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Potent Oncolytic Activity of Raccoonpox Virus
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Laura Evgin', Markus Vaha-Koskela', Julia Rintoul', Theresa Falls', Fabrice Le Boeuf',
John W Barrett?, John C Bell' and Marianne M Stanford'

'Department of Biochemistry, Microbiology and Immunology, University of Ottawa, Centre for Cancer Therapeutics, Ottawa Health Research Institute,
Ottawa, Ontario, Canada; ?BioTherapeutics Research Group, Robarts Research Institute, London, Ontario, Canada

A number of oncolytic virus (OV) candidates currently
in clinical trials are human viruses that have been engi-
neered to be safer for patient administration by limit-
ing normal cell targeting and replication. The newest
OVs include viruses that cause no disease in humans,
yet still have natural tumor tropism. Raccoonpox virus
(RCNV) is a member of the Orthopoxvirus genus of
Poxviridae and closely related to vaccinia virus, yet has
no known pathogenicity in any mammalian species.
A screen of cells from the NCI-60 cancer cell panel
using growth curves demonstrated greater than a log
increase in replication of RCNV in nearly 74% of the
cell lines tested, similar to other tested OV poxviruses.
In normal cell lines, pretreatment with interferon (IFN)-
o/ resulted in significant inhibition of RCNV replica-
tion. In both xenograft and syngeneic models of solid
tumors, injection of RCNV resulted in significantly
slower tumor progression and increased survival of
mice. RCNV treatment also prolonged survival in treat-
ment-resistant models of brain tumors and decreased
tumor burden by systemic administration in models of
lung metastasis.
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INTRODUCTION

Oncolytic viruses (OVs) are an exciting emerging targeted cancer
therapy. Many tumors often sacrifice components of the inflam-
matory and antiviral defenses in favor of unchecked cellular
growth, constituting the “Achilles heel” that OV's exploit for their
own replication.

A large number of viruses have been explored for their ability
to preferentially replicate in and kill tumor cells." Many of these
viruses are responsible for naturally occurring, sometimes benign
human infections, and have been genetically modified to increase
selectivity to neoplastic tissue.? Despite very good safety profiles,
many of the OV tested in the clinic do not demonstrate the robust
efficacy seen in preclinical models, illustrating that new selective
OV candidates need to be identified.

Poxviruses have an extensive history of use in humans either as
vaccines for infectious diseases like smallpox or as vaccine vectors
for the prevention and treatment of cancer.® Vaccinia virus is a
promising new OV candidate and has been engineered to be tumor
selective by a variety of strategies including, but not restricted to,
removal of the viral thymidine kinase (TK)* or by deletion of the
vaccinia growth factor (VGF) gene.* A clinical candidate virus,
JX-594, also expresses human GM-CSF to increase its immune-
stimulating properties.® This virus has shown encouraging safety
and efficacy in early human clinical studies.” Indeed, the safety
and efficacy experience in the clinic to date with vaccinia supports
the idea that the poxvirus platform is a good starting point for the
identification of additional OVs.

Recently, myxoma virus, a leporipoxvirus, and Yaba-like
disease virus, a yatapoxvirus, have also shown OV potential.>**
Myxoma virus cannot naturally infect humans, yet it has the
ability to infect many human cancer cell lines'® and shows efficacy
in both immunodeficent brain models and immunocompetent
models of other types of tumors.'"'? The capacity of myxoma
virus to replicate productively in human tumor cells is intrinsi-
cally linked to the Akt status of the cells,”® whereas its exclusion
from normal human tissue is controlled by interferons (IFNs)
and TNF-a."

