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Warming up the tumor microenvironment in order to enhance immunogenicity
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ABSTRACT

We have recently demonstrated that intratumoral CpG-B vaccination enhances anti-tumor immunity and
tumor regression in mice. We further show that the local delivery of TLR9 agonists converts the
tolerogenic tumor microenvironment into an immunopermissive one, which may benefit current immu-
notherapeutic anticancer strategies by enhancing innate and adaptive tumor-associated immune cell

responses.

Treatments for malignancies, including immunotherapies, are
generally provided systemically, therefore frequently asso-
ciated with severe toxic effects. Locally administered immu-
notherapy - topical, intradermal, intranodal or intratumoral -
is nowadays considered as a promising approach. It may
actually solve several aspects limiting immunotherapeutic
strategies: local treatments necessitate lower doses to reach
the required concentration, leading to reduced systemic drug
levels, therefore limiting the risks of autoimmune adverse
effects while enhancing the robustness of the anti-tumor
immune response.1

The aim of immunotherapy is to induce a vigorous immune
response against tumor antigens. The tumor microenvironment
(TME) however negatively impacts the immune system through
three main mechanisms, namely immunosuppression, immu-
noevasion and immunoediting.” These mechanisms involve can-
cer and mesenchymal cells, as well as immune cells, such as
myeloid-derived suppressor cells, regulatory T cells (Tregs),
tumor-associated (TA-) macrophages and TA-neutrophils,
which produce anti-inflammatory cytokines.” In this regard,
local immunotherapy aims at overcoming the inhibitory proper-
ties of the TME in order to “warm up” the tumor, enhance its
immunogenicity and generate effector immune cells.

One conceivable local immunotherapeutic approach is the
administration of TLR ligand agonists, in order to reactivate
immune cells at the injection site. In many types of human
cancers, the recruitment of plasmacytoid dendritic cells (pDCs)
to the TME contributes to the induction of immune tolerance.
Indeed, pDCs infiltrating tumors are characterized by reduced
expression of costimulatory molecules, a decreased ability to
produce type I IFN (IFN-I), as well as an enhanced ability to
induce Tregs.” We have previously shown that, following con-
tralateral vaccination of mice with CpG oligonucleotides-B
(CpG-B), a TLRY agonist, together with a tumor antigen,
pDCs can be activated at a site distal from the tumor and
used as immunogenic antigen-presenting cells (APCs) that
promote tumor-specific Th17 cells. Immune cells are further
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recruited to the tumor, and cytotoxic T cells (CTL) induce
tumor cell death.* Therefore, pDCs represent good candidates
to boost the antitumor immune response. However, whether
the tolerogenic phenotype of TA-pDCs can be reverted by
intratumoral administration of TLRY ligands, and how the
TME is impacted by this approach, is still unclear.

We recently explored how intratumoral delivery of CpG-B
alone or together with a tumor antigen affects tumor-infiltrat-
ing leukocytes in mice having developed solid tumors.” Using
melanoma or thymoma tumors, we observed a significant
reduction of the tumor growth following intratumoral
CpG-B administration. However, we did not observe any
tolerogenic-to-immunogenic conversion of TA-pDC pheno-
type after treatment, and the genetic depletion of pDCs did
not affect the efficacy of the treatment. Therefore, in our
model, TA-pDCs are refractory to TLR9 stimulation and are
not involved in the mechanism of action leading to tumor
regression. In contrast, upon intratumoral CpG-B delivery,
some changes occur in the TME, inducing an increased pro-
duction of neutrophil attractants, by either tumor cells or
tumor-infiltrating cells. As a consequence, neutrophils are
rapidly recruited into the tumor following local CpG-B injec-
tion, and promote the activation of conventional DCs (cDCs)
(Figure 1). The role of tumor-associated neutrophils is
debated in the literature; these cells can have either pro- or
anti-tumoral properties depending on different parameters,
such as the type or the stage of the tumor.°

Following intratumoral CpG-B injection, activated cDCs
migrate from the tumor bed to the draining lymph nodes to
activate tumor-specific cytotoxic T lymphocytes (CTLs) and
Th1 cells (Figure 1). Effector cells subsequently infiltrate solid
tumors, which also contain reduced numbers of Tregs.
Therefore, the balance effector T cells/Treg is modulated in
favour of effector T cells following local immunotherapy and
results in tumor cell elimination and tumor regression
(Figure 1). Importantly, all these events are dependent on
the primary recruitment of neutrophils after CpG-B
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Figure 1. Intratumoral delivery of tumor antigenic peptide and CpG-B induces tumor rejection: working model.

1) Intratumoral injection of tumor antigenic peptide and CpG-B

2) Activated neutrophils are recruited into the tumor

3) Neutrophils promote the activation of conventional dendritic cells (cDCs)
4) Activated cDCs migrate to the tumor-draining lymph nodes (TdLNs)

5) Activated cDCs prime cytotoxic T cells (CTLs) and Th1 cells in the TdLNs
6) Effector Th1 and CTLs migrate to the tumor and secrete IFN-y

7) Treg numbers are decreased in the tumor

8) Tumor cells are killed

administration, since both ¢cDC activation and tumor-specific
T cell priming are abrogated upon neutrophil depletion.’

Interestingly, the efficacy of CpG-B immunotherapy was
potentialized by the addition of a tumor antigen, suggesting
that when an immunogenic tumor antigen is available for
presentation, in situ TLR9 vaccination may induce the conver-
sion of dysfunctional into immunogenic antigen-presenting
cells and generate efficient antitumor T-cell responses.

Local TLRY delivery did not induce a robust systemic
antitumoral immune response in our models, with a rather
modest inhibition of contralateral tumor growth. This is con-
sistent with a recent study showing that intratumoral CpG-C
does not impact the growth of distal tumors, unless it is
combined with anti-OX40 agonistic antibodies.” In human,
systemic tumor-specific CD8" T cell responses have been
observed in tumor patients treated with CpG-B combined to
low dose radiotherapy.® Therefore, preclinical and early clin-
ical studies propose that intratumoral therapies (in situ vacci-
nation or local radiation), could convert “cold” TME into
“hot” TME, thus enhancing the potential for a response after
its combination with systemic immunotherapies, such as
immune checkpoint inhibitors. For instance, sialic acid sugars,
which promote an immunosuppressive TME, can be blocked
to induce an immune-permissive TME, suitable for combina-
tion with immune-based interventions.’

Some limitations, such as tumor accessibility or the need
for an optimization of the delivery methods (route, dose,

volume), currently restrain the development of localized
immunotherapeutic approaches. However, in situ vaccination
strategies are achievable and can induce an immune response
and tumor regression while reducing systemic toxic events.
Recently, in melanoma patients, a single local injection of
low-dose CpG-B, at the tumor excision site resulted in
lymph node ¢DC activation and protection against relapse.'’
Future work deciphering the mechanisms involved in the
protection observed after intratumoral CpG-B treatment will
improve anticancer therapies, for example by combining dif-
ferent approaches such as checkpoint inhibitors or techniques
inducing the release of tumor antigens.
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