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Vesicular stomatitis virus (VSV) is an oncolytic virus which
selectively infects and kills cancer cells. The goal of the
present study was to determine whether VSV is capable of
targeting metastatic lesions that arise in situ in the trans-
genic adenocarcinoma of the mouse prostate (TRAMP)
model. The interferon (IFN)-responsive luciferase contain-
ing VSV(AV3) strain was injected intraprostatically into
both control and TRAMP mice. Distribution, infectivity,
apoptosis, and status of the IFN response were evaluated
at the site of viral injection (prostate), as well as in meta-
static lesions (lymph nodes), through plaque, polymerase
chain reaction (PCR), and immunohistochemical analysis.
Bioluminescence analyses demonstrated that VSV(AV3)
persisted at high levels in the prostate region of TRAMP
mice for up to 96 hours, but at relatively low levels and for
only 48 hours in control mice. Live virus was discovered in
the lymph nodes of TRAMP mice, but not in control mice.
TUNEL staining revealed increased cell death in VSV(AV3)
infected metastatic cells present in the lymph nodes of
TRAMP mice. There was an evidence of IFN activation in
lymph nodes containing metastatic cells. Our results indi-
cate that intraprostatic injections of VSV(AV3) can be used
as a means to infect and kill metastatic lesions associated
with advanced prostate cancer.
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INTRODUCTION
Metastatic prostate cancer is the second leading cause of cancer-
related death in North American men.' Currently, the therapeutic
options available for treatment of advanced, metastatic prostate
cancer are limited to androgen-ablation therapy followed by che-
motherapy, both of which are designed to extend the life expec-
tancy of patients. However, neither treatment is curative; hence,
there is a clear need for development of new and more effective
therapies for controlling advanced prostate cancer.>”

In the last decade, oncolytic virotherapy, using either naturally
occurring or genetically engineered viruses, has been explored
in the context of an alternative treatment for several cancers.®®

Oncolytic viruses have several features that make them ideal
anti-cancer therapeutics. They are self-replicating, generally very
efficient at entering cells, and capable of indiscriminately killing
cancer cells in a tumor mass through cell lysis as well as immune-
mediated mechanisms. The self-replication aspect allows ampli-
fication in the host cell and hence raises the effective “dose”
level achievable. Also, there is virtually no cross-resistance with
hormone or drug resistance mechanisms. Oncolytic viruses are
generally able to target and kill malignant cells through specific
intrinsic differences between malignant and normal cells.”"! Due
to its anatomical location, the prostate gland is a particularly good
candidate for oncolytic virotherapy because it allows for direct
intratumoral injection (via trans-rectal or trans-urethral routes).

Vesicular stomatitis virus (VSV) is a negative strand RNA onc-
olytic virus that preferentially replicates in malignant cells which
have an incapacitated or dysfunctional interferon (IFN) response.
IFN induced genes are involved in the pathogenesis of pros-
tate cancer with downregulation of IFN response genes seen in
approximately 30% of clinical samples.'>"* VSV’s matrix M-protein
is involved in the cytopathic effects of the virus, which lead to
rapid apoptosis in an infected cell. Deletion of the methionine at
position 51 of the viral M-protein makes the virus (referred to
as VSV(AV3)) more susceptible to a host cell’s antiviral response,
allowing the virus to preferentially infect and kill malignant cells
which frequently have a defective IFN response.'*'*