The finding that myxoma virus has significant efficacy as an
OV has led to examination of other nonhuman poxviruses that are
more closely related to vaccinia virus. These viruses represent an
exciting avenue as they likely require little genetic manipulation to
be deemed safe for use in humans. Raccoonpox virus (RCNV) is a
member of the Orthopoxvirus genus and closely related to vaccinia
virus. RCNV was first discovered in a screen of outwardly healthy
raccoons in Maryland in 1961." It has no known pathology in any
species (including raccoons), which leads many to believe that its
“natural” host may still be undiscovered. This virus has been used
as a wild mammal vaccine and has been shown to successfully
induce immunity, without any concurrent pathology in a num-
ber of species, including mice, prairie dogs, cats, and raccoons. In
this study, we tested a novel RCNV strain that was isolated from
the forepaw of a cat in Canada (this was the first report of RCNV
infecting felines).'® Like vaccinia, RCNV has a large genome and
the potential to harbor and express several transgenes. For the
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studies presented here, the enhanced green fluorescent protein
was inserted into the viral TK locus for visualization purposes.
We have assessed virus replication in cells from the NCI-60 cell
panel, and demonstrate that RCNV is able to replicate several logs
in the majority of human tumor cells tested. In normal cells, the
replication of RCNV is significantly dampened by pretreatment
with IFN. We also demonstrate significant efficacy of RCNV in
treatment of both xenograft and syngeneic tumors in animal mod-
els, both by direct and systemic delivery of the virus. We believe
that RCNV represents an alternative new oncolytic candidate that
likely has an excellent safety profile and significant efficacy despite
little genetic interference. Its lack of pathology may represent a
unique opportunity to treat patient populations that may be con-
traindicated for the use of other poxviruses.

RESULTS

RCNV replicates and kills human tumor cells in vitro
To determine whether RCNV has the ability to infect and kill
human tumor cells, a screen of established cancer cell lines
from the NCI-60 cell panel was undertaken. Single-step growth
curves [multiplicity of infection (MOI) 3] were generated to deter-
mine permissiveness, which was defined as greater than one-log
increase in virus titers over input, which is within the sensitivity of
the plaque assay used to determine titer (Figure 1). Based on this
criterion, 74% of cell lines tested were permissive (25 of 34 human
tumor cell lines tested). Most (30 of 34 cell lines, 88%) resulted
in RCNYV titers that were above input virus (1.0, Figure 1a). All
murine cancer cells tested showed significant RCNV replication.
In addition, RCNV at low MOI (0.1) demonstrated replication
in three normal human cell types: umbilical cord vein endothe-
lial cells (HUVECs), dermal microvascular endothelial cells
(HMVEGCs), and astrocytes (HAst) in vitro (Figure 1b). However,
pretreatment of these cell lines with type I IFN resulted in an up
to four-log decrease in RCNV replication. In contrast, pretreat-
ment human cancer cells resulted in negligible (<1 log) decreases
in RCNV titer (Figure 1b).

Infection with RCNV correlated with tumor cell death
(Figure 2, Supplementary Figure S1). In culture, RCNV infec-
tion killed the majority of cells rapidly that can be visualized by
microscopy (Supplementary Figure S1) or demonstrated by
Trypan blue exclusion (Figure 2a). Both human and murine
tumor cell lines have also been examined for their ability to grow
after RCNV infection (Figure 2b,c). Cells were infected at the
indicated MOI and 24 hours after infection, cells collected and
plated in fresh wells. The ability to grow and form clones was then
assessed. In human and primate cell lines, reduction in the ability
to form clones correlated with viral dose (Figure 2b). The murine
lines CT-26, B16F10, and delayed brain tumor (DBT) were greatly
reduced in their ability to form clones after RCNV infection at an
MOI of 0.1 (Figure 2c). The 4T1 cells were not as dramatically
affected by virus treatment. Thus, most cells infected with RCNV
are no longer able to grow in vitro, indicating viral destruction of
infected cells.

