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that immunotherapy could be a very
promising tool to treat patients suffering
from advanced/metastatic SCC. However,
advanced, non-resectable SCC is most often
observed in immune-compromised patients.
In particular, organ transplant recipients too
often require immunotherapy, but cannot
benefit from it. Indeed, immunotherapy is
associated with a very high rate of transplant
failure, which prevents its use in lung and
heart transplants.11 The possibility of under-
going dialysis allows renal transplant pa-
tients to choose to receive immunotherapy
at the cost of their transplant, but, in our
experience, they rarely choose this path.
Hence, immunotherapy is not the golden
bullet that we had hoped it would be for
our advanced SCC patients. This context
heightens the value of the work published
by Galiger et al.,1 as it suggests a novel
therapeutic approach that should work in
immune-compromised patients as well.
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Oncolytic viruses (OVs) are a class of anti-
cancer agents that mediate therapeutic ef-
fects through some combination of direct
infection of tumor cells and tumor lysis as
well as through enhancement of tumor-spe-
cific immune responses. Multiple mecha-
nisms, both inherent to tumor cells and the
tumor immune microenvironment, put con-
straints on the efficacy of OV therapy. In this
issue of Molecular Therapy, Selman and col-
leagues1 explore combinatorial therapy of
OVs with vanadium compounds, a group
of non-specific protein phosphatase inhibi-
tors, as a strategy to overcome these limita-
tions. They demonstrate that, within the
context of OV therapy, vanadate compounds
exert pleiotropic effects, which, in the case of
RNA viruses, work by independently
enhancing replication and OV-mediated tu-
mor lysis and potentiating T cell-mediated
immunity (Figure 1). Notably, the same
compounds led to profound inhibition of
the replication of some of the known onco-
lytic DNA viruses. These findings add a
new agent to the armamentarium of combi-
natorial treatment strategies using oncolytic
RNA viruses but also highlight the
complexity of the interactions of OVs with
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Figure 1. Pleiotropic Effects of Vanadium Compounds on Oncolytic Immunotherapy

(A) Infection with an RNA oncolytic virus leads to virus replication with resultant production of type I IFN, which acts in an autocrine and paracrine fashion to limit viral replication

and spread. This leads to limited viral replication, direct tumor cell lysis, and T cell-mediated immunity in vivo. (B) Vanadium compounds in the setting of infection with an RNA

oncolytic virus re-wire intracellular signaling in response to type I IFN to induce transcriptional activation consistent with type II IFN response and result in increased virus

replication, tumor cell lysis, and T cell recruitment to tumors.
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the different arms of the immune system and
caution against the extrapolation of findings
with one OV to the broad category of OV
therapeutics class as a whole.

With enhanced understanding of the cellular
processes governing the interaction of OVs
with cancer cells and the immune system,
recent years have seen a flurry of activity in
the field. The notion of converting “cold” tu-
mors to “hot” has become colloquial in all
oncology fields, with OVs serving as the best
examples of the therapeutic potential of this
principle. As an example of the latter, T-Vec,
an oncolytic herpes simplex virus (HSV)
expressing granulocyte-macrophage colony-
stimulating factor (GM-CSF), was approved
by the US Food and Drug Administration
(FDA) and European Medicines Agency
(EMA) based on its local and systemic efficacy
seen following intratumoral delivery for
advanced melanoma.2 Recent studies have
demonstrated additive or even synergistic
activity of this agent in trials in advanced
melanoma when used in combination with
systemic CTLA-4 or PD-1 blockade.3,4

Multiple mechanisms can drive resistance to
OV therapy. While the cardinal constraints
10 Molecular Therapy Vol. 26 No 1 January 2
to therapy with OVs have been primarily
based on the challenges posed by systemic
administration, there are multiple processes
that block viruses from exerting their effects
even after they make it to the tumor. First of
all, resistance of cancer cells to OV infection
may prevent adequate viral replication to
generate sufficient lysis and induction of
tumor-specific immunity. Second, OV-
induced anti-tumor immune responses are
a result of multiple processes driven by virus
replication and tumor lysis, innate immune
responses, and anti-viral and anti-tumor
adaptive immune responses. For example,
while type I interferon (IFN), induced by
many viruses, can promote dendritic
cell maturation and antigen presentation,
it can also limit viral replication and
tumor lysis. On the other hand, robust
virus replication might not be necessary for
some viruses and, in fact, excessive
viral replication or expression of particular
therapeutic transgenes carries the potential
to impact generation of tumor-specific,
as opposed to virus-specific, immune
responses.5–9

