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Our preclinical data demonstrate that an intravenous injection of Modified Vaccinia virus Ankara induces CD8C

lymphocytes to infiltrate organs to control the growth of orthotopic renal carcinoma upon combination with a toll-like
receptor 9 agonist. Such shaping of the tumor microenvironment could constitute the basis of more effective clinical
protocols of tumor immunotherapy.

Introduction

Despite continuous efforts from public
health authorities for the prevention and
the early detection of cancer, this pathol-
ogy has become one of the leading causes
of death in developed countries.1 Current
therapies include (but are not limited to)
surgery, chemotherapy, and radiotherapy.
Nevertheless, patients suffering from
advanced, recurrent, or aggressive cancers,
such as of the lung, liver, or pancreas,
have dismal perspectives. Active immuno-
therapy is based on the induction or the
re-establishment of a specific CD8C T-cell
immune response that is able to destroy
cancer cells. Despite promising preclinical
results, objective clinical response rates to
standalone active immunotherapy have
remained below expectations.2 An effi-
cient active immunotherapy would require
the proper generation of antigen-specific
CD8C T cells, trafficking, and homing of
those cells to tumors where they are to
specifically recognize and lyse tumor cells.
Then, new mutated antigens released
from the lytic process would ideally be
processed to generate new, specific, T cells
and, thus, create a virtuous and iterative
cycle of successful immunotherapy.3

Unfortunately, the access of the CD8C T
cell to the tumor bed is often insufficient

and, tumor cells, in collaboration with
their stroma, make up an immunosup-
pressive microenvironment that inhibits
the cytotoxic activity of CD8C T cells.
Part of the current research in immuno-
therapy aims at overcoming these
limitations.

In our study, we evaluated the immu-
notherapeutic efficiency of a Modified
Vaccinia virus Ankara (MVA) expressing
the tumor-associated antigen mucin 1
(MUC1) in an orthotopic model of renal
carcinoma. MUC1 is a glycoprotein
found aberrantly expressed and hypogly-
cosylated in numerous types of cancers,
including renal carcinoma.4 We hypothe-
sized that an orthotopic model of cancer
would be more representative of the
patients’ situation than a subcutaneous
ectopic tumor model in the study of the
effects of antigen-specific immunotherapy.
As the immunization route imprints the
migratory capacities of the primed anti-
gen-specific T cells,5 we chose to compare
the commonly used route for immuno-
therapeutics (subcutaneous; SC) to the
intravenous (IV) route, which we thought
would be more likely to generate MUC1-
specific T cells that would migrate to a vis-
ceral organ such as the kidney. With an
idea to generate higher frequencies of
MUC1-specific T cells, we introduced a

toll-like receptor 9 (TLR9) agonist (CpG
ODN1826) in our immunotherapeutic
scheme.

Our results indicate that significant
prolongation of overall survival (OS) in
our orthotopic model of renal carcinoma
could be obtained, provided that MVA
expressing MUC1 (MVA-MUC1) was
administered via the IV route. ODN1826
greatly enhanced OS upon combination
with IV MVA-MUC1 only.6 In contrast
to the SC injection, IV injection of MVA-
MUC1 was associated with a massive infil-
tration of CD8C T cells into the kidney
bearing a tumor. This infiltration of
CD8C T cells was also detected in the
contralateral kidney, liver, and lungs of
animals. It was also induced by IV injec-
tion of an empty MVA vector and
occurred in tumor-free animals, thus indi-
cating that the observed phenomenon was
neither dependent on the expression of
MUC1 nor related to the presence of a
tumor in a given organ. In tumor-bearing
animals, the depletion of CD8C T cells
with specific antibodies emphasized the
key role of those cells in this orthotopic
model. Very low frequencies of MUC1
antigen-specific CD8C T cells were
detected after IV MVA-MUC1 immuni-
zation, but those were sufficient to control
the growth of RenCa-MUC1 cells. As we
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characterized the amino acid sequences of
the 2 H-2d–restricted human MUC1 epit-
opes, we observed that they presented a
high level of homology with their mouse
MUC1 counterparts. We hypothesized
that the low frequencies of human
MUC1-specific CD8C T cells detected
could be due to the thymic depletion of
the most reactive mouse MUC1-specific
CD8C clones. Using a reporter gene, we
observed that, in comparison to SC injec-
tion, IV administration of MVA resulted
in a faster gene expression in the organs
and antigen-presenting cells from the
spleen. As a consequence, we observed
that MUC1-specific CD8C T cells were
generated and detected faster than when
MVA-MUC1 was injected IV. Infiltrating
CD8C T cells were characterized by an
effector memory phenotype with expres-
sion of exhaustion markers. CpG
ODN1826 by itself had neither an effect

on OS in our model nor induced infiltra-
tion of CD8C T cells in organs. In con-
trast, it induced infiltration of CD4C T
regulatory cells (Tregs) in kidneys bearing
a tumor. Unexpectedly, the addition of
ODN1826 to MVA-MUC1 immuno-
therapy decreased the frequency of
MUC1-specific CD8C T cells that we
could detect from the spleen of the ani-
mals. Further, ODN1826 added to IV
MVA-MUC1 modified the pattern of
gene expression in the tumor-bearing kid-
ney, skewing the tumor microenviron-
ment toward the Th1 type (Tbx21, Ifng,
Stat4, and Il27), the expression of co-
stimulatory molecules (Cd40l), and favor-
ing the recruitment of immune cells such
as activated effector memory T cells
(Cxcl11 and Ccl5), B cells (Cxcl13), and
mature dendritic cells (Ccl19).

Important infiltration of tumor tissue
by effector memory CD8C T cells is a

good prognostic indicator for disease out-
come in most human cancers.7,8 Our
study suggests that, in the clinic, infiltra-
tion of organ-bearing tumors with such
pivotal cells could be achieved with IV
injection of MVA-MUC1 in pathologies
that do benefit from an important CD8C

T-cell infiltrate. Once there, the effector
activity of those MUC1-specific CD8C T
cells could be fostered by modification of
the tumor microenvironment with com-
pounds such as TLR9 ligands.9,10 Con-
comitant or sequential combination with
classical or emerging therapies would par-
ticipate in the shaping of the tumor bed
toward an immunoactive microenviron-
ment capable of efficiently controlling and
rejecting tumors (Fig. 1).
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cal setting to participate in the shaping of an immuno-efficient tumor microenvironment through combinations with existing and/or emergent therapies.
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