Safety and viral biodistribution of RCNV
RCNYV has been used as a vaccine vector in mice, eliciting excellent
immunity to Yersinia pestis and rabies virus without any adverse
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effects of the viral vector.” > Prior to our therapy experiments,
we confirmed the safety of our strain in adult, immunocompetent
mice. In toxicity experiments, a single intraperitoneal (i.p.) injec-
tion of up to 5 x 107 plaque-forming units (pfu) or intravenous
(i.v.) dose of up to 10° pfu of virus did not yield measurable signs
of illness in naive immunocompetent (Balb/c) mice. A biodistri-
bution experiment in CD-1 nude mice after i.v. dose of 107 pfu of
RCNYV indicated little virus in any of the organs tested at 6 hours,
72 hours, or 7 days after virus injection (Figure 3a), thereby vali-
dating the lack of illness in our safety experiments. A subsequent
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Figure 1 Analysis of RCNV replication in normal and tumor cell lines.
(a) Human tumor cell lines from the NCI-60 cell panel were screened
for replication of RCNV using a single-step growth curve, as were
normal cell lines and murine tumor cell lines (as indicated). The lines
were infected with RCN-gfp at a multiplicity of infection (MOI) of 3,
and the cellular lysates were collected every day for 4 days. The RCNV
titer was then determined by titration on BGMK cells. A summary of
all of the data is presented, indicating the highest fold increase in titer
obtained over the input virus (as determined by collection of cellular
lysate at time O after infection) on days 1, 2, or 3. (b) Comparison of
type | interferon pretreatment on RCNV replication in normal and can-
cerous human cells. Normal human umbilical cord vein endothelial cells
(HUVEC), dermal endothelial cells (HMVEC), astrocytes (HAst), SW620,
Hela, and SF295 were pretreated with Intron A (recombinant human
IFN-f for HAst) as described in Materials and Methods, and infected with
RCN-gfp at an MOI of 0.1. Cellular lysates were collected at 72 hours
after infection and titer determined on BGMK cells. pfu, plaque-forming
unit; RCNV, Raccoonpox virus.
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Figure 2 Tumor cell killing by RCNV. (a) Cell killing in response to
virus infection. The indicated cell lines were seeded in 6-well plates and
RCNV added at an MOI of 3. At each of the indicated days after infec-
tion, the cells were collected and viability determined by Trypan blue
exclusion using a Vi-CELL machine. This viability was then normalized to
uninfected control cells. (b) Clonogenic assays to determine cell death
induced by RCNV. The indicated cell lines were infected at an MOI of 0.3
or 3, and 24 hours after infection, trypsinized and counted. 10° viable
cells were added in quadruplicate to 12-well plates and allowed to grow
into visible colonies, which were visualized using 0.1% crystal violet.
() Murine cells were infected with RCN-gfp at an MOI of 0.1 and clono-
genic assay performed as above 3 days after infection. MOI, multiplicity
of infection; RCNV, Raccoonpox virus.

biodistribution assay was performed in tumor-bearing immuno-
competent animals (Figure 3b). A dose of 10° pfu RCN-gfp was
injected into CT-26 tumor-bearing Balb/c mice (two per group) by
the i.v. or intratumoral (i.t.) route, and at both early (6 hours) and
later (72 hours) time points, the organs were collected and RCNV
titer determined. At 6 hours after i.v. injection, RCNV could be
detected in the spleen, liver, and lung, at relatively low titer (white
bars). By 72 hours after injection, RCNV could be detected at
low levels in all organs tested, with at least four logs more RCNV
detected within the tumor, underlying its proclivity for tumors
(hatched and black bars). The titers in all compared organs were
very similar regardless of the route of injection, indicating that
i.v. delivered RCNV can enter and replicate in tumors. Of note,
the highest titers of RCNV in normal tissues were detected in
the ovaries of i.v. injected mice. This propensity of orthopoxvi-
ruses to enter the ovaries has also been demonstrated using vac-
cinia virus.’ In nontumor-bearing animals, RCNV could only be
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Figure 3 Organ distribution of RCNV in mice. (a) Biodistribution exper-
iment was performed in CD-1 nude, naive mice (two per group) and they
were injected i.v. with 10”7 pfu RCN-gfp. At either 6 hours, 72 hours, or
7 days, the mice were euthanized and the indicated organs were col-
lected and homogenized, and the viral titer contained in the lysate was
measured using BGMK cells. (b) Biodistribution of RCNV in immunocom-
petent, tumor-bearing mice. Mice bearing s.c. CT-26 tumors (10 days
after implantation) (two mice per group) were injected either i.v. or i.t.
with 108 pfu of RCNV. At either 6 or 72 hours after injection, the mice
were euthanized and the indicated organs were collected and homog-
enized, and the viral titer from each individual organ was measured using
BGMK cells. The data represented is the average titer from these organs.
LN, lymph node; pfu, plaque-forming unit; RCNV, Raccoonpox virus.

detected in the lungs after 3 days (~2 x 10* pfu/g, data not shown).
As RCNV was originally discovered in the lungs of raccoons, this
tissue tropism is not unexpected.