Previously, we reported that intraprostatic injection of
VSV(AV3) into prostate-specific PTEN™" transgenic mice led to
selective infection and oncolysis of malignant prostate cells while
sparing normal prostate tissue.'® Although the prostate-specific
PTEN™" transgenic mouse model produces invasive carcinoma,
typically the incidence of metastatic lesions is low. Hence, to study
the effects of VSV(AV3) in advanced metastatic prostate cancer,
the immunocompetent transgenic adenocarcinoma of the mouse
prostate (TRAMP) model was used. The main advantages of using
the TRAMP model is that it follows a pattern of prostate cancer
progression similar to that which is seen in the clinical disease and
that it develops reproducible metastatic lesions."” Consequently,
by 24 weeks of age, virtually 100% of mice exhibit poorly differ-
entiated and invasive tumors, with metastasis observed predomi-
nantly in the lumbar lymph nodes.'®"
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Figure 1 Cytotoxicity of VSV(AV3) and the IFN response in TRAMP-
C2 cells. (@) TRAMP-C2 cells were infected with VSV(AV3) at viral titers
ranging from 0-100 pfu/cell. MTS assays were performed at 48 hours
after viral infection. (b) TRAMP-C2 cells were preincubated with increas-
ing concentrations of IFN (0-100,000 IU/ml) for 16 hours and then chal-
lenged with VSV(AV3) at an MOI of 0.01 for 48 hours. Control represents
untreated cells. Each point is the mean + SD (n = 4) of three independent
experiments with a minimum of four replicates each. IFN, interferon; MOI,
multiplicity of infection; pfu, plaque-forming unit; TRAMP, transgenic ade-
nocarcinoma of the mouse prostate; VSV, vesicular stomatitis virus.

The aim of the present study was to determine the early dynam-
ics of infection and viral distribution during the initial days follow-
ing intraprostatic injections of VSV(AV3) into TRAMP mice. We
found that VSV(AV3) rapidly accumulates in the lymph nodes and
lungs of TRAMP mice, but not in comparable tissues of control
mice. Furthermore, after 72 hours, there is another round of viral
replication and amplification in the prostate as well as increased
apoptotic activity in the lymph nodes of TRAMP mice. Our results
indicate that VSV is able to selectively target and kill metastatic
prostate cancer cells in an immunocompetent host and may pro-
vide an alternative non-cross resistant treatment for dealing with
castration and drug resistant disease.

RESULTS

Cytopathic effect of VSV(AV3) on TRAMP-C2 cells

To determine whether VSV(AV3) is capable of infecting TRAMP
tumor cells, the TRAMP-C2 cell line was infected with increasing
titers of virus over a 48-hour period. The TRAMP-C2 cell line is
derived from a heterogeneous prostate of a 32-week-old TRAMP
mouse.”” Cell viability, measured via MTS assay, indicated that
there was a direct relationship between cell death and increasing
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Figure 2 In vivo bioluminescence after intraprostatic injection of
VSV(AV3). TRAMP and control mice were intraprostatically injected with
100pl of 5 x 108 pfu/ml of VSV(AV3). (a) Visual representation of viral
distribution, tracked by i.p. injections of luciferin over a 3-96 hours time
period. UVI (UV-inactivated virus) was used as control. (b) Bioluminescence
in the prostate regions of control and TRAMP mice were averaged and are
presented as mean + SEM (n = 3). TRAMP, transgenic adenocarcinoma of
the mouse prostate; VSV, vesicular stomatitis virus.

viral titer, with a 55% decrease in cell viability seen as the viral
multiplicity of infection increased from 0 to 0.1 plaque-forming
unit (pfu)/cell. These results demonstrate that TRAMP tumor cells
are susceptible to VSV(AV3) infection and oncolysis (Figure 1a).

The AV3 strain of VSV is particularly sensitive to IFN."*'* To
determine the status of the IFN response, TRAMP-C2 cells were
preincubated with increasing doses of type I universal IFN for 16
hours and were then challenged with 0.1 pfu/cell of VSV(AV3).
The results indicated that the IFN response pathway is not com-
pletely disrupted in TRAMP-C2 cells, because the mean cell via-
bility increased by 26% in cells that were pretreated with 10,000
IU/ml of universal type I IEN (Figure 1b).

