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Improving efficacy of cancer immunotherapy through targeting of macrophages
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ABSTRACT

T cell-based immunotherapies have revolutionized the treatment against cancer. But complete and
long-lasting efficacy is only observed in a fraction of the patient population. One of the suspected
causes is the inability of cytotoxic T cells, endowed with tumor killing ability, to reach their malignant
targets. Using dynamic fluorescence imaging to study the dynamic of T cells in tumors from patients
with lung cancer, we have recently demonstrated that macrophages trap the T lymphocytes, which are
not longer able to contact the tumor cells. In murine models of breast cancer, we could show that the
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depletion of macrophages allows T cells to interact with tumor cells, a process which enhances anti-PD-1
immunotherapy. These findings illustrate the relevance of current clinical trials combining a strategy that
deplete or modulate macrophages with anti-PD-1 immunotherapy.

Introduction

Cancer immunotherapies are making the headline these
days. This is due to very promising clinical results
obtained in a number of malignancies. Among the differ-
ent novel strategies, two approaches that target T cells, key
players in the fight against cancer, appear particularly
efficient, namely immune checkpoint inhibitors, such as
anti-PD-1 antibodies, and chimeric antigen receptor
(CAR) T cells.

Although some patients treated with T-cell based immu-
notherapies achieve long-term disease-free survival, a still elevated
percentage of them do not respond clinically. This highlights the
presence of resistance mechanisms that one needs to identity in
order to propose more powerful strategies."”

In order for cytotoxic CD8 T cells to perform their task,
namely the killing of tumor cells, they need to respond ade-
quately to tumor antigens and also to make a direct physical
contact with malignant cells. This cell-cell interaction is the
end result of a series of stepwise events during which T cells
rapidly migrate. It is believed that, like any immune response,
tumor-specific T cells are primed in the tumor-draining
lymph node by dendritic cells which have captured the anti-
gen at the tumor site. During this activation step T cell
acquire their effector functions but also their ability to migrate
towards tumors by expressing novel chemokine receptors and
adhesion molecules. Then, T cells home to the tumors by
extravasation, navigate within the tumor environment, make
contact with stromal cells and stromal components and even-
tually interact with tumor cells. Thus, an active cellular moti-
lity is considered of crucial importance for T cell anti-tumoral
activities.

In cancer patients, one or several of this migration steps do
not operate optimally. So far, a lot of attention has been paid
to defects in the entry of T cells into the tumors, presumably
due to abnormal vessel structures and reduced expression of
chemokines and/or adhesion molecules.>* Nevertheless, even
when T cell succeed in crossing the blood vessels they are, in a
wide range of human malignancies, rarely in contact with
tumor cells but instead enriched in the surrounding micro-
environment called the stroma that is composed, among
others, of activated fibroblasts and extracellular matrix
components.5

This defect in T cell-tumor cell interaction can contri-
bute to explain the persistent growth of some tumors but
also why several immunotherapy protocols, e.g anti-PD-1
antibodies and CAR T cells, do not always give the
expected results in solid tumors. As a matter of fact,
results from a clinical trial indicate that patients who
respond well to anti-PD-1 therapy exhibit, prior to the
treatment, many CD8 T cells in contact with tumor cells.®
Conversely, in cancer patients refractory to immune
checkpoint inhibitors two different profiles have been
reported. In some patients, tumor biopsies are devoid of
T lymphocytes, most likely because tumor cells are not
recognized by the immune system in so called “non-
immunogenic” tumors. Another profile is characterized
by the infiltration of numerous T cells in the tumor, but
not in contact with malignant cells in a profile named
“immune-excluded”.” These results provoke a number of
questions: why in many human tumors are T cells
enriched in the stroma, unable to reach malignant cells?
Is it possible to design innovative strategies enabling T
cells to enter tumor islets and and kill tumor cells?
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Macrophages impede T cells from reaching tumor
cells

To address some of these issues, we decided to track CD8 T
cells in tumor biopsies. An experimental system based on
thick slices made from fresh tumor biopsies combined with
fluorescent imaging microscopy enabled us to monitor the
migration of CD8 T cells within an intact tumor environment.
This approach has been instrumental in demonstrating an
important role of several stromal elements in controlling T
cell migration within human lung and ovarian tumors. We
first reported a detrimental impact of a dense extracellular
matrix (ECM) on the migration of T cells and their ability to
contact tumor cells.”® Growing tumors are characterized by
an excessive accumulation of collagen-1 likely to favor tumor
progression and prevent antitumor T cell functions.
Progressing tumors are also enriched in macrophages
which have been associated with a bad outcome in many
cancers. These tumor-associated macrophages (TAM) can
promote tumor growth by a variety of mechanisms, includ-
ing a suppression of T cell antitumor activities.” Yet, the
mechanisms by which macrophages negatively control T
cells are not completely understood. We therefore decided
to explore whether macrophages were also able to affect the
migration of T cells in tumors. Our recent results obtained
in human and murine tumors evidenced the presence of
stable conjugates formed between TAM and CD8 T cells in
the stroma (Figure 1), suggesting that macrophages could
contribute to sequestering lymphocytes away from tumor
cells."” Remarkably, in mouse mammary tumor models we
found that the depletion of TAM with pexidartinib, an

Figure 1. Distribution of T cells, macrophages and tumor cells within a
human lung tumor. Tumor cells (blue, stained for EpCAM) are organized into
compact islets surrounded by T cells (green, stained for CD3) and macrophages
(red, stained for CD206) which are often in contact. Bar, 100 pym.

inhibitor of the colony stimulating factor 1 receptor
(CSF1R), increased the motility of CD8 T cells and their
ability to reach tumor cells. This macrophage-depletion
strategy, which by itself has a minor effect on the tumor
growth, also improved the effect of an anti-PD-1 treatment.-
1% Altogether, these data suggest that TAM, very abundant
cells in the tumor microenvironment, participate to the
exclusion of CD8 T cells from the vicinity of cancer cells.