RCNV is effective in the treatment of human

tumors in a xenograft model

Human colon cancer cell line SW620 was chosen from the screen
to examine the efficacy of RCNV treatment of established tumors
in nude mice (Figure 4). Tumors were established under the skin
and at ~9-12 days postimplantation, we began i.t. injections of
RCNV. Treated mice (four mice) received a total of four i.t. injec-
tions (time points indicated by arrows) of RCNV (107 pfu/dose),
whereas the tumors of control mice (five mice) were injected with
phosphate-buffered saline (PBS). Mice that received RCNV exhib-
ited no ill effects from virus treatment. Mice that had PBS-treated
tumors rapidly grew to end point and one RCNV-treated tumor
demonstrated a similar progression to control tumors. Another
treated tumor had significant delay in progression and two of four
RCNV-treated mice were cured of their tumors (P = 0.047).

RCNV is effective in the treatment of syngeneic
mouse tumors in immunocompetent animal models
We conducted a similar experiment to those done in the nude
mice (Figure 5a) in immunocompetent Balb/c mice bearing syn-
geneic CT-26 tumors. Repeated intratumoral injections of RCNV
into CT-26 tumors improved the survival of mice compared to
control animals. In examining individual treated animals, 5 of 11
of the mice were cured of their tumors (Figure 5a, P = 0.0511).
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Figure 4 Treatment of human xenograft tumors in nude mice with
RCNV. Human SW620 cells (10° cells) were injected s.c. into the right
flank of naive CD-1 nude mice. At 10 days after implantation, RCN-gfp
(107 pfu) was injected into the tumor. RCNV was also injected at days 14,
17, and 24 after tumor implantation. Mice were followed until end point
that was based on high tumor volume (P = 0.047). PBS, phosphate-
buffered saline; pfu, plaque-forming unit; RCNV, Raccoonpox virus.

As in the xenograft model, there were no visible signs of illness
in RCNV-treated mice, yet several mice failed to respond to
treatment. Multiple i.v. injections of RCNV did not result in an
increased survival in this model, although at early time points
following treatment with RCNV delivered i.v. and i.t., we observed
significant (P = 0.005) retardation of tumor growth as compared
to control tumors (Supplementary Figure S2a). This suggests that
early doses of virus reach the tumors and retard their progres-
sion; however, insufficient virus from subsequent doses is deliv-
ered to establish a curative infection in these subcutaneous tumor
models.

In contrast, intravenous administration of RCNV to a lung
metastasis model with CT-26 did have a significant impact on
tumor burden (Figure 5b). In addition, the poxvirus OVs MYXV
and VACV were also administered, and all viruses demonstrated
significant efficacy in this model. In a separate experiment, RCNV
was injected iv. to CT-26 lung tumor-bearing animals, and at
24 hours, we collected the lungs. Both microscopy and titration
indicated that RCNV is delivered to the lung and it colocalizes
with the tumor tissue (Supplementary Figure S2b). This does not
rule out a role of immune-mediated destruction of the tumor, yet
shows that detectable virus can be found in tumor-bearing lungs.

RCNYV can extend survival in treatment-resistant
brain tumors in immunocompetent mice