Viral distribution after intraprostatic injection of
VSV(AV3) into TRAMP mice

In vivo studies were conducted to compare VSV(AV3) distribu-
tion in tumor-bearing TRAMP mice and in control nontrans-
genic mice. The prostates of both TRAMP and control mice were
injected with 100 ul of 5 x 10° pfu/ml VSV(AV3). Viral distribu-
tion in both cohorts of mice was monitored over a 96-hour period
by i.p. injection of luciferin and visualization using the IVIS100
system (Figure 2a).
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Figure 3 Tissue distribution of replication competent virus.
(a) TRAMP and (b) control mice were injected with 100l of 5 x 10® pfu/
ml of VSV(AV3). Mice were killed at 24, 48, 72, and 96 hours after viral
injection. Prostate, lymph, lung, spleen, kidney, and liver tissues were
harvested at each time point. Organs were snap frozen and then plaque
assays were performed. Results are presented as mean pfu/g = SEM (n =
3). pfu, plaque-forming unit; TRAMP, transgenic adenocarcinoma of the
mouse prostate; UV-inactivated virus; VSV, vesicular stomatitis virus.

Bioluminescence intensity was shown to be much higher in
the prostate region of the TRAMP tumor-bearing mice as com-
pared with controls (Figure 2b). The strongest signal was seen at
24 hours after viral inoculation with the bioluminescence level
detected in the prostate region >75-fold higher in TRAMP mice
than in control mice. In addition, the bioluminescence was main-
tained at higher levels in TRAMP prostates over a much longer
period than in controls. For example, in control mice, the detected
signal in the prostate region was diminished by 90% after 48 hours
and only traces amounts of signal was seen at 72 hours after viral
injection. By comparison, in TRAMP mice there was only a 35%
reduction between 48 hours and 72 hours after viral inoculation.
At 72 hours, bioluminescence was >275-fold higher in TRAMP
prostates compared with controls, indicating that VSV(AV3) was
retained and amplified to higher concentrations in TRAMP pros-
tates for at least 72 hours after viral infection. By 96 hours, there
was no detectable bioluminescence observed in the prostates of
control mice, whereas there was a 266% increase in biolumines-
cence seen in TRAMP mice prostates compared with the 72 hours
time point, indicating a subsequent increase in the amount of
virus.
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Presence of live virus in organs of TRAMP mice

To evaluate whether the bioluminescent data correlated with the
presence of live virus, both TRAMP and control mice were killed
at 24, 48, 72, and 96 hours following treatment with VSV(AV3)
and various organs (kidney, liver, lung, lymph, prostate, and
spleen) were harvested and snap-frozen. Equal amounts of tissue
were homogenized and plaque assays were performed to quantify
viral delivery and replication (Figure 3).

In TRAMP mice (Figure 3a), a substantial amount of live
virus (160.0 + 5.8 pfu/g) was observed in the prostate tumors at
24 hours after viral injection. The amount of live virus decreased
over time, such that by 48 and 72 hours, there were approximately
138.0 + 1.5 pfu/g and 48.7 + 17.9 pfu/g respectively. However, at
96 hours, there was an increase in viral load to 520.0 + 60.8 pfu/g,
indicating a tenfold amplification in viral replication.

A similar trend was observed with the amount of live virus
found in lymph nodes and lung tissue from TRAMP mice. In
lymph nodes, there was approximately 90.0 + 0.15 pfu/g seen at 24
hours after intraprostatic injection of VSV(AV3), with the amount
of live virus increasing to 170.0 + 0.06 pfu/g by 48 hours. However,
the amount of virus significantly dropped (p < 0.05) by 72 hours
after infection to 10.0 + 1.4 pfu/g, but increased at 96 hours to 80.0
+ 12.1 pfu/g, suggesting another round of viral replication and
amplification had occurred in the lymph nodes of these mice.

Lung tissue from TRAMP mice showed the same trend in viral
titers as seen with the lymph nodes. At 24 hours after intrapros-
tatic injection of VSV(AV3), 73.3 + 15.3 pfu/g was seen, with the
number increasing to 123.3 + 25.2 pfu/g by 48 hours, but decreas-
ing to 12.5 + 3.5 pfu/g by 72 hours and once again increasing to
48.0 + 83.7 pfu/g at 96 hours. The amount of live viral particles in
the lungs was not statistically different (p > 0.05) from that mea-
sured in the lymph nodes at all corresponding time points. In the
liver, kidney, and spleen, there was no significant amount of virus
detected at any time (p > 0.05), suggesting that these organs were
not readily infected or able to support viral replication.

