Oncolytic Recombinant Vesicular Stomatitis Virus (VSV)
Is Nonpathogenic and Nontransmissible in Pigs,
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Vesicular stomatitis virus (VSV) is a negative-stranded RNA virus that naturally causes disease in
livestock including horses, cattle and pigs. The two main identified VSV serotypes are New Jersey
(VSNJV) and Indiana (VSIV). VSV is a rapidly replicating, potently immunogenic virus that has been
engineered to develop novel oncolytic therapies for cancer treatment. Swine are a natural host for VSV
and provide a relevant and well-established model, amenable to biological sampling to monitor virus
shedding and neutralizing antibodies. Previous reports have documented the pathogenicity and trans-
missibility of wild-type isolates and recombinant strains of VSIV and VSNJV using the swine model.
Oncolytic VSV engineered to express interferon-beta (IFNf) and the sodium iodide symporter (NIS), VSV-
IFNp-NIS, has been shown to be a potent new therapeutic agent inducing rapid and durable tumor
remission following systemic therapy in preclinical mouse models. VSV-IFNS-NIS is currently undergoing
clinical evaluation for the treatment of advanced cancer in human and canine patients. To support clinical
studies and comprehensively assess the risk of transmission to susceptible species, we tested the patho-
genicity and transmissibility of oncolytic VSV-IFNS-NIS using the swine model. Following previously
established protocols to evaluate VSV pathogenicity, intradermal inoculation with 107 TCID5, VSV-IFN -
NIS caused no observable symptoms in pigs. There was no detectable shedding of infectious virus in VSV-
IFNS-NIS in biological excreta of inoculated pigs or exposed naive pigs kept in direct contact throughout
the experiment. VSV-IFN-NIS inoculated pigs became seropositive for VSV antibodies, while contact pigs
displayed no symptoms of VSV infection, and importantly did not seroconvert. These data indicate that
oncolytic VSV is both nonpathogenic and not transmissible in pigs, a natural host. These findings support
further clinical development of oncolytic VSV-IFNS-NIS as a safe therapeutic for human and canine cancer.
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INTRODUCTION of isolated wild-type strains of both VSIV and

VESICULAR STOMATITIS VIRUS (VSV) is a negative-
stranded RNA virus that causes disease in ag-
ricultural livestock including horses, cattle, and
pigs. Two major serotypes of VSV have been iden-
tified, namely, New Jersey (VSNJV) and Indiana
(VSIV). While both serotypes have caused epi-
demics in livestock, VSNJV is considered more
pathogenic and has caused recent outbreaks in the
United States.! Pathogenicity and transmissibility

VSNJV have been previously evaluated in pigs, a
natural host for VSV.2™* These studies indicate
that isolated wild-type strains of VSIV and VSNJV
cause disease-related clinical symptoms in pigs,
including fever, blistering lesions, shedding of in-
fectious virus, and seroconversion in inoculated
pigs. It is well documented that wild-type VSV
causes clinical infection and is transmissible in
the swine model. While wild-type VSNJV is more
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virulent and transmissible than VSIV, both viruses
induce clinical infection in inoculated animals with
detectable shedding of infectious virus and clinical
disease or seroconversion in contact pigs. These
data provide the basis to evaluate and compare the
biosafety of recombinant VSV vectors.

