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METHOD OF INDUCING AN IMMUNE RESPONSE 
USING WACCINA VIRUS RECOMBINANTS 

BACKGROUND OF THE INVENTION 

0001) Numerous attempts have been made to modulate a 
host's immune System as a means for treating cancers. Such 
attempts include: active immunotherapy using tumor or 
tumor antigen containing vaccines or immune active lym 
phokines, adoptive immunotherapy using a host's peripheral 
blood or tumor infiltrating lymphocytes expanded in culture 
and reinjected; passive immunotherapy by administration of 
monoclonal antibodies, and localized immunotherapy using 
intralesional administration of agents Such as Bacillus Cal 
mette-Guerin (BCG). The most effective of these approaches 
has been localized therapy with BCG for melanoma metasta 
sis to the skin and Superficial bladder cancer. While the 
mechanism of action of BCG is not completely understood, 
Studies clearly show that Successful immunotherapy of this 
type is associated with recruitment of T cells to the tumor. 
0002 Cytokines such as the interleukins are important 
mediators in cell-mediated immune responses in a host. The 
cell-mediated immune response ("local immune response') 
is produced by thymus derived lymphocytes or T-cells. 
T-cells detect the presence of invading pathogens through a 
recognition System referred to as the T-cell antigen receptor. 
Upon detection of an antigen, T-cells direct the release of 
multiple T-cell lymphokines including, but not limited to, 
the interleukin-2 family (IL-2). IL-2 is a T-cell growth factor 
which promotes the production of many more T-cells Sen 
Sitive to the particular antigen. This production constitutes a 
clone of T-cells. The sensitized T-cells attach to cells con 
taining the antigen. T-cells carry out a variety of regulatory 
and defense functions and play a central role in immuno 
logic responses. When Stimulated to produce a cell-mediated 
immune response, Some T-cells respond by acting as killer 
cells, killing the hosts own cells when these have become 
infected with virus and possibly when they become cancer 
ous and therefore foreign. Some T-cells respond by Stimu 
lating B cells while other T-cells respond by Suppressing 
immune responses. 

0.003 Examples of other interleukins which are media 
tors in cell-mediated immune responses include interferon-Y 
(IFN-Y), granulocyte-macrophage colony Stimulating factor 
(GM-CSF), interleukin-4 (IL-4), interleukin-5 (IL-5) and 
interleukin-12 (IL-12). IFN-Y activates macrophages and 
enhances expression of immune-reactive antigens on tumor 
cells. GM-CSF activates macrophages and Stimulates mac 
rophage and dendrite cell recruitment and differentiation. 
IL-4 is a T cell derived helper lymphokine which partici 
pates in the regulation of growth and differentiation of Band 
T cells. IL-5 is a T cell derived lymphokine which has its 
primary effects on the expansion of eosinphils. There is 
evidence which Suggests that eosinphils, when recruited to 
a tumor Site, may have direct anti-tumor effects. IL-12 is a 
heterodimeric lymphokine initially purified from the condi 
tioned medium of a human B lymphoblastoid cell line. 
Murine IL-12 has now been cloned and expressed. IL-12 
Stimulation has been shown to enhance antigen presentation 
and the cytolytic activity of natural killer cells. 
0004. The value of cytokine-based gene therapy was 
Suggested in preclinical murine Studies. Inoculation of mice 
with experimental tumors transfected with genes for tumor 
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necrosis factor (Asher A L, et al., J. Immunol. 1991 
146:3227), interleukin-2 (Fearon E R, et al., Cell 1990 
60:397), and IL-4 (Golumbek PT, et al., Science 1991 
254:713) resulted in growth and Subsequent rejection of the 
injected tumor. In many cases the mice were shown to 
generate a Systemic anti-tumor response. IL-4 transfected 
tumors regressed and lead to the regression of admixed 
non-transfected tumors in mice (Tepper PI, et al., Cell 1989 
57:503). This immunotherapy was also effective in nu/nu 
mice demonstrating a non-T cell component which may 
contribute to localized therapy. IL-4 transfected RENCA 
cells have been shown to generate Specific T cell immunity 
to the tumor, and result in elimination of pre-existing non 
local tumor growth (Golumbek PT, et al., Science 1991 
254:713). 
0005 Current approaches to this form of therapy involve 
the growth and Stabile gene modification of tumor cells to 
produce cytokines, their expansion in vitro, and reinjection 
into the host. While this type of therapy may be feasible in 
experimental Systems, the lack of ability to grow the major 
ity of tumors in vitro, the requirements for in vitrogenetic 
modification of each patient's tumor, and the reinjection of 
viable tumor into the patient limit the clinical applicability 
of the approach. 
0006. It has now been found that expression of immune 
active cytokines in tumors can be induced in Situ by admin 
istration of a vaccinia virus vector. These vaccinia virus 
vectors can be administered to animals Suffering from cancer 
as a treatment. The vaccinia virus vectors of the present 
invention are also useful in enhancing immunity to parasites 
and other invading pathogens which alone fail to invoke an 
effective host immune response. 