In control mice (Figure 3b), VSV(AV3) was mainly present
at the prostate injection site (131.0 = 37.3 pfu/g), with a small
amount detected in the spleen (5.3 + 0.58 pfu/g) at 24 hours after
viral injection. This initial concentration of live virus was reduced
in these prostates by almost 90% (15.3 + 4.8 pfu/g) by 48 hours
and undetectable by 72 hours after infection. In the spleen there
was no virus detected after 24 hours. Also, there was no virus
detected in the lymph, lung, liver, and kidney tissues of control
mice.

Presence and distribution of VSV(AV3) in prostate
and lymph nodes

The presence and distribution of VSV(AV3) in both prostate and
lymph node tissues of TRAMP mice were analyzed by immu-
nohistochemistry for viral antigens and scored by a pathologist
(L.E). Although anti-VSV staining in the prostates of control
mice was positive at 24 hours after VSV(AV3) injection, the
intensity of staining lessened over time to nearly undetectable
levels by 72 hours (Figure 4a). By comparison, anti- VSV staining
intensity in the prostates of TRAMP mice gradually increased in
a time-dependent manner, with strong staining intensity by 24
hours, which then decreased by 48 hours. However, by the 96
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Figure 4 Immunohistochemical analysis for the presence of
VSV(AV3). The presence of VSV was established by immunohistochemi-
cal staining of (a) prostate and (b) lymph nodes from TRAMP and control
mice using an anti-VSV antibody. Representative slides were prepared
and visualized at 40x magnification. Results were scored by a pathologist
(n = 3). TRAMP, transgenic adenocarcinoma of the mouse prostate; VSV,
vesicular stomatitis virus.

hours time point, anti-VSV staining was at its highest level, a
pattern analogous to that seen in the plaque assays.

Immunohistochemical analysis of lymph nodes, the primary
metastatic site in TRAMP mice, revealed a different staining
pattern for VSV (Figure 4b). In control mice, anti-VSV stain-
ing was not observed at any time point, whereas strong staining
was observed in the enlarged lymph nodes from tumor-bearing
TRAMP mice. The intensity of VSV staining increased over time
with the maximum staining observed at the 48 hours time point,
indicating the presence of VSV(AV3) in metastatic cells present in
the TRAMP lymph nodes.

VSV(AV3) treatment leads to apoptotic cell death in
TRAMP lymph nodes

Previously, we demonstrated that intraprostatic infection
of VSV(AV3) leads to cancer-specific cell death in prostates
of tumor-bearing PTEN™" mice.’* To determine whether
VSV(AV3) is capable of destroying metastatic malignant cells
after it finds and infects them, TUNEL analysis was performed
on the enlarged lymph nodes of TRAMP mice and compared
with controls (Figure 5a,b). Our results indicate that after
intraprostatic injection of VSV(AV3), there was a substantial
increase in cell death observed in the pelvic lymph nodes of
TRAMP mice compared with lymph nodes from control mice.
In the TRAMP lymph nodes, there was a significant increase (p
<0.05) in cell death observed at 24 hours after viral injection (75
+ 10 mean apoptotic cells) compared with that seen in lymph
nodes from TRAMP mice treated with UV-inactivated virus (22
+ 7 mean apoptotic cells). However, there was no significant (p
>0.05) change in apoptotic cell death observed at 48 hours (91
+ 7 mean apoptotic cells) compared with either 24 or 72 hours
(93 + 10 mean apoptotic cells). In lymph nodes from control
mice, there was no significant change in apoptosis observed in
UV-inactivated (6 + 7 mean apoptotic cells) treated mice com-
pared with those treated with live VSV(AV3) for 24 hours (14 +
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Figure 5 TUNEL analysis of apoptotic cell death in the lymph nodes
of tumor-bearing TRAMP and control mice. (a) Paraffin-embedded
lymph node tissues from TRAMP and control mice were stained with
TUNEL, and visualized at 40x magnification. (b) Apoptotic cells were
counted in 10 fields of view and presented as mean apoptotic cells + SD.
TRAMP, transgenic adenocarcinoma of the mouse prostate.