In addition to subcutaneous tumor models, we wanted to assess
virus efficacy on malignant glioma, which is both difficult to treat
and located in a sensitive organ.”® A single injection of 107 pfu
RCNV, MYXYV, or VACV was given into the brains of animals
harboring intracranial DBTFluc tumors (Figure 6). By IVIS, we
saw that several tumors injected with RCNV responded to treat-
ment, with the tumor produced IVIS signal either decreasing or
remaining steady 10 days after treatment (Figure 6a) compared to
the rapid increase in signal in the control-treated animals. Overall,
treatment with RCNV stabilized disease for a short period of time
and showed a trend toward prolonged survival in these mice (P =
0.0941) (Figure 6b). In comparison, MYXV and VACV, which
has provided significant survival advantage in other brain tumor
models,”* demonstrated no survival advantage in this par-
ticular model (Figure 6b). Importantly, RCNV injections were
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Figure 5 Treatment of syngeneic tumors in immunocompetent mice
with RCNV. (a) Treatment of syngeneic solid tumors. CT-26 cells (3 x 10°
cells) were injected s.c. into the right flank of Balb/c mice. At 10 days after
injection, RCNV (107 pfu) was injected directly into the tumor. Virus was
also injected at days 14, 17, and 24 days after implantation. Tumor volume
for each mouse was followed in both the PBS-treated (dashed line) and
RCNV-treated groups (solid line) until end point (based on high tumor
volume) (P = 0.0511). (b) Treatment of metastatic CT-26 tumors with
oncolytic poxviruses. CT-26-LacZ cells (10° cells) were injected i.v. into
the tail vein of Balb/c mice. RCNV, MYXYV, or VACV (107 pfu) was injected
i.v. into the mice via the tail vein on days 1, 3, and 8 after cell injection.
At day 10, mice were killed, their lungs excised, fixed and stained with an
X-gal-containing solution. The lung lobes were then separated and the
surface lung metastases counted under a dissecting microscope (**P <
0.01, ***P < 0.001 by analysis of variance). PBS, phosphate-buffered
saline; pfu, plague-forming unit; RCNV, Raccoonpox virus.

well tolerated with no acute toxicity or neurological symptoms
observed during at least 10 days after infection (when mice started
dying of tumor burden).

DISCUSSION
RCNV represents a unique OV candidate. It is related to other
OV candidates such as vaccinia virus and myxoma virus, and has
no known significant pathology in any mammalian species. It was
first described in a screen of an outwardly healthy raccoon popu-
lation, and was not associated with any known illness.”» RCNV has
demonstrated utility as a vaccine vector in wild animal vaccines
for rabies virus and sylvatic plague, suggesting its safety in mul-
tiple animal species.!”'*»-2732-3 RCNV has also been inadvertently
introduced into humans by way of a laboratory accident, and even
with direct injection by needle-stick, there were a few symptoms
beyond an injection site reaction and a small blister, suggesting
further safety for eventual use in humans.*® Our biodistribution
experiments also suggest little viral replication in mice after i.v.
administration in both naive and tumor-bearing mice (Figure 3).
It appears therefore that RCNV is a naturally attenuated poxvirus,
and we show here that it has inherent oncolytic activity.

In this report, we directly correlate the OV capacity of
RCNV to the virus’ ability to replicate in vitro, in a manner
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Figure 6 Treatment of syngeneic orthotopic glioma model with RCNV. Intracranial DBTFluc tumors were established in Balb/c mice as described
in Materials and Methods. After 5 days, 107 pfu RCNV, MYXYV, or VACV was injected into the same stereotactic coordinates. (a) IVIS imaging of mice at
day 0 (at the time of virus injection) and day 10 after injection. (b) Kaplan-Meier survival curve shows a trend toward increased survival upon RCNV
treatment compared to controls (P = 0.0941). PBS, phosphate-buffered saline; pfu, plaque-forming unit; RCNV, Raccoonpox virus.

similar to what has been done to describe the OV capacity of
viruses, such as HSV and adenovirus.***” In many other reports,
the cellular death induced by the virus is sufficient to argue sig-
nificant replication. However, poxviruses are known to induce
death in vitro independent of viral replication (particularly at
very high MOI) due to their ubiquitous ability to enter cells and
initiate early gene transcription and stimulate death programs.*
Thus, we have chosen significant viral replication as our indi-
cation of oncolytic capacity and then correlated this to specific
cellular killing in vitro.

