

42

What is claimed is:

1. A recombinant herpes simplex virus that preferentially
kills tumor cells and not healthy cells, that expresses only one
v,34.5 gene copy and that comprises an expressible tumor-
growth-inhibiting cytokine-encoding DNA.

2. The recombinant herpes simplex virus of claim 1
wherein said virus lacks all or part of a y,34.5 gene copy.

3. The recombinant herpes simplex virus of claim 2
wherein said virus comprises a y,34.5 gene having a deletion
of a portion of a coding sequence of said v,34.5 gene, said
deletion comprising a Bst EII-Stu I fragment of said y,34.5
gene.

4. The recombinant herpes simplex virus of claim 1
wherein said virus comprises a y,34.5 gene having a stop
codon at a Bst EII site in said y,34.5 gene.

5. The recombinant herpes simplex virus of claim 1
wherein said expressible tumor-growth-inhibiting cytokine-
encoding DNA is under the promoter-regulatory control of a
herpes simplex virus gene promoter.

6. The recombinant herpes simplex virus of claim 5
wherein said herpes simplex virus gene promoter is an EGR-1
promoter.

7. The recombinant herpes simplex virus of claim 1
wherein said tumor-growth-inhibiting cytokine-encoding
DNA is under the promoter-regulatory control of a synthetic
herpes simplex virus-derived promoter.

8. The recombinant herpes simplex virus of claim 7
wherein said synthetic herpes simplex virus-derived pro-
moter comprises a herpes simplex virus o gene promoter
fragment operatively linked 5' to a herpes simplex virus y
gene promoter fragment.

9. The recombinant herpes simplex virus of claim 8
wherein said o gene promoter fragment comprises promoter
sequences upstream of the transcription initiation site of the
a4 gene and said y gene promoter fragment comprises a
transcription initiation site and the 5' transcribed non-coding
sequence of the y,U,9 gene.

10. The recombinant herpes simplex virus of claim 1
wherein an unexpressed y,34.5 gene copy is replaced by said
expressible tumor-growth-inhibiting cytokine-encoding
DNA.

11. The recombinant herpes simplex virus of claim 1
wherein said virus comprises two or more copies of said
tumor-growth-inhibiting cytokine-encoding DNA.

12. The recombinant herpes simplex virus of claim 10
where said herpes simplex virus is a HSV-1.

13. The recombinant virus of claim 1 wherein said tumor-
growth-inhibiting cytokine-encoding DNA further comprises
a polyadenylation signal.

14. The recombinant virus of claim 13 wherein said poly-
adenylation signal is a hepatitis B virus-derived polyadeny-
lation signal.

15. A method for treating neoplastic disease, the method
comprising administering to a target tumor, a recombinant
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herpes simplex virus capable of expressing only one v,34.5
gene copy and comprising an expressible tumor-growth-in-
hibiting cytokine-encoding DNA, wherein the expressed
cytokine augments tumor cell killing.

16. The method of claim 15 wherein said recombinant
herpes simplex virus lacks all or part of an unexpressed y,34.5
gene copy.

17. The method of claim 15 wherein said recombinant
herpes simplex virus comprises a y,34.5 gene having a stop
codon at a Bst ElI site in said y,34.5 gene.

18. The method of claim 15 wherein said recombinant
herpes simplex virus comprises a y,34.5 gene lacking a por-
tion of the coding sequence corresponding to a Bst EII/Stu |
restriction fragment of said y,34.5 gene.

19. The method of claim 15 wherein said expressible
tumor-growth-inhibiting cytokine-encoding DNA is under
the promoter-regulatory control of a herpes simplex virus
gene promoter.

20. The method of claim 19 wherein said herpes simplex
virus promoter is an EGR-1 promoter.

21. The method of claim 15 wherein said tumor-growth-
inhibiting cytokine-encoding DNA is under the promoter
regulatory control of a synthetic herpes simplex virus-derived
promoter.

22. The method of claim 21 wherein said synthetic herpes
simplex virus-derived promoter comprises a herpes simplex
virus o gene fragment operatively linked 5' to a herpes sim-
plex virus y gene promoter fragment.

23. The method of claim 22 wherein said o gene promoter
fragment comprises a promoter sequence upstream of the
transcription initiation site of said o gene promoter fragment
comprising the transcription initiation site and the 5' tran-
scribed non-coding sequence of the U;19 gene.

24. The method of claim 15 wherein said y,34.5 gene is
replaced by said expressible tumor-growth-inhibiting cytok-
ine-encoding DNA.

25. A pharmaceutical composition comprising in a phar-
maceutically acceptable carrier, diluent, or adjuvant, arecom-
binant herpes simplex virus expressing only one y,34.5 gene
copy, said virus comprising an expressible tumor-growth-
inhibiting cytokine-encoding DNA, wherein the expressed
cytokine augments tumor cell killing.

26. The method of claim 15, wherein the target tumor is a
tumor of the central nervous system.

27. The recombinant herpes simplex virus of claim 3,
wherein the expressible tumor growth inhibiting cytokine-
encoding DNA is selected from DNA encoding 1L-1, IL-2,
IL-A, IL-6, IL-7, IFN-y, GM-CSF or TNF-c.

28. The method of claim 15, wherein the expressible tumor
growth inhibiting cytokine-encoding DNA is selected from
DNA encoding 1L-1, IL-2, IL-4, IL-6, IL-7, IFN-y, GM-CSF
or TNF-a..