12 mean apoptotic cells), indicating that virus-driven cell death
only occurred in tumor-bearing animals.

Status of IFN pathway after intraprostatic injection of
VSV(AV3)

As VSV(AV3) infection leads to activation of a type I IFN
response,'>?! the status of IFN activity in the prostates and meta-
static lumbar lymph nodes of TRAMP mice was assessed. Prostates
and lymph nodes were extracted from control and TRAMP mice
treated with VSV(AV3) over a 72 hours time period. Tissues were
stained with IFN response factor-7 (IRF-7), because activation of
IRF-7 has been shown to be an indicator synonymous with IFN
type I activity.>"* Immunohistochemical staining of control pros-
tate tissues showed an extensive increase in the intensity of IRF-7
staining after VSV (AV3) injection, implying activation of a type I
IEN response (Figure 6a). However, in the prostates of TRAMP
mice treated with VSV(AV3), no IRF-7 staining was seen, indicat-
ing that the type I IFN pathway was not activated.

Message RNA transcript levels for IFN-a in the prostates from
VSV(AV3)-infected TRAMP and control mice were determined
and compared by quantitative real-time polymerase chain reac-
tion (PCR) analysis. Our results (Figure 6b) demonstrated that
there was a >500-fold increase in IFN-a mRNA levels 48 hours
after intraprostatic injection of VSV(AV3) into the control pros-
tates. By comparison, there was only about a 30-fold increase in
IFN-a mRNA levels in TRAMP prostates at that time, indicating a
much reduced and almost negligible IFN response.

Immunohistochemical staining of lymph nodes derived from
control mice demonstrated a slight increase in IRF-7 staining inten-
sity by 24 hours after viral injection (Figure 6¢). These data were sup-
ported by a >20-fold elevation of IFN-a mRNA levels seen in control
lymph nodes 24 hours after intraprostate injection with VSV(AV3)
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Figure 6 Analysis of IRF-7 and IFN-o. expression in prostates and lymph nodesof control and TRAMP mice. (a) Paraffin-embedded prostate
tissues were stained with anti-IRF-7 antibody. Representative slides were prepared and visualized at 40x magnification. Results were scored by a
pathologist (n = 3). (b) IFN-o. mRNA levels in the prostates of control and TRAMP mice were compared after VSV(AV3) injection. UVI is UV-inactivated
control virus. IFN-o. mRNA levels were first normalized to rRNA level (AC, = C, . - C, ). The results were expressed as mean relative quantification =
2-AA“T, £ D (n = 3). () Paraffin-embedded lymph nodes were stained with IRF-7. Representative slides were prepared and visualized at 40x magnifica-
tion. Results were scored by a pathologist (n = 3). (d) IFN-oo mRNA levels in lymph nodes of control and TRAMP mice were compared after VSV(AV3)
injection. UVI is UV-inactivated control virus. IFN-o. mRNA levels were first normalized to rRNA level (AC, = C, ., — C, ). The results were expressed
as mean relative quantification = 2-AAT, £SD (n = 3). IFN, interferon; IRF-7, interferon response factor-7; TRAMP, transgenic adenocarcinoma of the

mouse prostate; VSV, vesicular stomatitis virus.

(Figure 6d). However, there was a substantially greater increase in
IRF-7 staining intensity in the enlarged lymph nodes derived from
TRAMP mice seen by 48 hours following viral administration.
Similarly, there was over a 200-fold increase in IFN-a mRNA tran-
script levels by 48 hours in TRAMP derived lymph nodes. These data
demonstrate that intraprostatic administration of VSV(AV3) can
trigger an IFN response in lymph node tissue from TRAMP mice.