RCNV replicates in most tumor cell lines tested, similar to that
seen with other OV poxviruses.'” Comparison of the tumor tro-
pism of RCNV to that of myxoma virus, where a screen of human
tumor cell lines has been completed, revealed that cell lines, such
as HCT116 (colon cancer), are susceptible to both poxviruses;
however, RCNV is able to infect and kill human cancer cell lines
such as M14 (melanoma), ACHN (renal), and MCEF-7 (breast) that
restrict myxoma virus replication. Conversely, cell lines such as
PC3 (prostate) are restrictive to RCNV but permissive to myxoma
virus.'® A more systemic comparison of these viruses is required,
but the observed differences in the level of susceptibility indicate
that these viruses have unique mechanisms of action. In addi-
tion, the finding that pretreatment of normal cells with type I IFN
largely inhibits RCNV replication is also interesting as it has been
shown that myxoma requires the action of both IFN and TNF-a
to preclude its replication in normal cells." However, other OV
candidates such as VSV and NDV have also demonstrated this
differential sensitivity to IFN.*** We believe that the sequencing
of RCNV and study of its unique immunomodulatory genes may
give additional clues into its tumor tropism.

900

RCNV treatment significantly delayed the progression of
solid tumors in both xenograft and syngeneic tumor models
(Figures 3-6). However, some tumors did not respond to RCNV
despite significant viral titers within the tumor, perhaps due to
physical barriers within the tumor as has been shown with other
viruses. For instance, extracellular matrix that walls oft tumor
nests can impede the spread of OVs within tumors'**" arguing
that strategies that provide widespread infection of tumors is key
for effective therapy.

How is RCNV a distinctive oncolytic poxvirus candidate? It
appears to have a natural ability to kill certain tumors that are
known to be refractory to other poxvirus candidates suggest-
ing that it targets unique tumor-specific signaling pathways. Its
apparent safety in a number of mammalian species argues that it
could be added to the arsenal of poxviruses under development
for treatment of human tumors. An encouraging observation was
that RCNV seemed to provide therapeutic activity in a syngeneic
brain tumor model (Figure 6). This may represent a unique niche
for RCNV as it showed no obvious effects on normal brain tissue,
yet was able to impact on a highly treatment-resistant brain tumor
model. Brain tumors in general are an unmet clinical need that
would welcome a new OV strategy.

MATERIALS AND METHODS

Cell lines and viruses

Cell lines: Human tumor cell lines tested were from the NCI-60 reference
collection and maintained in media supplemented with a 3:1 mix of fetal
calf serum (PAA Laboratories, Etobicoke, Ontario, Canada) and fetal
bovine serum (Invitrogen, Burlington, Ontario, Canada), and grown at
37°C, 5% CO,. The human tumor cell lines used include the following:
DU145, HOP 92, HOP62, NCIH23, 786-0, A498, HT29, SW620, MCE-7,
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SKMEL3, ME180, ACHN, SKMEL28, CASKI, HCT116, HT1080, STHA,
PC-3, COLO205, OVCAR3, OVCAR 4, A431, BT549, SNB19, T47D,
MDMB435, OVCARS, SAOS-2, M14, SF295, UACC 62, HeLa, and
U20S. The murine tumor cell lines used include 4T1, B16F10, CT-26,
and DBT. B16F10 expressing LacZ (B16F10-LacZ) was obtained from
Ann Chambers (London Regional Cancer Program, London, Ontario,
Canada).!! CT-26-LacZ cells have been described.”? DBT cells® were
kindly provided by Robert C Rostomily, University of Washington, School
of Medicine, Seattle, WA. DBT cells expressing firefly luciferase (DBT Fluc)
were generated by plasmid transfection of DBT cells at no more than five
passages, with subsequent maintenance in medium supplemented with
1 mg/ml G418 (Sigma, Oakville, Ontario, Canada). Baby green monkey
kidney (BGMK) cells were obtained from Grant McFadden (University of
Florida, Gainesville, FL). All remaining cell lines were obtained from ATCC,
Manassas, VA. Most cell lines, with the exception of the murine melanoma
B16F10/B16F10LacZ cells which are grown in a-MEM (HyClone, Logan,
UT), were maintained in Dulbecco’s modified Eagle’s medium (HyClone).
HMVEC-dBIAd (adult dermal blood microvascular endothelial) and
HUVEC (umbilical vein endothelial) cells (Lonza, Basel, Switzerland)
were maintained in EGM-2 MV or EGM-2 medium, respectively, with
appropriate supplements (Lonza) for no more than nine passages.