Thus, there is a strong rationale for exploring
rational combinations of immunomodula-
018
tory compounds and antibodies with OV
therapy. In their very detailed study, Selman
and colleagues1 go outside the box of the
usual immunomodulatory targets and
instead explore combinatorial therapy be-
tween OV and vanadium compounds, a
rather unfamiliar class of agents to the ma-
jority of those working in the cancer field.
Vanadium is a transitional element, the dis-
covery of which, in the early 1800s, is
credited to the Spanish-Mexican scientist
Andrés Manuel del Río and the Swedish
chemist Nils Gabriel Sefström, who named
the new element after the Norse goddess of
love, beauty, and fertility, Vanadís. Since
then, the use of vanadium and vanadium
compounds has been widely implemented
in metallurgy but has been also explored as
a dietary supplement. The first reports of
the use of vanadium compounds appeared
late in the 1800s in patients with diabetes,
with additional early trials conducted in the
early 2000s.10 Studies have demonstrated
the ability of vanadium-based compounds
to nonspecifically block protein phospha-
tases, presumably secondary to their ability
to act as phosphate analogs.11,12 Due to
involvement of tyrosine phosphorylation in
multiple innate and adaptive immune

http://www.moleculartherapy.org
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pathways, the molecules have been shown to
impact the immune system.13

Given the latter, the authors explored the
interaction between vanadate compounds
and OVs, using vesicular stomatitis virus
(VSV) as a model. The authors show that
the mechanisms of action of vanadate in
improvement of OV efficacy are pleiotropic.
First of all, it promotes multicycle virus repli-
cation in cancer cells, but not normal cells.
Second, even in the absence of viral replica-
tion, vanadate could potentiate cell killing,
an effect that is likely mediated through acti-
vation of type I IFN and reactive oxygen spe-
cies-mediated activation of apoptosis. Third,
in immunocompetent tumor models, vana-
date augmented VSV-induced T cell infiltra-
tion, with the degree of T cell infiltration
directly correlating with anti-tumor activity,
but not viral replication, although viral
replication was still required for anti-tumor
efficacy. The combinatorial effect was
completely abrogated in nude mice, suggest-
ing that vanadate-mediated potentiation of
VSV activity in vivo is primarily mediated
by its enhancement of T cell-mediated im-
munity. Interestingly, the authors explored
several additional transition metal salts and
found the effects to be specific to vanadium
complexes.

The authors next demonstrate that, in
cancer cells, vanadium alters immune
signaling pathways, leading to increased
production of type I IFN, but reduced re-
sponses to type I IFN stimulation and sub-
sequently decreased expression of type I
IFN-inducible genes. Interestingly, they
observe enhanced expression of genes typi-
cally associated with IFN-g signaling and
demonstrate the predominant activation
of STAT1, rather than both STAT1 and
STAT2, in response to type I IFN stimula-
tion in the presence of vanadate, suggesting
that vanadium compounds may act by
“converting” a type I IFN response into a
type II IFN response. Overall, at least in
cancer cells, vanadium appears to alter re-
sponses to virus infection to promote
T cell immunity, while limiting the nega-
tive impact of innate immune responses
on viral replication (Figure 1). Of note,
vanadium compounds did not appear to
augment the effect of VSV in normal cells,
which is certainly an encouraging sign that
application of these agents might not alter
the safety of OVs.

With these findings, vanadium compounds
could constitute a panacea for the resistance
mechanisms to OV therapy and appear to
promote all pathways that have been previ-
ously demonstrated to be necessary for suc-
cessful cancer immunotherapy. One may
even speculate that, with systemic OV strate-
gies, vanadium could decrease the OV dose
requirements so as to rely more on intratu-
moral viral spread. The findings certainly
merit further exploration within the setting
of OV therapy as well as other immunother-
apeutic modalities, especially given the
intriguing finding of vanadate-mediated
IFN signaling “rewiring.”