DISCUSSION

Taxane chemotherapeutic agents, such as docetaxel, are the main
forms of treatment for metastatic, castration-resistant prostate
cancers.”* However, due to the emergence of drug resistant cells,
this line of treatment is largely palliative and not curative.*** Drug
and hormone resistance can occur in a variety of ways including epi-
genetic or mutational alterations.” To successfully overcome these
numerous molecular-resistance mechanisms, an entirely new class of
non cross-resistant treatments is required. Recently, oncolytic viruses
have been tested in phase I clinical trials as a possible treatment
modality for prostate cancer.>** Oncolytic viruses can intrinsically
kill malignant cells while sparing normal healthy cells. These viruses
influence the host cell through activation of gene products that
enable manipulation of apoptotic pathways and ultimately activation
of the host’s immune response.'* Coincidentally, viruses use many of
the same biological pathways that are deregulated during the process
of tumor progression.* For example, several studies have shown that
most cancer cells, including prostate cancer cells, have a defective
IFN response.”>'** VSV is an oncolytic virus that exploits defective
IFN pathways for selective infection and destruction of tumor cells.
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Previously, we demonstrated that VSV(AV3) is capable of
selectively targeting and killing IFN-defective prostate cancer
cells in vivo.' In the present study, we explored the possibility of
using VSV(AV3) for targeted killing of metastatic prostate can-
cer using the well-established TRAMP mouse model. To demon-
strate that VSV(AV3) is able to infect TRAMP mouse tumor cells,
TRAMP-C2 cells were infected with increasing viral titers. It was
evident from MTS cell viability analysis that there was a direct cor-
relation between increasing viral titer and decreased cell survival
(Figure 1a), indicating that the prostate tumor cells from TRAMP
mice are susceptible to VSV(AV3) infection. As VSV(AV3) infec-
tion exploits a defective IFN antiviral pathway, TRAMP-C2 cells
were pretreated with increasing doses of universal type I IFN
before treatment with VSV(AV3) to determine the status of the
IFN response. Interestingly, we found that increasing doses of
IFN rescued the TRAMP-C2 cells from cell death induced by this
virus. This finding suggests that the IFN response is not fully non-
functional in TRAMP-C2 cells (Figure 1b). It has been previously
shown that some prostate tumors, such as the PC-3 xenograft
model, are more resistant to VSV infection.”” From this, it was
concluded that the presence of IFN bioactivity reduced the onco-
lytic activity of VSV in these tumors. Furthermore, it was reported
that advanced metastatic PC-3 cell lines required a higher dose of
VSV compared with LNCaP prostate cancer cells for infection.?”
In a similar fashion, it is likely that TRAMP-C2 cells also require
higher doses of VSV for efficient infection. Also, the production
and escape of VSV progeny from the surface of the infected cell
may be compromised, as was seen in PC-3 cells.*® Alternatively,
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TRAMP-C2 cells may be unable to produce IFN due to faulty IFN
production pathways. However, from our results it is evident that
they are still able to use IFN to launch secondary IFN pathways to
protect themselves from further viral infection.

Bioluminescence results obtained after intraprostatic adminis-
tration of VSV(AV3) demonstrated much higher levels of virus in
the prostate region of tumor-bearing TRAMP mice compared with
controls (Figure 2). These data were corroborated by immunohis-
tochemical staining for VSV, which clearly showed a higher inten-
sity of VSV staining in the TRAMP tumor-bearing prostates relative
to controls (Figure 4a). With respect to live viral progeny, plaque
assays revealed a significant increase in viral titer 24 hours after
virus administration to the prostates of TRAMP mice (Figure 3).
These results agree with our previous work using PTEN™" trans-
genic mice, where comparable higher bioluminescence and viral
amplification were seen in prostate tumors compared with nor-
mal controls.'® Although there have been some reports mention-
ing possible central nervous system toxicity with wild-type VSV in
immunocompromised mice,** we did not observe any symptoms
of neurotoxicity in immunocompetent animals treated with our
highly IFN-sensitive VSV (AV3) strain of virus.