Viruses. RCNV used in this study was isolated from a cat in Southern
Ontario, Canada.'® This viral isolate was used to create RCN-gfp, a recom-
binant with the enhanced green fluorescent protein inserted in the TK
open-reading frame, using the homologous sequence for vaccinia virus
TK. The viruses myxoma virus (vMyxgfp) and TK™ vaccinia virus (JX-594)
were as previously described.”*

Animals. Female 6- to 8-week-old Balb/c, C57BL6, or CD-1 nude mice
were supplied by Charles River Canada (St Constant, Quebec, Canada).
Mice were housed in groups of up to six mice in microisolator cages within
a level 2 biocontainment unit of the Animal Care and Veterinary Services
facility (University of Ottawa, Ottawa, Ontario, Canada) in a scheduled
12-hour light/dark environment. All animal protocols were carried out
according to standard operating procedures of the Animal Care and
Veterinary Services.

Viral growth curves and viability assay. Single-step growth curves were
conducted to assess RCNV replication in human tumor cells. Tumor cell
monolayers in 6-well plates at 80-95% confluence were infected with RCN-
¢fp at an MOI of 3, in a volume of 0.5ml, for 1 hour at 37°C, 5% CO,. The
virus inoculum was then removed and replaced with growth media. At the
indicated time points (0, 24, 48, 72, and 96 hours after infection), adherent
cells were dislodged using a cell scraper, and both the cells and correspond-
ing supernatants were collected and frozen at —80°C. Lysates were then
subjected to three freeze-thaw cycles to release the virus from the cells.
The RCNV contained in the cellular lysates were determined by titration
on BGMK cells. Serially diluted samples from lysates were applied to 95%
confluent monolayers of BGMK. Following 1-hour adsorption, the virus
inoculum was removed, and replaced with Dulbeccos modified Eagle’s
medium supplemented with 10% serum and 1.5% carboxymethylcellulose
(Sigma). The cells were incubated with virus for 4-5 days. The monolayers
were then stained with 1% crystal violet in methanol to allow for visualiza-
tion of plaques and determination of viral titer.

Replication in the following cell lines was also tested in the presence
of Intron A (IFN-a): HUVEC, HMVEC, SW620, SF295, and HeLa. Cell
monolayers in 12-well plates were treated with Intron A at a concentration
of 200IU/ml overnight prior to infection. Normal human embryonal
astrocytes (ScienceCell, Carlsbad, CA) maintained in 10% fetal bovine
serum-Dulbeccos modified Eagles medium were seeded in 12-well
plates at 150,000 cells per well (1ml) in either the absence or presence
of 2001U/ml recombinant human IFN-( (Betaseron). The cells were
inoculated with RCN-gfp at an MOI of 0.1 with 2001U/ml of Intron A
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in a volume of 100 ul for 2 hours. The inoculum was then removed and
replaced with growth media supplemented with Intron A (200IU/ml).
Seventy-two hours after infection, cell lysates were collected and the virus
samples titered (as described above).

Viability/clonogenic assays were performed using the same method
as the viral growth curves. The indicated cells were prepared and infected
with RCN-gfp at the indicated MOI (or mock-infected) as above. At
the indicated time points, cells were collected from the wells as above
and the cell viability assessed using Trypan blue exclusion via the Vi-
CELL instrument. Cells were then replated at 10° viable cells/well in
quadruplicate wells of a 12-well plate. Single resuspended cells form
clones in 7-14 days in cell culture medium. The monolayers were then
stained with 1% crystal violet in methanol to allow for visualization and
quantification of clones.