VSV is a rapidly replicating, potently immuno-
genic virus that is amenable to engineering and has
been deployed as a platform to develop prophylactic
and therapeutic vaccines to prevent and/or treat
infectious disease and oncolytic viruses for the treat-
ment of cancer.”® Recombinant attenuated VSV
vectors have been shown to replicate selectively in
and kill cancer cells and are not pathogenic in hu-
mans.” Tumor selectivity is due largely to cancer-
specific defects in innate immune response path-
ways preventing malignant cells from mounting an
effective antiviral response rendering them per-
missive to virus replication and killing.’° VSV is a
particularly promising vector for development as an
oncolytic therapy due to the lack of preexisting im-
munity to VSV in the general human population,
allowing the development of agents that can po-
tentially be administered systemically for the treat-
ment of disseminated and metastatic cancers.!’+!2
Oncolytic virus therapies are often attenuated or
made tumor selective by experimental evolution or
engineering. Oncolytic VSV agents in clinical de-
velopment for cancer therapy are derived from
VSIV, and attenuation is based on their ability to
induce expression of type 1 interferons compared
with wild-type VSV.%3 Despite attenuation, clini-
cal translation of recombinant replication compe-
tent oncolytic virus is dependent on comprehensive
biosafety assessment, including virus pathogenicity
and transmissibility, to ensure there is minimal risk
of toxicity, transmission to caregivers, or in the case
of zoonotic-like VSV, risk of transmission to sus-
ceptible species that are in contact with treated
patients.'*

VSV-IFNp-NIS is a recombinant oncolytic VSV
engineered to express interferon-beta (IFNp) and
the sodium iodide symporter (NIS).'51¢ IFNS ex-
pression enhances tumor selectively by activating
innate immune responses to promote virus clear-
ance from noncancerous cells, while virus replica-
tion and spread continue relatively unhindered in
cancer cells. The NIS protein, normally expressed
in thyroid tissues, is responsible for accumulation
of iodide in cells for hormone production. Viral ex-
pression of the NIS gene in infected tumor cells
allows serial noninvasive imaging (e.g., single
photon emission computed tomography) using
NIS-specific radio tracers to track virus biodis-
tribution and replication over time.'” Previous

findings demonstrate that VSV-IFNS-NIS is well
tolerated and has potent antitumor activity fol-
lowing intravenous administration in immune
competent preclinical rodent tumor models, medi-
ating tumor destruction through a combination of
direct virus-induced tumor lysis and stimulation of
antitumor immune responses.'® VSV-IFNS-NIS
has also been shown to be nonpathogenic in pre-
clinical toxicity and biodistribution studies with
no evidence of neuro- or other toxicities observed
following intravenous administration, even in
immune-compromised, tumor-bearing mice.'*!®
This favorable safety profile is likely associated
with virus attenuation due to both incorporation of
two transgenes, where maximal VSV-IFNf-NIS
titer is less than that of VSV expressing a single
GFP transgene (VSV-GFP), and IFNf expression
that promotes activation of antiviral interferon
responses in sensitive cells.'® Preclinical studies in
rodents, nonhuman primates, and laboratory dogs
indicate the maximum tolerated dose and dose-
limiting toxicities and safety and biodistribution of
intravenous VSV-IFNp-NIS.?®20 VSV-IFN-NIS
is currently in clinical development for the treat-
ment of human and canine cancer. Here, we carried
out a biosafety assessment to establish pathoge-
nicity and transmissibility of oncolytic VSV-IFN f-
NIS in pigs to support clinical translation. Human
IFNf has been shown to cross react and induce
antiviral activity in bovine and porcine cells.?! This
investigation was carried out using well-established
protocols that have been previously utilized to
characterize isolated wild-type strains of VSIV and
VSNJV.2* Our findings indicate that oncolytic VSV-
IFNB-NIS is nonpathogenic and nontransmissible
in pigs. These data demonstrate the minimal risk of
transmission of oncolytic VSV to untreated individ-
uals and to natural animal hosts, supporting the
safe use of oncolytic VSV-IFNS-NIS in both veteri-
nary and human clinical settings.