The amount of live virus seen in plaque assays of lymph node
and lung tissues from TRAMP mice was similar in magnitude
(Figure 3a). Both of these tissues have previously been implicated
as key locations for growth of metastatic lesions in the TRAMP
model.*! The intensity of VSV staining in the enlarged lymph nodes
extracted from TRAMP mice was extremely high relative to lymph
nodes obtained from virally infected control mice (Figure 4b). In
addition, TUNEL analysis on lymph nodes taken from both control
and TRAMP mice after VSV(AV3) infection demonstrated a sub-
stantially higher increase in apoptotic cell count in tumor-bearing
mice (Figure 5). Most metastatic tumors in viral infected TRAMP
mice were undergoing considerably higher cell death rates com-
pared with those infected with UV-inactivated virus. These results
indicate that VSV(AV3) can target and kill metastatic prostate can-
cer cells found in the lymph nodes of TRAMP mice.

As VSV infection is enabled in cells with a defective IFN
response, the status of the IFN response pathway was investigated
in both prostate and lymph nodes derived from TRAMP mice.
IRE-7 plays a key role in overall transcription of IFN-a/p by alert-
ing neighboring cells to activate their innate immune response and
to elevate their antiviral status.”? Immunohistochemical analysis
of prostates from TRAMP mice showed that IRF-7 was not pro-
duced after VSV infection (Figure 6a). However, in prostates from
control mice, there was a prominent increase in IRF-7 staining
intensity upon viral infection. Also, by 48 hours, there was a ten-
fold rise in IFN-a mRNA levels in control prostates treated with
virus, but almost no change in the TRAMP prostates (Figure 6b).
By comparison, an increase in IRF-7 levels was observed in lymph
nodes derived from TRAMP mice (Figure 6¢). These results were
substantiated by an increase in IFN-a mRNA levels in the TRAMP
derived metastatic lymph nodes (Figure 6d). As lymph nodes are
largely comprised of lymphocytes,'® the presence of high levels of
VSV in TRAMP lymph nodes could potentially lead to hyper-ac-
tivation of an IFN response in the resident nonmalignant lympho-
cytes. In contrast, there was no remarkable change in either IRF-7
protein or IFN-a mRNA levels in lymph nodes from control mice.
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This was presumably due to the absence of a sustainable, systemic
viral infection of control mice (Figures 3 and 4).

In conclusion, this study is the first to show the efficacy of
intraprostatic injection of VSV(AV3) for targeting and killing
metastatic lesions in an immunocompetent host. The proof of
principle presented here sets the stage for further investigation
of VSV(AV3) as an oncolytic agent for treatment of advanced,
metastatic prostate cancer in patients, particularly for those with a
malignant phenotype that is castration and drug resistant.

MATERIALS AND METHODS

Tissue culture. TRAMP-C2 cells were purchased from the American Type
Culture Collection and maintained in DMEM (Invitrogen, Burlington,
Ontario, Canada). Medium was supplemented with 0.005mg/ml bovine
insulin (Sigma, Oakville, Ontario, Canada), 10 nmol/l dehydroisoandros-
terone (Sigma), 5% Nu-Serum IV (BD-bioscience, Mississauga, Ontario,
Canada) and 5% fetal bovine serum (Invitrogen).

Virus propagation. VSV(AV3), a recombinant IFN-inducing mutant of
the Indiana serotype, was propagated in Vero cells. VSV(AV3) was con-
structed to express the GFP-firefly luciferase fusion gene as previously
described.” Virons were collected and purified as previously described;*
pfu were counted and used for calculating infectious titers.'>*>*

TRAMP model. TRAMP mice hemizygous for the ARR BP (rat probasin
derived gene promoter)-SV40Tag transgenes maintained in a pure C57BL/6
background were purchased from Jackson Laboratories (Bar Harbor, ME).
C57BL/6 TRAMP mice were bred in house with an inbred strain of FVB
mice (Jackson Laboratories). To confirm the presence of the transgene in
male mice, genomic DNA was removed from tail clips of F1 male progeny
from C57BL/6 TRAMP x FVB cross and tested using PCR (MBCx7F:5’-
GAT-GTG-CTC-CAG-GCT-AAA-GTT-3’,MBCx7R:5"-AGA-
AAC-GGA-ATG-TTG-TGG-AGT-3, Pb-1F:5-CCG-GTC-GAC-CGG-
AAG-CTT-CCA-CAA-GTG-CAT-TTA-3’, and SV40TagR: 5'-CTC-CTT-
TCA-AGA-CCT-AGA-AGG-TCC-A-3") primers. For this study, all mice
used were 25 weeks of age.