SUMMARY OF THE INVENTION 

0007 An object of the present invention is to provide a 
method of inducing expression of immune active cytokines 
in tumors in Situ which comprises generating a vaccinia 
Virus vector capable of inducing expression of a Selected 
cytokine and injecting the vaccinia Virus vector into a tumor 
So that cells of the tumor express the Selected cytokine. 
0008 Another object of the present invention is to pro 
vide a method of enhancing immunity in a host which 
comprises generating a vaccinia virus vector capable of 
inducing expression of a Selected cytokine and injecting the 
vaccinia virus vector into a host So that cells of the host 
express the Selected cytokine. 
0009. A final object of the present invention is to provide 
a method of treating cancer which comprises administering 
to an animal Suffering from cancer an amount of a vaccinia 
Virus vector capable of inducing an immune response to the 
cancer in the animal. 

BRIEF DESCRIPTION OF THE FIGURE 

0010 FIG. 1 is a bar graph showing systemic immunity 
resulting from intravesical instillation of the vaccinia virus 
vector (VAC). Mice received intravesical instillation of VAC 
at 10, 100 and 1,000 pock forming units (pfu). Two weeks 
later, mice spleens were removed and tested for their ability 
to lyse VAC-infected MB-49 cells. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0011. It has been clearly demonstrated in a number of 
Studies that generation of effective T-cell Specific immunity 
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can result in the elimination of tumors. In vitro transduced 
cytokine and Viral genes expressed by tumors have resulted 
in the elimination of transfected tumors and enhanced T cell 
mediated immunity to non-transduced tumors. Expression of 
immune accessory molecules Such as B7.1 and B7.2 has also 
been demonstrated to enhance anti-tumor immunity. How 
ever, in vitro manipulations of tumors to express Selected 
molecules has its limitations, particularly in the clinical 
Setting. Genetic modification of tumors for cellular vaccines 
is dependent upon and limited by the ability to resect and to 
grow each patient's tumor in Vitro and reinjection of viable, 
modified tumor. 