Maximum tolerated dose/biodistribution experiment. To determine the
safety of administration of RCNV in mice, increasing doses of RCN-gfp
were administered to Balb/c mice by both the intravenous and intraperi-
toneal routes. Mice (five per group) were injected i.p. with virus with titers
ranging from 5 x 10* to 5 x 107 pfu/dose. In a separate experiment, mice
(five per group) were injected i.v. with either 10, 107, or 10® pfu of RCN-
gfp. The animals were followed for signs of illness for 14 days, examining
physical changes such as weight loss, general appearance, lesion formation,
and respiratory distress.

The biodistribution of RCNV was determined in naive CD-1 nude
mice, tumor-bearing, or naive Balb/c mice. Nude mice (two per group)
received a dose of 107 pfu of RCN-gfp, and the indicated organs were
collected and titered at 6 hours, 72 hours, or 7 days after injection. Mice
with CT-26 tumors (10 days postimplantation) (two mice per group)
were injected, either iv. or i.t., with 10°® pfu of RCNV. Naive mice were
injected i.v. as a control. At either 6 or 72 hours after injection, the mice
were euthanized and the indicated organs were collected, homogenized,
and the viral titer contained in the lysate from each individual organ
determined using BGMK cells, as above.

In vivo tumor models
Primary tumor models: A single injection of 10° SW620 cells was given
subcutaneously to the right flank of nude mice or 3 x 10° CT-26 cells was
given subcutaneously to the right flank of Balb/c mice. The mice received
four intratumoral injections of RCN-gfp (107 pfu in 100 ul PBS) or 100 ul
of PBS on days 11, 14, 17, and 24. Tumors were measured (length and
width) using calipers beginning on day 11, until end point (when tumors
reached a maximum diameter of 15mm). At end point, the CT-26 tumors
were resected, homogenized and the RCNV viral titer determined on
BGMK cells.
Metastasis tumor models: 10° CT-26-LacZ cells were injected i.v. via tail
vein into Balb/c mice. Mice were treated with RCN-gfp, vMyxgfp, or VACV
(JX-594) (107 pfu in 100 ul PBS) i.v. on days 1, 3, and 8, and end point was
10 days (CT-26) postimplantation. Mice were anesthetized with Euthanyl,
and after a terminal bleed via cardiac puncture, lungs were excised and
stained with X-gal solution as previously described.” The number of
metastases on the surface of each lung lobe was determined after physical
separation of the lungs. They were counted under a dissecting microscope
(Leica, Richmond Hill, Ontario, Canada).
Syngeneic orthotopic glioma model: DBTFluc cells were trypsinized,
washed with PBS and suspended in PBS at 1 x 10° cells/10 ul. Mice were
kept under continuous 2.5% isoflurane anesthesia during intracranial
surgeries and IVIS imaging. Mice were affixed to a stereotactic frame, the
scalp was disinfected, and the skull exposed by midline scalpel incision.
Cells were injected 1.5mm lateral and 0.5mm anterior to the rostral
confluence of the sinus® at a depth of 3.5mm over 2 minutes. A fresh
batch of cells was used for every five mice.

Mice were imaged 4 days after surgery and divided into groups based
on positive tumor (Fluc) signal. Five days postimplantation, a group of
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five mice received an intracranial injection of 1 x 107 pfu RCN-gfp in
10 pl PBS (surgeries as above). Another group of five mice received 107 pfu
vMyxgfp, or 107 pfu JX-594 (TK" vaccinia virus) and three mice serving
as controls, received PBS. Animals were imaged at 3- to 4-day intervals
over 45 days. Mice reaching end point were killed and the brains stored
at —80°C for titration.

For detection of tumor (Fluc) activity, mice were injected intra-
peritoneally with 3mg beetle p-luciferin (Promega, Madison, WI) and
imaged 7 minutes later in the IVIS 200 apparatus (Xenogen, Hopkinton,
MA) with 1-minute exposure.

Statistical analysis. All statistical analyses were performed using the
GraphPad Prism 3.0 software (GraphPad Software, La Jolla, CA). Survival
curves were generated by the Kaplan-Meier method, and the log-rank test
was used to compare groups.

SUPPLEMENTARY MATERIAL

Figure S1. Representative microscopy of cell lines infected with
RCN-gfp.

Figure $2. RCNV treatment in CT-26 solid tumor and lung models.
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