In vivo studies. A small incision was made in the abdomen of 25-week-old
TRAMP male mice and 100l of VSV(AV3) at 5 x 10° pfu/ml was deliv-
ered by intraprostatic injection. For quantification of viral uptake and dis-
tribution, animals were injected through the intraperitoneal (i.p.) route with
150 mg/kg luciferin at 3, 6, 24, 48, 72, and 96 hours after viral inoculation and
imaged with an IVIS100 Imaging System (Caliper Life Sciences, Xenogen,
Hopkinton, MA). Data were analyzed using Living Image 2.50 (Caliper Life
Sciences) software. At least four mice per group were used and then killed at
the indicated time points. Organs (kidney, liver, lung, prostate, and spleen)
were extracted and then either fixed in 10% buffered formalin and paraffin-
embedded or snap-frozen in liquid nitrogen. Animal procedures were per-
formed according to the Canadian Council on Animal Care guidelines.

Titration of VSV from infected tissue. Tissues were removed at the indicated
time points and approximately equal amounts of tissues were weighed and
homogenized in 1ml phosphate-buffered saline using a Polytron homog-
enizer. Serial dilutions were prepared in serum free media and added to
confluent Vero cells for 60 minutes. Cells were subsequently overlaid with
1% methyl cellulose (Sigma) and plaques were grown for 72 hours. Infected
Vero cells were then fixed in 4% formaldehyde and stained with crystal vio-
let. Plaques were counted by visual inspection and titers were calculated as
pfu/ml.**

Immunohistochemical staining. Five micrometer sections were prepared
from paraffin-embedded tissues and extracted from paraffin, as described
previously.* TUNEL (Terminal deoxynucleotidyl transferase dUTP nick
end labeling) assays were performed according to the manufacturers
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instructions (ROCHE, Mississauga, Ontario, Canada). Tissues were stained
with primary antibody to IRF-7 (Abcam, Cambridge, MA) and VSV (from
Dr. John Bell) at 1:75 and 1:500 dilutions, respectively. All sections were
reviewed by a pathologist (L. Fazli).

Quantitative real-time PCR. Total RNA from mouse tissue was isolated
using the Trizol method (Invitrogen), and was reverse transcribed and
amplified with IFN-a primers®” on an Applied Biosystems (Carlsbad,
CA) 7900HT Fast Real-time PCR System following the SYBR Green PCR
Master Mix protocol. Relative quantification of gene expression was per-
formed using ribosomal RNA as control.”

In vitro cell proliferation assay. TRAMP-C2 cells (1 x 10*) were plated
into each well of a 96-well plate. Cells were grown for 48 hours, stimu-
lated with universal type I IFN (PBL Biomedical Laboratories, Piscataway
Township, NJ) for 16 hours and then challenged with VSV(AV3) at a mul-
tiplicity of infection of 1.0 pfu/cell. MTS[3-(4,5-dimethylthiaol-2-y1)5-(3-
carboxymethoxyphenyl)-2-(4-sulphophenyl)-2H-tetrazolium (250 pg/ml)
inner salt] (Promega, Madison, WI) and 20 pg of PMS (Gibco, Burlington,
Ontario, Canada) solutions were mixed together and added to each well for
2 hours. Colorimetric analysis was carried out using an ELISA plate reader
at an absorbance of 490 nm.*

Statistical analysis. Student’s t test was used to assess statistical signifi-
cance between groups. To measure statistical differences between mouse
stained tissues, the nonparametric Wilcoxon rank test was used, as there
was no assumption of a normal distribution of scores.
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