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Figure 5. PVSRIPO immunotherapy induces type-I IFN dominant inflammatory responses in the TME. Mock (A—C) and PVSRIPO-treated (D-F)
brains (day 8) were stained for CD45, Ki-67 and PD-L1 as shown. (G) Volcano plots depicting differentially expressed genes 2- and 6 days post
PVSRIPO (log, fold change cutoff = 2.0; adjusted P-value cut off = .05). (H) GSEA Hallmark genesets altered by PVSRIPO therapy over time, ranked
by normalized enrichment score (NES). Only significant (false discovery rate-adjusted) genesets with NES>1.8 are shown.
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Figure 6.

PVSRIPO combination with PD-L1 ICB yielded long-term remission in CT2AMP'5 glioma in a CD8*T cell-dependent manner. (A)

hCD155-tg mice were immunized against PV, implanted with CT2AP'%%, and treated with PVSRIPO/mock combined with anti-PD-L1 or isotype
control (250 pg per dose) as shown. Mice in remission were re-challenged with 10° CT2ANP5 cells in the contralateral hemisphere (day 65) in
parallel with age-matched treatment-naive mice as controls (n=5). P-values are from Mantel-Cox log-rank test, two tailed. (B) CD8*T cell deple-

tion eliminated PVSRIPO + anti-PD-L1 and anti-PD-L1 therapy.

Combination of PVSRIPO With PD1:PD-L.1 ICB
Improves Long-term Antitumor Efficacy in a
CD8T Cell-Dependent Manner

Robust type-l IFN-dominant antiviral inflammation/PD-L1
induction against the backdrop of a profoundly engaged
myeloid infiltrate, suggests that PVSRIPO’s antitumor
effects could be buttressed with PD1:PD-L1 ICB. We as-
sessed antitumor efficacy of PVSRIPO combined with
a-PD-L1 (Figure 6A) or a-PD1 (Supplementary Figure 11).To
mimic the clinical scenario with near-universal preexisting
anti-PV immunity and a PV vaccine boost,® and to eval-
uate if preexisting immunity precludes therapy, mice were
immunized against PV 47 and 32 days prior to CT2ARCD155
implantation (Figure 6A). CT2AMCP155 tymor-bearing mice
were treated with mock/PVSRIPO followed by a-PD-L1 or
isotype-matched control antibodies as shown. Combining
PVSRIPO with a-PD-L1 had a minor effect on median sur-
vival (24 days vs. 19 days for the mock + IgG group), but
a significant effect on overall survival (OS) with 36% com-
plete remission at day 60 (Figure 6A). PVSRIPO + a-PD-L1
therapy-induced remission was resistant to contralateral
rechallenge with CT2A (Figure 6A), which was lethal in age-
matched, treatment-naive control mice. OS extension by
PVSRIPO + a-PD-L1 was eliminated upon CD8*T cell deple-
tion (Figure 6B).

Discussion

From their inception,?® viral anti-glioma strategies were
predicated on a concept of viral cyto-toxicity in neo-
plastic cells, based on robust viral growth in in vitro tumor

models. In this context, CNS resident innate immune cells
often were deemed an obstacle to therapy due to their role
in clearing viral agents administered intratumorally.?®

PVSRIPO, by virtue of widespread upregulation of
CD155 in malignancy,®® including malignant glioma,?3
infects and damages cancerous cells via innate antiviral
IFN responses®? and cytotoxic viral proteins in vitro.3334
Yet, studies in ex vivo GBM slices, a clinically relevant
model with authentic cellular heterogeneity, show that ne-
oplastic cells are not the main target for its biological ac-
tivities."® Our studies in IC mouse tumor models confirm
that PVSRIPO mainly provokes responses in the GAMM
and CNS innate myeloid compartments in vivo, unleashing
type-l IFN dominant engagement of the glioma immune
infiltrate. This reverberates with PV’s natural cell type-
specificity for migratory/lymphoid DCs and macrophages.®