However, the study also highlights the
complexity of action of these agents, which
warrants further exploration. While the
authors demonstrate the alteration of tran-
scriptional and signaling programs by vana-
date in mouse and human cancer cells lines,
one needs to explore the effects in vivo,
particularly on its effects upon antigen-pre-
senting cells and T cells within the context
of OV therapy. Furthermore, while intratu-
moral administration of vanadium com-
pounds may alter local virus replication
and tumor lysis, systemic administration
might yield different results. For example, in-
hibition of the response to type I IFN stimu-
lation might inhibit antigen cross-presenta-
tion by CD8+ dendritic cells, which are
dependent upon type I IFN receptor
signaling,14,15 and one would need to eval-
uate whether lack of response to type I IFN
seen in cancer cells treated with vanadium
is also observed in antigen-presenting cells
(APCs). On the other hand, vanadium can
exert stimulatory effects in T cells. For
example, Src homology 2 domain-contain-
ing protein phosphatase 1 (SHP-1), a target
of vanadium, leads to inhibition of antigen-
dependent activation and proliferation in
T cells, essentially acting as an immune
checkpoint.16 Thus, systemic administration
of vanadium compounds in combination
with intratumoral or even systemic OVs
might serve as an oncolytic vaccine and a
Molecu
systemic T cell immunomodulator. We
need to understand potential toxicities that
could be associated with systemic protein
phosphatase inhibition, but early studies
with vanadate compounds in diabetic pa-
tients do provide some comfort in that
regard.10

Finally, we must exercise caution before
extrapolating these findings to other OVs.
In their study, the investigators clearly
demonstrate that, while vanadium com-
pounds substantially enhance the propaga-
tion of RNA viruses, they equally substan-
tially inhibit replication of DNA viruses,
such as vaccinia and HSV, possibly second-
ary to the dependence of these viruses on
phosphatases in their replication cycle. It re-
mains to be seen whether this effect upon
DNA virus replication in vitro manifests it-
self in vivo, where the potentiation effect ap-
pears to be more dependent upon adaptive
immunity rather than viral replication. This
finding highlights the marked differences in
biology of different OVs and cautions against
lumping OVs together as a class of cancer
therapeutics, when they clearly represent
many different agents that are unique in
their mechanisms of interaction with cancer
cells and the immune system.
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Multiple sclerosis (MS) is a complex inflam-
matory, demyelinating disease with a charac-
teristic relapsing and remitting pattern.
Although the pathogenesis of the disease is
still controversial, the presence of CD4+

and CD8+ T cell infiltrates and the identifica-
tion of oligoclonal immunoglobulins in the
cerebrospinal fluid of patients strongly sug-
gest that MS is an immune system disorder
involving different antigens of the nervous
system and, therefore, is ultimately classified
as an autoimmune disease. In this issue of
Molecular Therapy, Keeler and colleagues1

use an established model of MS to study
the dominant role of peripheral tolerance
induced by adeno-associated virus (AAV)
liver gene therapy in preventing the disease
onset. The most important goal of gene ther-
apy for autoimmunity is prevention, and
Keeler and colleagues provide evidence of
effective and stable remission of the disease
when treated in an advanced state using liver
gene therapy and rapamycin, a US Food and
Drug Administration (FDA)-approved drug
used in transplants. The demonstration of
a strong synergy between rapamycin and
AAV-mediated liver gene transfer in the
control of established autoimmune re-
sponses opens the way to several possible
translational applications.

Experimental autoimmune encephalitis
(EAE) is the most commonly used model
of MS and mimics both the key pathological
features of MS and the remyelination process
characteristic of the remitting phase of the
disease. The EAE model is obtained via im-
munization of animals with an antigen
derived from a myelin protein (myelin oligo-
dendrocyte glycoprotein [MOG]) formu-
lated in complete Freund’s adjuvant, a potent
immune system booster. Immune cells
primed against MOG then migrate to the
target tissue, where they recognize the
auto-antigen and initiate the inflammatory
process. The use of EAE as a model for MS
allowed for the development of a variety
of immunomodulatory strategies that have
entered clinical practice and improved MS
treatment and the quality of life of patients.2

However, these treatments are somewhat
limited in efficacy and results in chronic,
global immunosuppression, which is not
ll Therapy.
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