0012. A method has now been developed for in vivo gene 
delivery of a gene which expresses an immune active 
cytokine which obviates the need for in vitro manipulations 
of tumor cells thus enhancing the clinical applicability of 
this therapeutic approach. In the present invention, a method 
of inducing expression of immune active cytokines in 
tumors in Situ is provided which comprises generating a 
vaccinia virus vector capable of inducing expression of a 
Selected cytokine and injecting the vaccinia virus vector into 
a tumor So that cells of the tumor produce the Selected 
cytokine. By the term “inducing” or “induces” it is meant 
that the level of expression of the cytokine is measurable by 
methods well known in the art and that the level of expres 
Sion of the cytokine results in an immune response. By the 
term “immune active cytokine' or “selected cytokine” it is 
meant to refer to any cytokine associated with an immune 
response leading to tumor destruction. Examples of Such 
cytokines include, but are not limited to, interferon-Y (IFN 
Y), granulocyte-macrophage colony Stimulating factor (GM 
CSF), interleukin-2 (IL-2), interleukin-4 (IL-4), interleu 
kin-5 (IL-5), and interleukin-12 (IL-12). The vaccinia virus 
vector may further comprise a gene for an immune acces 
sory molecule such as B7.1 or B7.2. By “immune accessory 
molecule' it is meant a molecule which in conjunction with 
the immune active cytokine can make the tumor more 
immunogenic. Unlike in Vitro methods of gene transfer, 
infection and transfection using recombinant vaccinia has 
been found to be a simple, rapid and highly efficient proce 
dure. Vaccinia recombinants can efficiently deliver antigens 
to the class I presentation pathway and have been proposed 
as feasible vectors for expressing protective antigens for 
vaccine delivery. Moss B and Flexner C., “Vaccinia virus 
expression vector”, Ann. Rev. Immunol. 1987 5:305-324. 
The potential utility of vaccinia recombinants for intravesi 
cal gene therapy aimed at enhancing the immunogenicity of 
bladder tumor cells was suggested by Lee SS, et al. Proc. 
Ann. ASSOC. Cancer March 1993 34:337. It has now been 
found that these viral vectors can be used in a method of 
Stimulating the immune System by inducing expression of 
cytokines at a tumor site. 
0013 Vaccinia virus, a double stranded DNA poxvirus, 
has been well characterized since its Successful use as a live 
vaccine to prevent Smallpox. As a versatile eukaryotic 
expression vector, Vaccinia virus can be genetically con 
Structed to contain large fragments of foreign DNA (up to 25 
kd) which have no effect on viral replication. Immunization 
with recombinant vaccinia can induce protective responses 
to the foreign gene(s) expressed. In the present invention a 
vaccinia virus vector (VAC) capable of inducing expression 
of a Selected gene is generated in accordance with methods 
well known in the art. The vaccinia virus vector may further 
comprise genes encoding immune accessory molecules 
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which in conjunction with the immune active cytokine can 
make the tumor more immunogenic. 

0014. In a preferred embodiment, a foreign gene of 
interest, preferably a gene for a Selected cytokine, more 
preferably the gene for IFN-y, GM-CSF, IL-4, IL-5 or IL-12, 
is first placed behind a promoter, preferably a VAC pro 
moter, in a plasmid that can be inserted into the VAC 
genome by homologous recombination. Other genes which 
may be incorporated into the Vector include, but are not 
limited to, genes encoding immune accessory molecules 
such as B7.1 and B7.2, or genes which inhibit IL-10 
production. It has recently been found that both human 
melanoma and bladder cancer produce the immunosuppres 
sive cytokine IL-10. Thus, inhibition of this cytokine is 
believed to enhance the immunogenicity of tumors. Inhibi 
tion of the expression of IL-10 has been demonstrated 
through the use of antisense oligonucleotides complemen 
tary to the IL-10 DNA or mRNA in other cells. The ability 
to express an antisense oligonucleotide complementary to 
the IL-10 DNA or mRNA can be incorporated into vaccinia 
virus vectors of the present invention to inhibit IL-10 
production in tumor cells, thus enhancing the immunoge 
nicity of these tumors. 

0015. Successful insertion of the selected gene in the 
plasmid is confirmed by exploiting the high transfectability 
of certain cell lines following vaccinia infection. After 30 
minutes of exposure to wild-type vaccinia at a multiplicity 
of 10:1, mouse L929 cells are transfected with a plasmid 
DNA-lipofectin (Gibco/BRL, Bethesda, Md.) mixture. 
Within hours of transfection, abundant amounts of gene 
product can be observed, with a majority of the cells 
expressing the protein. The generation of the desired gene 
can be detected using Standard immunodetection techniques 
Such as immunoprecipitation of metabolically-labeled pro 
teins or western blot of cell-extracts. Further, Supernatants 
from the infected/transfected cells are tested for biological 
activities associated with the various cytokines or other 
proteins. After confirmation that the gene of interest has 
been correctly inserted and encodes a biologically active 
protein, the plasmid is recombined in the VAC genome. The 
plasmids are designed Such that the gene of interest is 
inserted between the up- and downstream halves of the VAC 
thymidine kinase gene. Following infection of CV-1 monkey 
kidney cells with non-recombinant Virus, the plasmid is 
delivered using calcium phosphate precipitation. In a portion 
of the cells, the plasmid recombines into the vaccinia 
genome, disrupting the thymidine kinase gene. The resulting 
recombinants are then Selected from wild-type by growth in 
thymidine kinase negative 143B human osteosarcoma cells 
in the presence of bromodeoxyuridine. It is preferred that the 
Wyeth strain of vaccinia, available from the Centers for 
Disease Control in Atlanta, Ga. (CDC) be used as this strain 
was used for Small pox vaccinations in the United States. 
However, attenuated Strains of vaccinia may also be used if 
immunogenicity following attenuation is not significantly 
compromised. 