RESULTS AND DISCUSSION
Clinical trial

Recombinant oncolytic VSV-IFNS-NIS is being
tested in clinical trials for the treatment of human
and canine cancer. This study provided critical
data describing the biosafety, specifically the path-
ogenicity and transmissibility, of oncolytic VSV-
IFNB-NIS in a susceptible species. These data, in
addition to preclinical toxicology, biodistribution,
and safety studies'®2° supported submission of an
investigational new drug (IND) application to initi-
ate a phase 1 clinical trial evaluating intravenous
VSV-IFNS-NIS therapy in patients with relapsed
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endometrial cancer and relapsed or refractory
hematologic malignancies including multiple mye-
loma, T-cell lymphoma, and acute myeloid leuke-
mia. These data also supported the initiation of a
veterinary clinical study evaluating intravenous
VSV-IFNS-NIS therapy in pet dogs with spontane-
ous cancer.

Objectives and study design

Recombinant oncolytic VSV-IFNS-NIS was pre-
viously generated and characterized demonstrating
replication and functional transgene expression.®
Figure 1A shows the schematic of the recombinant
genome. VSV-IFNS-NIS anticancer activity was
tested in preclinical murine myeloma tumor mod-
els, demonstrating that both tumor-selective virus
replication and activation of antitumor T-cell re-
sponses mediate a therapeutic response against
established subcutaneous myeloma tumors in syn-
geneic immunocompetent mice.'®?2 IND-enabling
translational steps were carried out including pre-
clinical toxicology and biodistribution studies and
manufacture of clinical grade recombinant vi-
rus.'®!® Clinical trials evaluating VSV-IFNS-NIS
therapy for the treatment of human cancer are
underway. To support clinical development, we
wanted to determine the pathogenicity and trans-
missibility of oncolytic VSV-IFNS-NIS in a sus-
ceptible species. This study was carried out in
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pigs, a natural host for VSV, similarly to previous
investigations that established the pathogenicity of
field and laboratory strains of VSIV and VSNJV
isolated from naturally occurring infections in
livestock (see Supplementary Information for a full
description of methods; Supplementary Data are
available online at www.liebertpub.com/humc).
Figure 1B shows the in vivo study design: four pigs
were directly inoculated by intradermal scarifica-
tion of the snout with 1x10” TCIDj, of VSV ex-
pressing human IFNf and NIS (VSV-IFNS-NIS)
per animal (inoculated group) and four pigs that
remained separated by a fence in the same pen for
24h postinoculation (contact group), after which
the two groups of pigs were housed together in the
same pen until the end of the study. Contact ani-
mals had direct and continuous exposure to skin,
bodily fluids, and excreta from inoculated pigs. In-
oculated and contact pigs were housed in BSL-3Ag
conditions, and monitored for symptoms of VSV
pathogenesis including vesicular lesions and fever
by measurement of rectal temperature.

Pathogenicity of oncolytic VSV-IFN-NIS

Previous studies demonstrated that pigs inocu-
lated with wild-type VSIV and VSNJV strains
caused clinical symptoms of infection, including
lesions on the snout and occasional secondary hoof
lesions. VSNJV was significantly more pathogenic

GROUP 2: CONTACT

Non- moculated housed
with inoculated pigs

MONITORING
SYMPTOMS VIREMIA & SERUM DAY 21
* Temperature || SHEDDING * Neutralizing || NECROPSY
* Lesions * Blood/serum antibodies * Detection
* General * Nasal, oral, * Serum IFNB of virus in
physical rectal, swabs tissue
symptoms samples

Figure 1. Evaluation of pathogenicity and transmissibility of recombinant VSV-hIFNS-NIS in pigs. (A) Schematic of the genome of a recombinant Indiana
strain vesicular stomatitis virus (VSV) encoding human interferon-beta (hIFNS) and the human sodium iodide symporter (hNIS). (B) Study outline indicating

treatment groups and monitoring.
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Figure 2. Clinical symptoms following VSV-hIFN-NIS inoculation. Four pigs were inoculated with 1x 107 TCIDgo VSV-hIFNA-NIS and housed with four contact
pigs. Clinical symptoms were monitored, including (A) measurement of rectal temperature in inoculated (black) and contact (grey) pigs. (B) Pigs were
examined for presence of lesions on the snout, mouth, lips and other locations, with representative images indicating absence of lesions from one inoculated

pig shown at the indicated days postinoculation (DPI).

