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Oncolytic myxoma virus is effective in murine
models of triple negative breast cancer
despite poor rates of infection
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Oncolytic viruses are being heavily investigated as novel
methods to treat cancers; however, predicting their therapeutic
efficacy remains challenging. The most commonly used predic-
tive tests involve determining the in vitro susceptibility of a tu-
mor’s malignant cells to infection with an oncolytic agent.
Whether these tests are truly predictive of in vivo efficacy, how-
ever, remains unclear. Here we demonstrate that a recombi-
nant, oncolytic myxoma virus shows efficacy in two murine
models of triple negative breast cancer despite extremely low
permissivity of these models to viral infection. These data
demonstrate that in vitro infectivity studies are not an accurate
surrogate for therapeutic efficacy and suggest that other tests
need to be developed.

INTRODUCTION

A large body of literature demonstrates that oncolytic virotherapy
(OV) is effective in numerous murine tumor models." ™ This efficacy
frequently requires the infecting oncolytic agent to be replication
competent™
role in these therapies. Because of this, the first step of many OV studies
is to demonstrate the permissivity of the target malignancy to infection
with the oncolytic agent. However, a variety of non-replicative viral
vectors have also been shown to be effective as cancer therapeutics.” '°
Therefore, whether the replicative potential of oncolytic viruses truly
predict an agent’s in vivo efficacy remains controversial.'' "

demonstrating that in vivo replication plays a critical

Our lab focuses on the use of oncolytic myxoma virus (MYXV). This
virus is extremely promiscuous in vitro and has been shown to pro-
ductively infect a wide variety of cancer types, including glioblastoma,
lung adenocarcinoma, melanoma, ovarian cancer, colon cancer, gall
bladder cancer, osteosarcoma, renal cancer, and prostate can-
cer.>'*"'° However, it displays poor infectivity against triple negative
breast cancer (TNBC) cells.'® In the current work, we confirm that
murine TNBC cells are poorly permissive to infection with MYXV
in vitro but demonstrate that the virus remains therapeutically active
against these cancers in vivo.

RESULTS

Murine TNBC cells are poorly infectible with oncolytic MYXV

We have previously described a recombinant MYXV that expresses
both a soluble PD1 inhibitor and interleukin-12 (vPD1/IL12) and is
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highly active in a variety of tumor models.'* The efficacy of this virus
against TNBC, however, has not been tested. We therefore performed
a series of in vitro experiments to determine whether vPD1/IL12
could infect a panel of TNBC cells. The results demonstrated that
all three TNBC lines tested displayed extremely low rates of viral
infection (Figures 1A and 1B), produced significantly fewer infectious
particles (Figure 1C), and allowed for only minimal viral spread (Fig-
ure 1D) compared with permissive BSC40 cells. Additionally, while
infection with high MOIs could reduce the total number of cells in
TNBC cultures (Figure S1A), this appeared to be the result of virally
induced cytostasis and not acute cell killing since the membranes of
infected cells remained intact and their overall morphology was
largely unchanged (Figures SIB and S1C). Taken together, these
data suggest that TNBC cell lines are largely resistant to both infection
and killing by oncolytic MYXV.

vPD1/IL12 treatment delays tumor growth and improves survival
in murine models of TNBC

Although our previous results found that TNBC cells were largely
non-permissive to infection with vPD1/IL12, we still investigated
the efficacy of this virus against TNBC in vivo. Syngeneic mice
were implanted with EO771 cells and then treated with either saline
or three doses of 1 x 107 ffu of vPD1/IL12 delivered directly intra-
tumorally (IT) over 5 days (Figure 2A). Tumors were then
measured every other day and animals euthanized when tumors
reached 15 mm in any direction. Interestingly, despite poor
in vitro infectivity, vPD1/IL12-treated mice displayed significantly
delayed tumor growth (Figure 2B) and improved overall survival
(Figure 2C) compared with controls. Similar results were observed
in the spontaneously metastatic 4T1 model (Figure 3A) with
vPD1/IL12 therapy delaying primary tumor growth (Figure 3B),
improving overall survival (Figure 3C), and reducing metastatic tu-
mor burden in the lungs (Figures 3D and 3F). Taken together, these
results demonstrate that vPD1/IL12 is an effective therapeutic agent
against TNBC in vivo, despite extremely poor rates of infection
in vitro.
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Figure 1. TNBC cells are poorly infectible with a
recombinant myxoma virus in vitro