0016 Susceptibility of cells to the vaccinia virus was 
demonstrated in in vitro experiments in both murine and 
human tumor cells. Both type of cells were infected/trans 
fected by vaccinia recombinants. Significant infection/trans 
fection of established tumors in mice was also observed 
following intravesical administration. Systemic immunity to 
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vaccinia did not inhibit tumor transfection by intravesically 
instilled vaccinia recombinants. 

0.017. The safety and maintained function of the viral 
gene over repeated administrations have also been demon 
Strated in humans. Five patients with dermal, Subcutaneous 
and/or lymph node metastases from cutaneous melanoma 
were vaccinated with wild-type vaccinia virus and, four days 
later, began intratumoral injections of the same vaccine. 
Escalating doses of up to 10 pfu were safely administered 
repeatedly with only local and mild Systemic reactions. Four 
of the patients developed anti-vaccinia virus antibody titers 
e1/3200. With rising antibody titers, local and systemic 
reactions decreased. One patient with a large exophytic 
lesion experienced dramatic tumor regression with multiple 
injections of 10 pful of virus. Sequential biopsies of this 
lesion over a two month period demonstrated repeated 
infection over Successful production of Viral gene protein 
(E3L) despite anti-viral antibody titers as high as 1/12,800. 
This time interval is adequate to allow generation of anti 
tumor immunity. It is believed that a vector comprising a 
cytokine gene would function Similarly and mediate an 
immunoadjuvant effect. 

0.018. The vaccinia virus vectors of the present invention 
can also be used to enhance immunity in a host. In the 
present invention methods of enhancing immunity in a host 
are provided which comprise generating a vaccinia virus 
vector capable of inducing expression of a Selected cytokine 
and injecting the vaccinia virus vector into a host So that 
cells of the host express the selected cytokine. By “host” it 
is meant to include, but is not limited to, mammals, fish, 
amphibians, reptiles, birds, marsupials, and most preferably, 
humans. This method is also useful in enhancing a host's 
immune response to parasites and other invading pathogens 
which alone may not invoke an immune response. 

0019. In addition, the vaccinia virus vectors of the 
present invention can be used to mediate cytokine gene 
transfer into tumors with resultant production of soluble 
product. For example, a recombinant vaccinia virus contain 
ing the murine GM-CSF gene under the control of the 
early/late P7.5 vaccinia promoter (VV-GM) was con 
structed. VV-GM infected murine melanoma (B16.F10) and 
bladder (MB49) tumors were shown to produce high levels 
of biologically active cytokine as determined by propagation 
of bone marrow CFU-GM and by ELISA assay. Significant 
levels of GM-CSF were found in the Supernatant as soon as 
6 hours following infection. This increased cytokine Secre 
tion of the tumor cells can lead to tumor Specific immunity 
and therapeutic anti-tumor effects. 

0020. Accordingly, the vectors and methods of the 
present invention are useful in the treatment of cancer. 
Methods of treating cancer are provided comprising admin 
istering to an animal Suffering from cancer an amount of a 
vaccinia virus vector capable of inducing an immune 
response to the cancer in the animal. In a preferred embodi 
ment, the vaccinia virus vector used comprises at least one 
gene for expression of a cytokine, preferably the gene for 
IFN-y, GM-CSF, IL-4, IL-5 or IL-12. In this treatment, the 
vaccinia Virus vector is placed in contact with the tumor in 
Situ either by intravesical administration or by direct injec 
tion into the tumor. Therefore, this method is especially 
useful in treating cancerS Such as bladder cancer, head 
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cancer, neck cancer, melanoma, and other cancers which 
grow as accessible masses and are amenable to these routes 
of administration. 