causing severe lesions on snout, and secondary
lesions on the tongue and hooves.>™ In contrast,
there were no observable clinical symptoms in
VSV-IFN-NIS inoculated pigs. Inoculated pigs did
not develop a fever (Fig. 2A), and no lesions were
observed at the site of inoculation on the snout or in
secondary locations such as hooves (Fig. 2B). These
data indicate that oncolytic VSV-IFNp-NIS is
nonpathogenic in pigs, a natural host for VSV.

Viremia

Whole blood and sera were collected at indicated
time points from both inoculated and contact group
pigs following inoculation with VSV-IFNf-NIS to
monitor viremia (Table 1). Samples were analyzed
by quantitative real-time reverse transcription
polymerase chain reaction (qRT-PCR) targeting
the VSV-N gene, indicating no detectable viral
RNA in these samples. No infectious virus or de-
tectable virus genome were observed in any of the
samples (not shown).

Virus shedding

Nasal, oral, and rectal swab samples were col-
lected to monitor virus shedding following VSV-
IFN-NIS inoculation (Table 1). No infectious virus
was recovered from nasal, buccal, or rectal swab
samples collected to monitor virus shedding follow-
ing VSV-IFNS-NIS inoculation, or from epithelial

swabs from the site of inoculation. Quantitative
real-time PCR was utilized as previously de-
scribed?®?* to detect VSV RNA in shedding samples.
Results indicated VSV-N RNA was detectable in
some early nasal, oral, and rectal swabs (Fig. 3) only
in directly inoculated pigs, and no viral RNA was
detectable in any samples collected from contact
pigs. In summary, there is no recoverable infectious
virus being shed from inoculated pigs, and VSV-N
RNA was weakly detectable primarily in nasal and
oral swabs up to 4 days postinoculation but is not
indicative of infectious virus. Both infectious virus
and VSV-N RNA are absent in samples from contact
pigs. These data indicate that oncolytic VSV-IFN -
NIS is not shed in nasal, oral, or fecal excreta and is
not transmissible in a susceptible species. At the
end of the study period (day 21), pigs were eutha-
nized and palatine tonsils and spleen samples were
collected and tested to detect infectious virus or
VSV-N RNA by qRT-PCR. Postmortem tonsil and
spleen tissues were negative for both infectious vi-
rus and VSV RNA (N target gene).

Neutralizing antibodies

Analysis of serum indicated the presence of
neutralizing antibodies against VSV in 3 of 4 pigs
directly inoculated with VSV-IFNf-NIS. No neu-
tralizing antibodies were detected in contact pigs,
indicating that oncolytic VSV-IFNfS-NIS is not

Table 1. Collection of biological samples to monitor viremia, virus shedding, and antibody neutralization

Days Postinoculation

Samples 0 1 2 3 4 5 6 7 8 9 0 14 21

Viremia (blood) Whole blood (qRT-PCR) X X X X X X X X X X X X X
Serum (qRT-PCR) X X X X X X X X X X X X X

Virus shedding Oral swabs (VI & gRT-PCR) X X X X X X X X X X X X X
Nasal swabs (VI & gRT-PCR) X X X X X X X X X X X X X

Rectal swabs (VI & gRT-PCR) X X X X X X X X X X X X X

Neutralizing antibodies Serum (antibody neutralization assay) X X X X X X X X X X X X X

VI, virus isolation; gRT-PCR, quantitative real-time reverse transcription polymerase chain reaction.
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Figure 3. Detection of virus shedding. Biological samples, including nasal, oral, and rectal swabs, were collected at indicated time points after inoculation
with VSV-IFNS-NIS. RNA from biologic samples were analyzed by qRT-PCR to detect VSV nucleocapsid (N) RNA, indicating that low levels of viral RNA were
detectable in (A) oral, (B) nasal, and (C) rectal swabs in directly inoculated pigs (Nos. 45408-45411) but not in contact pigs (45412-45415). No infectious virus

was detectable in any collected samples.