PVSRIPO therapy of IC mouse tumors caused drastic
antitumor effects, for example, reduced Ki67+* cells in the
tumor bed, discohesive architecture, and a decline in cell
cycle-related gene expression. Absent virus/VRNA ac-
cumulation in the tumor all but excludes the possibility
of direct viral cell killing to account for this. This is con-
sistent with effective PVSRIPO therapy of hCD155-tg hosts
(implying PVSRIPO targeting of myeloid cells) occurring
with hCD155- tumor implants.' Indeed, CD8*T cell deple-
tion indicates that PVSRIPO-instigated antitumor effects
are immune mediated. Yet, we cannot rule out a role for
viral infection and cytopathogenic damage to malignant
cells in the antitumor effect, even if it is sub-lethal and
nonproductive.

The main histological finding after PVSRIPO was marked,
diffuse microglia activation. Microglia are the bulwark of
the CNS antiviral defense.?®Viral encephalitis, for example,
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the syndromes modeled in mice with rhabdo- (vesicular
stomatitis virus),?® flavi- (eg, West Nile virus),®® or neuro-
tropic coronaviruses,® share common features implicated
in microglia activation.?® They each infect neurons and in-
flict neuronal damage; they infect and damage astro- and/
or oligodendrocytes; they induce peripheral monocytic
infiltration in the CNS. Microglia activation occurs focally,
adjacent to these events.®® PVSRIPO CNS infection lacks
all these triggers. PVSRIPO is devoid of cytopathogenic
potential in neurons,®® and is nonneuropathogenic in hu-
mans,® nonhuman primates,'® and hCD155-tg mice.*® PVs
do not infect astro-/oligodendrocytes. IC PVSRIPO did not
induce peripheral monocyte infiltration beyond the needle
track. Thus, PVSRIPO may induce microglia activation via
means that are not related to CNS damage.

Unambiguously identifying microglia in the virus-
infected CNS is difficult, especially differentiating microglia
from Iba1l* CaM or infiltrating monocytes.®® Tmem119
staining of cells with morphological features of activated
microglia defines this cell type to respond to PVSRIPO.
There was profuse proliferation of such cells, evident as
Ki67* co-staining, in the brain. Microglia activation and pro-
liferation induced by PVSRIPO was diffuse and extensive,
consistent with the absence of focal viral cytopathogenicity
in the CNS. Rather, this pattern of microglia activation may
reflect PVSRIPO’s nonlethal phenotype in cells of the mon-
onuclear phagocytic system yielding sustained type-l IFN
dominant inflammation.’*'® Accordingly, the prevailing
transcriptional signatures emerging from RNAseq ana-
lyses of the tumor region post PVSRIPO were antiviral in-
flammatory in nature.

The dramatic early treatment effects of PVSRIPO were
transient and, in ~90% of cases, gave rise to lethal tumor
progression. Our studies suggest that turning acute in-
flammatory antiviral reactions into durable remission
may be achieved by combining PVSRIPO with immune-
modulatory agents capable of blocking natural resistance
points of the antiviral immune response, for example, with
anti-PD-L1 or PD1 ICB.

Our investigations demonstrate that, rather than a det-
riment to cancer virotherapy, GAMM may be active parti-
cipants in the antitumor effects elicited by virus challenge
of the TME and the innate inflammatory signaling cas-
cades this elicits. Beyond proinflammatory engagement
of the tumor myeloid infiltrate, the quality, depth, and an-
atomical reach of PVSRIPO-induced microglia activation
in peritumoral brain may be indispensable for generating
functional antitumor CD8*T cell immunity in malignant
gliomas, notorious immune deserts intrinsically resistant
to systemic immunotherapy approaches.*’ A pivotal ob-
jective of future investigations is to resolve the contribu-
tions of diverse (resident and infiltrative) myeloid subsets
responding to PVSRIPO immunotherapy with endogenous
type-l IFN signaling™-'8 to cancer immune surveillance in
the CNS.

Supplementary material

Supplementary material is available online at Neuro-
Oncology (http://neuro-oncology.oxfordjournals.org/).
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