0021. The susceptibility of human prostatic carcinoma 
cells to vaccinia was also examined utilizing a recombinant 
vector encoding the human influenza hemagglutinin antigen 
HA. In vitro exposure of the prostatic cell lines LNCAP and 
PC3 to the virus followed by immunohistochemical staining 
of the encoded HA protein demonstrated a high efficiency in 
tumor infection/transfection. Thus, the vaccinia virus vec 
tors of the present invention can also be used in the localized 
therapy of prostate cancer. 
0022. The vaccinia virus vectors of the present invention 
are administered in a vaccine formulation comprising an 
effective concentration of vaccinia virus vector and a phar 
maceutically acceptable carrier. By “effective concentra 
tion' it is meant an amount of vaccinia virus vector which 
when administered to a tumor results in measurable expres 
Sion of the Selected cytokine and an enhanced immune 
response. Such amounts can be routinely determined by one 
of skill in the art in accordance with this disclosure. Phar 
maceutically acceptable carriers include, but are not limited 
to Saline Solutions and buffered Solutions. Suitable pharma 
ceutically acceptable carriers are well known in the art and 
are described for example in Gennaro, Alfonso, Ed., Rem 
ington's Pharmaceutical Sciences, 18th Edition 1990, Mack 
Publishing Co., Easton, Pa., a Standard reference text in this 
field. Pharmaceutical carriers may be Selected in accordance 
with the intended route of administration and the standard 
pharmaceutical practice. The vaccine formulation may fur 
ther comprise an adjuvant. Adjuvants are Substances which 
are added to therapeutic or prophylactic agents, for example 
vaccines or antigens used for immunization, to Stimulate the 
immune response. Use of adjuvants in vaccines to enhance 
an immune response is well known in the art. 
0023 The present invention is further illustrated by the 
following nonlimiting examples. 

EXAMPLES 

Example 1 

Recombinant Vaccinia Virus 

0024. Recombinant vaccinia viruses H1-VAC and NP 
VAC expressing the hemagglutinin (H1) and nucleoprotein 
(NP) genes derived from influenza virus A/PR8/34 were 
used. Expression of both influenza polypeptides is under the 
control of the early/late 7.5 K promoter. Viral stocks quan 
titated in pfu were maintained in BSS/BSA at -70° C. until 
Sc. 

Example 2 

Cell Lines 

0025 The transitional cell carcinoma (TCC) cell lines 
MB-49 of C57BI origin, MBT-2 of C3H origin and the 
human T24 bladder carcinoma and H1 human melanoma 
were used. 

Example 3 

Antibodies, Reagents and Staining 
0026. Supernatants from hybridoma cell lines specific for 
the influenza A hemagglutinin (H28-E23) and nucleoprotein 
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antigens (HB65) were used to stain cells and tissues. The 
virus infected bladder tumor cells and bladder urothelium 
Sections were fixed with cold acetone and blocked with 0.1% 
fetal calf serum. HA and NP were detected with primary 
mouse antibody and biotin labeled antimouse IgG as the 
second antibody plus avidin-horseradish peroxidase (HRP) 
and 3.3 DAB substrate (Sigma, St. Louis, Mo.) or avidin 
biotin-complex method (ABC-AP) plus alkaline phos 
phatase with Fast red Substrate (Vector Laboratories, Inc., 
Burlingame, Calif.). Tissue Sections were counterstained 
with hematoxylin. In addition, hematoxylineosin (H&E) 
Stained Sections were prepared. 

Example 4 

In Vitro Assessment of Viral Infection and 
Transfection 

0027 Cells (2x10) from each cell line described in 
Example 2 were plated into a 24 well flat bottom plate 
(Fisher, Pittsburgh, Pa.). Plates were incubated overnight, 
washed with phosphate buffered saline (PBS) and infected 
with H1-VAC or NP-VAC (10 pfu/cell) in BSS/BSA by 
incubating at 37 C., 9% CO for 1 hour with rocking every 
15 minutes. Virus was aspirated, media was added and the 
plate were incubated for another 4 hours. The cells were 
fixed with 1:1 acetone:methanol for 1 minute and washed 
with PBS before immunohistochemical staining. Uninfected 
and recombinant virus infected L929 fibroblasts, which are 
known to be Susceptible to vaccinia virus infection, were 
used as a negative and positive control, respectively. 
0028. The murine MBT-2 and MB-49 TCC cells were 
infected in vitro with H1-VAC. When compared to unin 
fected tumor cells, immunohistochemical Staining with Spe 
cific antibodies showed positive expression for encoded HA 
or NP antigens indicated by the cytoplasmic Staining of virus 
infected TCC cells. In addition, the human bladder tumor 
cell line T24 and a human melanoma line were similarly 
infected in vitro. 