transmissible to susceptible species in direct
physical contact with inoculated animals (Fig. 4).
Notably, the antibody levels detected in directly
inoculated pigs were markedly lower (~ 10-fold
lower) than those detected in previous studies in
pigs with inoculated with wild-type VSIV or
VSNJV.2 Serum was also tested by ELISA indi-
cating no detectable human IFNf in serum of pigs
from inoculated or contact groups (not shown).

Activation of type 1 Interferon responses
by oncolytic VSV-IFNS-NIS

Tumor cells with defective innate immune re-
sponses are selectively susceptible to virus repli-
cation and oncolysis.!® We hypothesize that
activation of innate immune response by virally
encoded IFNf attenuates VSV pathogenicity
thereby rendering oncolytic VSV-IFNS-NIS non-
pathogenic and nontransmissible, making it ide-
ally suited for development as an oncolytic agent
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Figure 4. Serum neutralizing antibody titers following VSV-hIFNf-NIS in-
oculation. Adaptive immune response was monitored by measuring anti-VSV
antibodies in serum collected at indicated time points following inoculation
in pigs (45408-45411) or contact pigs (45412-45415) by sero-neutralization
test on baby hamster kidney (BHK-21) cells. Anti-VSV antibody titer indicates
the maximum serum dilution that protects BHK-21 cells from infection with
500 TCIDsp VSV.

for the treatment of cancer. Human IFNf has been
previously shown to cross react and induce antivi-
ral responses in bovine and porcine cells.?! To
evaluate the correlation between type 1 IFN induc-
tion and attenuation in porcine cells, we compared
growth kinetics of recombinant VSV-IFNf-NIS
and wild-type VSIV in baby hamster kidney (BHK-
21) cells, a cell line that is highly susceptible to VSV
infection, or locally derived and cultured primary
fetal porcine kidney cells (FPKC)?® (Fig. 5A). These
data indicate that VSV-IFNp-NIS replication is
attenuated by approximately 2-log in FPKC, but
not attenuated in BHK-21 cells. VSV-IFNj-NIS
replication in both cell lines results in expression
and secretion of human IFNf measurable by 5h
postinfection in BHK-21 cells, and at 20h postin-
fection in FPKC (Fig. 5B). Comparison of plaque
formation of VSV-IFNS-NIS to wild-type VSIV in
BHK-21 or FPKC indicate that both viruses form
comparably large plaques in BHK-21 cells, while
oncolytic VSV-IFN-NIS plaque formation is no-
tably attenuated in FPKC (Fig. 5C). Finally, gene
expression changes following infection with wild-
type VSIV or oncolytic VSV-IFNS-NIS were mea-
sured, indicating strong induction of a type 1 IFN
response following VSV-IFNS-NIS infection in
FPKC and robust upregulation of antiviral IFN
stimulated genes (ISGs). Upregulation of ISGs is
highlighted in Table 2. These data suggest induc-
tion of Type 1 IFN responses plays a key role in
attenuation of VSV pathogenicity following VSV-
IFNS-NIS infection.

CONCLUSIONS

Vesicular stomatitis virus causes outbreaks of
vesicular disease, that when occurring in cattle or
pigs are clinically undistinguishable from foot-and-
mouth disease, a devastating foreign animal disease
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Figure 5. Replication, virus gene expression, and cytotoxicity of oncolytic VSV-IFNS-NIS versus wild-type VSV Indiana (VSIV). Adapted cell line BHK-21 and
primary cell cultures of FPKC were infected with VSV-IFNb-NIS or wild-type VSIV at an MOI of 0.1. Media were replaced at the indicated time points and
supernatant collected to determine (A) virus replication by measurement of virus titer in TCIDso/mL by titration on BHK-21 cells and (B) human IFNf
expression, which was quantified by ELISA. (C) Plaque morphology on BHK-21 and FPKC by VSV-IFNb-NIS or wild-type VSIV were evaluated by standard
plaque assay, where plates were stained with crystal violet after 48 h of incubation.