The mechanisms by which TAM prevent CD8 T cells from
reaching tumor cells is not known at the moment. We favor
an adhesion process between both cell types triggered by an
effective antigen recognition. This would be in line with data
showing antigen-dependent interactions between CD8 T cells
and TAM in a spontaneous mammary carcinoma murine
model.'! However, the nature of the adhesion molecules
involved in such cell-cell conjugates needs to be further
investigated.

An effect of macrophages on environmental factors con-
trolling the motility of T cells cannot be ruled out. Studies
performed over the last few years have provided evidence for
a role of the structure of the tissue and the presence of
chemokines in regulating the migration of T cells."* In mice
harboring mammary tumors, we found that the depletion of
TAM resulted in more inflammatory chemokines, such as
CCL2 and CXCL10, which are likely to enhance the entry of
T cells into the tumor and their intratumoral migration.'’ In
some situations like breast development, macrophages actively
participate to the construction of the tissue.'” In addition,
evidence indicates a role of TAM in ECM production within
the tumor.'* Interestingly, a recent study demonstrates that
TAM activate carcinoma-associated fibroblasts to produce
excessive amount of the ECM, excluding T cells from tumor
cells, through the secretion of granulin, a growth factor
belonging to the epithelin family."

However, in the murine models we studied'’ the loss of
macrophages in the tumor microenvironment though CSF1R
inhibition did not significantly altered tumor architecture, at
least histologically. It would be interesting to explore whether
ECM remodeling in tumors can be observed with other TAM
targeting therapies.

Therapeutic strategies to target tumor-associated
macrophages

Knowing the pro-tumoral and immunosuppressive functions
of macrophages found in solid malignancies, several thera-
peutic applications to impair their recruitment or survival are
either entering or have entered clinical trials.” CSF1R inhibi-
tors are currently being tested, the most advanced being the
small-molecule Pexidartinib.'® However, CSFIR inhibitors
have shown very limited antitumor effects in patients as single
agents, suggesting the need to combine these inhibitors with
other approaches, including immune checkpoint inhibitors.
Such combination strategies are ongoing in a number of
solid malignancies (NCT02452424, NCT02713529).

Macrophages also use the CCL2/CCR2 axis to enter into
tumors. Thus, anti-CCR2 approaches are being developed to
reduce the number of immunosuppressive macrophages into
solid malignancies.'”



Macrophages are plastic cells, which can be divided into
several subtypes, including a pro-inflammatory, tumoricidal
type (also referred to as M1-like) and an immunosuppressive
type (also referred to as M2-like).'"® Moreover, we and other
have observed that different subsets of TAM coexist in the
tumor microenvironment, bearing different markers and loca-
lization. These observations suggests that more specific target-
ing of M2-like TAM could be conceived in order to selectively
deplete the most suppressive population and the one that
interacts preferentially with T cells, limiting their migration.
Interestingly, a peptide able to target CD206" macrophages at
the tumor site has been recently developed and is able to
transport drug-loaded nanoparticles to these cells."”

As the depletion of macrophages other than M2-like TAMs
might be detrimental for the host, an alternative and perhaps
more efficient approach would be the reprogramming of
immunosuppressive macrophages toward an anti-tumor phe-
notype that would support T cell migration and function.*’
Recent evidence suggests that in certain contexts macrophages
can cooperate with T cells to promote tumor regression.”"*>
Although the basis of this cell-cell cooperation is not known
for the moment, the CD40-CD40 ligand axis appears as a
promising target. CD40 is a member of the tumor necrosis
factor receptor family and is mainly expressed on antigen
presenting cells, including macrophages. Under normal con-
ditions, CD40 ligand on activated T cells interacts with anti-
gen-presenting cells via CD40, resulting in T cell and
macrophage activation.”> Interestingly, CD40 agonists in
combination with gemcitabine induce clinical responses in
patients with surgically incurable pancreatic cancer.”* Apart
from CD40 agonists, several other approaches are currently
being develop to reprogram macrophages and boost T cell
immunity, including class Ila HDAC inhibitors® and PI3Ky
inhibitors.”® It would be interesting to understand whether
the reprogramming of TAM also results in differences in the
interactions of these cells with lymphocytes and, thus, in the T
cell migratory behavior.

Conclusion

Developing therapeutic strategies that help overcome a lack of
T cell unresponsiveness to tumor antigen and a lack of infil-
tration of T cells into tumor islets is critical in order to
increase the fraction of patients responding to
immunotherapy.

Our findings suggest that targeting TAM may serve as a
potential therapeutic strategy to improve CD8 T cell interac-
tion with malignant cells, thereby converting “immune-
excluded” tumors, which are refractory to immune checkpoint
inhibitors, into tumors that respond to anti-PD-1 antibodies.
Opverall, these results support the rational for targeting TAM
in combination with immune checkpoint blockers for the
treatment of solid tumors.
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