Example 5 

In Vivo Assessment of Virus Infection and 
Transfection 

0029 Female mice, 4-6 weeks of age, were purchased 
from the Jackson Laboratory, Bar Harbor, Me. The mice 
were intravesically instilled with recombinant vaccinia 
Virus. Mice were anesthetized, catheterized via the urethra, 
then cauterized with a cautery wire (Birtcher Hyfricator, El 
Monte, Calif.) by applying a single 1 Second pulse at 1 watt. 
After removal of the cautery wire, the bladders were instilled 
with 10 MB49 cells to establish intravesical growth of a 
tumor or either 10, 100 or 1,000 pful of vaccinia virus 
recombinants in PBS. At 8 and 22 hours following instilla 
tion, mice were Sacrificed and bladders were removed and 
frozen in OCT media (Fisher) in liquid nitrogen. Bladder 
samples were stored at -70° C. until sectioned. 
0030 Mice, pre-immunized intraperitoneally with wild 
type WR vaccinia (10 pfu), were implanted intravesically 
with MB-49 tumor cells. Two weeks following tumor devel 
opment, a single intravesical instillation of NP-VAC (2x10' 
pfu, shown not to have Systemic toxicity in preimmune 
mice) was given. At 8 and 22 hours post-instillation, blad 
ders were removed, Sectioned and Stained. In Vivo expres 
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Sion of encoded NP was demonstrated at 22 hours after 
instillation. Similar results were seen at the 8 hour time 
point. 

Example 6 

Cytotoxic T Lymphocyte Analysis 
0031 Cytotoxic T Lymphocyte (CTL) responses to intra 
vesical infection by vaccinia recombinants were determined 
by a 4 hour 'Crassay. Spleens of virus infected mice were 
isolated at 2 weeks post-intravesical instillation, restimu 
lated in vitro with live virus infected Syngeneic Spleen 
stimulators (3:1) and cultured for 7 days at 37 C., 5% CO. 
The responder cells were assayed for cytotoxicity on Cr 
labeled vaccinia virus infected MB49 tumor targets at effec 
tor to target ratioS indicated. Percent Specific lysis was 
calculated as follows: (cpm experimental release-cpm Spon 
taneous release)/(total release-spontaneous release)x100. 
Spleens of intravesically infected C57BL/6 mice were tested 
for antigen specific killing of vaccinia virus infected MB-49 
bladder tumor target cells in 4 hour chromium release 
assayS. No virus-induced target lysis was Seen in the 4 hour 
assay and virus-specific CTL did not lyse uninfected targets. 
As shown in FIG. 1, concentrations as low as 10 pful 
intravesically were Sufficient to induce a Systemic anti 
vaccinia CTL response. When the dose of intravesical vac 
cinia was titrated, concentrations of greater than 10 pful per 
mouse were lethal to nonimmunized mice, which died 
within 5-6 days post-instillation. In contrast, mice receiving 
a single intravesical concentration less than 10 pful appeared 
normal and Survived greater than 2 weeks post-instillation. 
Mice made preimmune with an intraperitoneal injection of 
wild-type WR vaccinia virus (107 pfu) demonstrated no 
morbidity at intravesical concentrations as high as 2x10 pful 
of vaccinia recombinants per mouse. 
0032 C57BL/6 female mice were given a single intra 
vesical instillation with vaccinia recombinant H1-VAC or 
NP-VAC (10 pfu) to confirm infection of the urothelium. 
The mice were Sacrificed, post instillation, and their bladders 
were recovered for Sectioning and Staining. Analysis of the 
bladder wall by routine pathology procedures using H & E 
Stained slides demonstrated that urothelial cells lining the 
bladder lumen were virus infected as indicated by charac 
teristic morphologic changes including cell enlargement, 
nuclear and cytoplasmic vacuolization, as well as atypical 
chromatin pattern. 