for the United States. Therefore, outbreaks must
be reported to State and USDA-APHIS animal
health authorities for appropriate diagnostics and
rule out of foot-and-mouth disease. Vesicular sto-
matitis virus outbreaks occur sporadically in the
United States, causing acute disease in cattle,
horses, and pigs and can cause major economic
losses due to quarantines and other animal
movement control measures. Pathogenicity and
transmissibility of VSV following epithelial snout
scarification inoculation in pigs has been previ-
ously utilized to characterize wild-type VSV
strains including both laboratory and field strains
of VSIV and VSNJV.2 Here, we used established
protocols to evaluate the pathogenicity and trans-
missibility of oncolytic VSV-IFNS-NIS following
intradermal snout scarification in pigs. The
data indicate that oncolytic VSV-IFNp-NIS is
nonpathogenic in pigs with no measurable or

observable indications of infection. Monitoring of
viremia and virus shedding indicate there is no
active infection following VSV-IFN-NIS inocula-
tion, with no detectable viremia and no infectious
virus detectable in samples tested for virus shed-
ding in pigs from inoculated or contact groups.
Samples were also analyzed by qRT-PCR, a highly
sensitive method to detect VSV RNA. VSV RNA
was detectable in nasal swabs immediately fol-
lowing snout inoculation with VSV-IFN-NIS. VSV
RNA quantification was below the limit of detection
in occasional nasal, oral, and rectal swabs, all
within the first 4 days following inoculation. No
VSV RNA was detectable in contact pigs. These
data indicate the highly sensitive qRT-PCR meth-
od may be detecting residual VSV inoculum, and
there is no active infection or transmission of in-
fection to contact pigs. The most definitive evidence
of the lack of VSV-IFNf-NIS transmissibility in
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Table 2. Gene expression changes in fetal porcine kidney cells after infection with oncolytic VSV-IFNB-NIS or wild-type VSIV

Type | Interferon VSV-IFNB-NIS RQ mRNA SD VSVIND 4.1 RQ mRNA SD
Interferon beta 1 (IFNS1) 3372.94 250.03 30.31 412
Interferon alpha 2 (IFN«2) 25.95 2.36 0.63 0.27
Interferon alpha 1 (IFNx1) 383 1.1 1.16 0.09
Interferon regulatory factors VSV-IFNB-NIS RQ mRNA SD VSVIND 4.1 RQ mRNA SD
Interferon Regulatory Factor 7 (IRF7) 21.53 5.05 0.56 0.17
Interferon Regulatory Factor 9 (IRF9) 3.68 0.26 0.55 0.10
Interferon Regulatory Factor 1 (IRF1) 2.62 0.20 0.48 0.06
Interferon Regulatory Factor 6 (IRF6) 1.70 0.19 1.00 0.29
Interferon Regulatory Factor 3 (IRF3) 0.62 0.34 0.78 0.20
Trascrpition factors VSV-IFNB-NIS RQ mRNA SD VSVIND 4.1 RQ mRNA SD
Signal Transducer And Activator Of Transcription 2 (STAT2) 5.88 261 0.52 0.16
Signal Transducer And Activator Of Transcription 1 (STAT1) 2.81 0.39 0.78 0.24
Antiviral INF -stimulated genes (ISG) VSV-IFNB-NIS RQ mRNA SD VSVIND 4.1 RQ mRNA SD
2'-5'-Oligoadenylate Synthetase 1 (0AS1) 2489.64 187.82 2.31 0.58
Retinoic acid-inducible gene I (RIG-I) 1913.37 173.72 0.72 0.27
MX Dynamin Like GTPase 2 (MX2) 1002.02 34.78 0.98 0.19
Interferon Induced Protein With Tetratricopeptide Repeats 1 (IFIT1) 468.61 79.28 2.28 0.40
Guanylate Binding Protein 1 (GBP1) 150.81 33.68 0.46 0.01
Interferon-induced protein with tetratricopeptide repeats 2 (IFIT2) 58.83 2.87 0.59 0.26
Interferon-induced GTP-binding protein (MX1) 56.05 3n 1.16 0.45
Bone Marrow Stromal Cell Antigen 2 (BST2) 12.21 2.08 091 0.25
Guanylate Binding Protein 2 (GBP2) 1.07 212 0.81 0.37
Protein kinase R (PKR) 3.99 0.49 0.57 0.17
Tripartite motif-containing protein 25 (TRIM25) 153 0.70 0.99 0.38
Interferon Stimulated Exonuclease Gene 20 (ISG20) 0.68 0.32 0.31 0.12