TNBC cell lines were infected with vPD1/IL12 at an MOI of
10. (A) Fluorescent images of infected cells at 48 h post-
infection. (B) Quantitation of the numbers of infected cells
from the cultures in (A). (C) Single-step growth curves
showing viral titer at indicated time points. (D) Quantification
of average foci size at indicated time points. Data are pre-
sented as mean + SEM and are pooled from two separate
experiments with two replicates each.
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Interestingly, in vitro infectability did not predict

the responsiveness of TNBC tumors to vPD1/
‘ IL12 treatment in vivo. This is most likely ex-
plained by the current oncolytic paradigm in
which the immune system plays a major role in
OV function. Indeed, our data, taken together
with the observation of cytostatic vs. cytolytic ac-
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Previous work has suggested that two human breast cancer cell lines
(MCF-7 and MDA-MB435), were non-permissive to MYXV infec-
tion due to having no detectable endogenous p-Akt.'® This finding
is consistent with our current observations that murine TNBC cell
lines are poorly permissive to MYXV infection. Interestingly, this
mechanism of restriction is unique to MYXV, although the closely
related poxvirus, vaccinia, has been shown to successfully infect hu-
man breast GI 101A cells in vitro."” The low levels of infection in
TNBC cells by MXYV might therefore be unique to this oncolytic
platform.

48 72
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tivity, the abscopal effect on the lungs, and litera-
ture supporting a role for the immune system in
OV efficacy indicate that vPD1/IL12 functions
through a systemic mechanism that does not
require high infection rates. Previous work on
other non-replicative viral therapeutics suggests
that this could be mediated by either the activation of pattern recog-
nition receptors in infected cells leading to the induction of an inter-
feron response® ' or through the section of vPD1/IL12’s encoded
transgenes (which occurs despite the poor rate of infection, Fig-
ure S2).” This would explain how the virus can show efficacy in vivo
despite poor infection in vitro.

MATERIALS AND METHODS

Cell lines and reagents

BSC40 (catalog no. BRL-2761), 4T1 (catalog no. CRL-2539), and
EO771 (catalog no. CRL-3461) cells were purchased from the
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Figure 3. vPD1/IL12 treatment decreases lung metastases and improves survival of mice bearing 4T1 tumors

(A) Schematic diagram of experimental procedure. Mice were injected orthotopically with 4T1 cells followed by IT injection of vPD1/IL12 every 2 days for a total of three
treatments. (B) Overall survival of mice implanted with 4T1 TNBC cells and treated with mock or vPD1/IL12. (C) Tumor sizes of mock- or vPD1/IL12-treated mice. Significance
was determined using log rank analysis (*p < 0.01). (D) Weights of animals as a percentage of weight at day 0. n = 10 mice per group. (E) Number of metastases per lung.
n = 5-8 mice per group. Data are presented as mean + SD. Significance was determined using Student’s t test (***p < 0.001). (F) Representative micrographs of H&E-stained

lungs.

American Type Culture Collection (Manassas, VA, USA). BT549 cells
were a kind gift from Dr Eric Prossnitz at the University of New
Mexico. BSC40 cells were cultured in DMEM + 10% fetal bovine
serum + 1x penicillin-streptomycin-L-glutamine (Mediatech, Mana-
ssas, VA, USA); EO771 cells were cultured in the same + 20 mM
HEPES (Gibco, Long Island, NY, USA). 4T1 cells were cultured in
RPMI-1640 + 10% fetal bovine serum + 1x penicillin-strepto-
mycin-L-glutamine (Mediatech); BT549 cells were cultured in the
same + 2.5 mg/mL insulin. All cells were passaged for less than
6 months prior to use.

Virus and infections

The oncolytic viral construct expressing the soluble ectodomain of
PD1 and IL-12 is described elsewhere.'* All in vitro assays were
carried about by adsorbing virus to cells for 30 min at room tem-
perature then removing viral inoculation media, washing twice
with PBS and once with complete media, and finally replacing
with new complete growth media. Single-step viral growth
curves and foci-forming assays were conducted as previously
described.'®"”

Animal models

All animal protocols were approved by the University of New
Mexico Health Sciences Center Institutional Animal Care and Use
Committee. All mice used in these studies were between 6 and
8 weeks of age. BALBc mice were implanted with 1 x 10° TNBC
cells in 50 puL PBS orthotopically into the fourth left mammary
fat pad. Once all tumors were ~25 mm?* (~8-10 days), 1 x 10’
ffu of vPDI1/IL12 in 30 pL PBS per mouse was injected IT on
days 0, 2, and 4. Tumor area was measured every 2 days using dig-
ital calipers and is presented as tumor area (mm?) determined using
the formula (area = length x width). Weights in grams were
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measured every 2 days by a digital scale. Euthanasia criteria was a
loss of >10% of body weight coupled with a decline in body con-
dition score. For lung analyses, mice were euthanized and lungs har-
vested on day 26. Lungs were embedded in paraffin, sectioned at
8 um and stained by H&E.
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