Example 7 

Human Study Using Intratumoral Vaccinia 
Injections as a Vector for Gene Transfer 

0033 Patients in this study each had histologically docu 
mented, Surgically incurable melanoma with at least one 
dermal, Subcutaneous or lymph node metastasis which was 
evaluable for local response and accessible for injection. 
Eligible patients were fully ambulatory with or without 
minor tumor related Symptoms, had a life expectancy of Six 
or more months and were at least four weeks since Surgery 
(requiring general anesthesia) and eight weeks since che 
motherapy or radiation therapy. All patients were immuno 
competent as demonstrated by one or more positive cuta 
neous delayed-type hyperSensitivity reactions to recall 
microbial antigens or to dinitrofluorobenzene after Sensiti 
Zation. 
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0034 Patients were administered Dryvax (Wyeth-Ayerst 
Laboratories, Philadelphia, Pa.) Supplied by the Center for 
Disease Control (Atlanta, Ga.) in a lyophilized state. When 
reconstituted as directed, the resultant product contains 25 
million pful in a volume of 0.25 ml. 

0.035 Each patient was vaccinated, using a standard 
multipuncture method with a bifurcated vaccination needle, 
on the skin of the deltoid area which in all cases was a tumor 
free extremity with intact regional lymph nodes. The vac 
cination Site was evaluated visually on day 4 to confirm that 
a major local reaction (erythematous papule with vesicula 
tion and pustule formation) was in progress. Tumor treat 
ment commenced on day 4. Dermal, Subcutaneous and/or 
lymph node metastases were infiltrated with wild-type vac 
cinia virus by intralesional injection using a 25 gauge needle 
(volume of injection ranged from 0.05 to 0.1 ml). Treatment 
was repeated approximately twice weekly. 

0.036 Regression of injected and uninjected lesions was 
judged by Visual inspection and/or ultrasonography. Ultra 
Sonography was performed using a 10.0 MHZ linear probe 
(Advanced Technology Laboratories, Inc., Bothel, Wash.) 
with direct contact Scanning of the Surface of the mass as 
well as Scanning with a stand-off pad (Parker Laboratories, 
Inc., Orange, N.J.). All masses were imaged in the Sagittal 
and axial planes. Tumor location, depth of penetration and 
Sonographic textural appearance were determined. Tumors 
were measured in millimeters (mm), with the Sagittal (S) and 
anteroposterior (AP) dimensions taken from the sagittal 
image with the greatest dimension. The tumor width (W) 
was obtained from the transverse plane. Lesional response 
were categorized as complete (no clinically evident residual 
tumor), partial (250% reduction in tumor volume) or none 
(all others). 
0037 Punch biopsies were also performed using conven 
tional Sterile dermatologic techniques. One half of the mate 
rial was fixed in formalin, paraffin embedded and Sections 
Stained with hematoxylin and eosin for routine histology. 
The remaining tissue was halved again for transmission 
electron microscopy (EM) and immunohistochemical analy 
sis. Tissue was either fixed in 2% glutaraldehyde or embed 
ded in OCT (Fisher Scientific, Pittsburgh, Pa.) and Snap 
frozen using liquid nitrogen. Frozen tissue was Subsequently 
Sectioned at 5 microns thickness with a cryostat, fixed in 
cold acetone, blocked with PBS with 5% fetal calf serum 
(FCS) and stained with the antibody TW2.3 which is specific 
for an early gene product of vaccinia virus replication (E3L). 
AS E3L is a non-structural viral protein, positive antibody 
Staining is indicative of active infection. 

0.038. To measure serum titers for anti-vaccinia virus 
antibody, ninety-six well plates were coated with a 10 ug/ml 
protein extract obtained from cultures of human melanoma 
cell lines infected for 6 hours with the Wyeth Strain of 
vaccinia virus. Following blocking with PBS plus FCS, 
dilution Series of patient Sera pre- and post-immunization 
were added to the wells, incubated for two hours and the 
plates washed. Serum anti-vaccinia virus antibodies were 
Visualized using a peroxidase labeled anti-human IgG heavy 
and light chain Second reagent and orthophenyldiamine 
Substrate. Titers were read as the reciprocal Serum dilution 
yielding 50% maximum absorbance in the assay. 
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Example 8 