Gene expression quantification was assessed by quantitative reverse transcription real-time polymerase chain reaction (qrt-PCR). Values are represented as
relative quantities (RQ) of mMRNA accumulation (estimated by 222 with their corresponding standard deviations (SD). RQ values over 3 (shown in boldface)

are considered positive.

pigs is the absence of seroconversion in contact
pigs. Three out of four inoculated pigs developed
a low antibody response against VSV, detectable
approximately 6-7 days post inoculation. The
maximal antibody titer in VSV-IFNf-NIS inocu-
lated pigs was ~ 10-fold lower than those detected
in pigs inoculated with wild-type VSIV.? None of
the contact pigs developed neutralizing antibodies
to VSV, indicating that there was no exposure to
VSV-IFNp-NIS even when in direct physical con-
tact with inoculated animals. These data indicate
that oncolytic VSV-IFNS-NIS is nonpathogenic
and nontransmissible in pigs, a naturally suscep-
tible host for VSV.

Comparison of in vitro infections of susceptible
BHK-21 or FPKC porcine kidney cells to infection by
wild-type VSIV or oncolytic VSV-IFNS-NIS indi-
cates that VSV-IFN-NIS is attenuated in porcine
cells, with corollary detection of potent activation of
Type 1 interferon responses and expression of ISGs.
Previous studies indicate human interferon-f can
cross react and induce antiviral responses in bovine
or porcine cells.?! These data suggest that VSV at-
tenuation is associated with ability of VSV strains to

induce activation of type 1 interferon responses.
This is likely in addition to attenuation of VSV
due to the insertion of the two transgenes. It has
previously been shown that the addition of tran-
scriptional units to the genome of nonsegmented
negative-strand viruses can have an attenuating
effect on virus replication.?® VSV-IFNS-NIS has
lower maximal titer in vitro compared with recom-
binant VSV expressing a single GFP transgene in
an interferon-resistant cell line.'® These data col-
lectively demonstrate the minimal biosafety, and
environmental risk related to use of oncolytic VSV-
IFNp-NIS to individuals in contact with patients
receiving treatment, and for patients or families in
contact with livestock that are natural hosts of VSV.

This study has provided critical data indicating
that recombinant oncolytic VSV-IFNS-NIS is non-
pathogenic and nontransmissible in a susceptible
species. These findings supported that VSV-IFNg-
NIS can be safely utilized in clinical settings for the
treatment of cancer in human and canine cancer
patients, both that may come into contact with ag-
ricultural livestock that are naturally susceptible to
VSV infection. Veterinary clinical trials are under-
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way to test clinical efficacy of intravenous VSV-
IFNp-NIS therapy in pet dogs with advanced can-
cers. Human clinical trials are underway to evaluate
intratumoral and intravenous oncolytic VSV ther-
apy in patients with relapsed or refractory cancer.
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