Intralesional Infection of Human Melanoma Cells 
by Vaccinia Virus 

0039. One patient, a sixty-five year old white female, was 
first diagnosed with a primary melanoma (1 mm, level 4) of 
the right calf with satellite lesions in 1983. The primary 
lesion was excised and the dermal Satellites Successfully 
treated with intratumoral BCG. The patient did well until 
1992 when two dermal/sc lesions appeared on the calf and 
failed to respond to intratumoral BCG, systemic R24 or 
chemotherapy. Vaccinia treatment was initiated with a stan 
dard immunization (250,000 pful topically, 15 punctures). 
On day 4 of treatment, when it was determined that a take 
was clearly in progreSS, intralesional vaccinia was com 
menced. A Single metastatic lesion was injected 19 times 
over 88 elapsed days with a total of 14x107 pfu (Wyeth). 
Several biopsies showed progressively intense infiltration of 
the tumor with lymphocytes and tumor regression. EM and 
immunohistological Staining for vaccinia gene products 
showed Successful viral infection of tumor cells in the 
presence of Substantial anti-vaccinia antibody titers. 

Example 9 

Clinical Trials 

0040 Patients are administered small pox vaccine (Dry 
vax, Wyeth Laboratories, by scarification. Immunity to the 
vaccine is demonstrated by a major reaction characterized 
by pustule formation at the vaccination site and the detection 
of circulating anti-vaccinia antibody. Patients exhibiting 
both response are eligible for localized treatment with the 
cytokine producing vaccinia Vector. 
0041. Patients are treated with increasing doses of the 
vaccinia over a several week period by local (intratumoral or 
topical Such as intravesical) administration. In the case of 
melanoma, head and neck, and other tumors which grow as 
accessible Solid masses at the primary and or metastatic 
Sites, the vaccinia is injected into the tumor using a Syringe 
and needle. In the case of bladder cancer, the vaccinia is 
instilled onto the bladder (intravesically) using a catheter. 
0042 Patients are observed at frequent intervals for signs 
of toxicity, and tumor response is gauged by measuring the 
injected and non-injected tumor masses for Signs of Shrink 
age by direct visualization or radiologic (ultrasound, X-ray, 
MRI, etc.) methods. 
0043. Evidence of systemic antitumor immunity will be 
determined using in vitro techniques which measure the 
direct interaction of lymphocytes and tumor cells. Measure 
ments of antitumor immunity are readily accomplished by 
persons with skill in this field. 
What is claimed is: 

1. A method of inducing expression of immune active 
cytokines in tumors in Situ comprising: 

a) generating a vaccinia virus vector capable of inducing 
expression of a Selected cytokine; and 

b) injecting the vaccinia virus vector into a tumor So that 
cells of the tumor express the Selected cytokine. 

2. The method of claim 1 wherein the vaccinia virus 
vector is capable of inducing expression of interferon-Y, 
granulocyte-macrophage colony Stimulating factor, interleu 
kin-4, interleukin-5 or interleukin-12. 
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3. A method of enhancing immunity in a host comprising: 
a) generating a vaccinia virus vector capable of inducing 

expression of a Selected cytokine; and 
b) injecting the vaccinia virus vector into a host So that 

cells of the host express the Selected cytokine. 
4. The method of claim 3 wherein the vaccinia virus 

vector further comprises a gene for an immune accessory 
molecule. 

5. The method of claim 3 wherein the vaccinia virus 
vector further comprises a Sequence encoding an oligonucle 
otide which inhibits IL-10 production. 

6. A method of treating cancer comprising administering 
to an animal Suffering from cancer an amount of a vaccinia 
Virus vector capable of inducing an immune response to the 
cancer in the animal. 

7. The method of claim 6 wherein the vaccinia virus 
vector comprises at least one gene for expression of a 
cytokine. 
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8. The method of claim 7 wherein the vaccinia virus 
vector comprises at least one gene for expression of inter 
feron-Y, granulocyte-macrophage colony Stimulating factor, 
interleukin-4, interleukin-5 or interleukin-12. 

9. The method of claim 6 wherein the cancer to be treated 
comprises bladder cancer, head cancer, neck cancer, mela 
noma, or other cancers which grow as accessible masses. 

10. The method of claim 6 wherein the cancer to be 
treated comprises prostate cancer. 

11. The method of claim 7 wherein the vaccinia virus 
vector further comprises a gene for an immune accessory 
molecule. 

12. The method of claim 7 wherein the vaccinia virus 
vector further comprises a Sequence encoding an oligonucle 
otide which inhibits IL-10 production. 


