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Recruitment of vo T lymphocytes to tumors
A new role for the pleiotropic chemokine CCL2
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Despite the promise of targeting vyd T cells for cancer immunotherapy, the mechanisms underpinning the recruitment
of this T-cell subsets to neoplastic lesions remain poorly understood. We have recently identified the pro-inflammatory
chemokine CCL2 and its receptor CCR2 as key molecular determinants of yd T-cell migration and tumor infiltration.

Inflammation is a doubled-edged hall-
mark of cancer that comprises both
tumor-promoting and tumor-inhibitory
components, including the infiltration
of neoplastic lesions by various immune
cell subsets with strikingly different func-
tions.! The recruitment of these immune
cells to tumors is largely orchestrated by
chemokines, among which chemokine
(C-C motif) ligand 2 (CCL2), also known
as monocyte chemoattractant protein 1
(MCP1), has been intensively studied.
CCL2 can be detected in the majority
of solid tumors and has traditionally been
linked to the recruitment of myeloid cells
expressing the cognate receptor CCR2. In
particular, CCL2 is a key signal for the
infiltration of neoplastic lesions by tumor-
associated macrophages (TAMs) that are
biased toward a pro-tumor M2 pheno-
typic and functional profile. Moreover,
CCL2 has been shown to recruit mono-
cytes to pulmonary metastases in a
murine model of breast carcinoma. In
this setting, the neutralization of CCL2
with specific antibodies inhibited meta-
static spread and prolonged the survival
of tumor-bearing mice.? Along similar
lines, CCL2 has been implicated in tumor
infiltration by myeloid-derived suppres-
sor cells (MDSCs) in animal models of

lung carcinoma, sarcoma, melanoma and
lymphoma.’ Finally, CCR2-expressing
MDSC:s reportedly accumulated in mela-
noma lesions, where they hamper CD8*
T-cell recruitment and hence limit the
efficacy of immunotherapy.*

In humans, the levels of CCL2 have
been positively correlated with tumor
infileration by TAMs and are generally
associated with poor prognosis among
patients suffering from breast, prostate,
and colon carcinoma.’ Collectively, these
results have prompted the development of
therapeutic protocols based on agents that
would block either CCL2 or CCR2, which
are nowadays under clinical evaluation.

Although the CCL2 and CCR2 have
historically been implicated in tumor pro-
gression, a series of studies have identified
a potential antitumor role for this signaling
axis, which would reflect the recruitment
of cytotoxic lymphocyte subsets including
CDS8* T¢® and natural killer (NK) cells.®
Recently, we have added the recruitment
of y8 T cells to the list of pleiotropic func-
tions that CCL2 plays in the tumor micro-
environment’ (Fig. 1). We demonstrated
indeed that the CCL2/CCR2 signaling
axis is required for yd T-cell infiltration
in a preclinical melanoma model based on
the transplantation of murine B16 cells,
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which are a target for yd T-cell cytotoxic-
ity. In particular, we observed a signifi-
cant reduction in the number of y3 T cells
infiltrating B16 melanomas developing in
Cer2'~ as compared with wild-type (WT)
mice. Interestingly, although myeloid cells
(TAMs and MDSCs) were also less abun-
dant in B16 tumors growing in Cc72”~ ani-
mals, these lesions grew faster than those
implanted in WT mice.” These data suggest
that, at least in some settings, the antitumor
functions of CCL2—as mediated by yd
T cells, which were shown to inhibit tumor
growth in vitro and in vivo—predominate
over its pro-tumor activities (mainly medi-
ated by myeloid cells). It should be noted,
however, that these experiments focused
on the early phases (first 2 wk) of tumor
progression. It is therefore possible that a
different scenario would have emerged at
later stages of the disease, which could not
be studied in this model owing to the rapid
and eventually lethal growth of B16 cells.
The complexity of CCL2 functions
the
may be further enhanced by the hetero-

within tumor microenvironment

geneity of each leukocyte subset recruited
via CCR2. For example, TAMs can dis-
play diametrically opposed phenotypes,
often referred to as M1 and M2, which
are associated with tumor inhibition vs.
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Figure 1. Pleiotropic roles of CCL2 in the recruitment of tumor-inhibitory (cytotoxic) vs. tumor-promoting (immunosuppressive) leukocyte subsets.
MDSC, myeloid-derived suppressor cell; NK, natural killer; TAM, tumor-associated macrophage.

support, respectively.! Heterogeneity may
also be an important factor for human
Va1 T cells, which abundantly infiltrate
several tumor types,'* express CCR2 and
migrate in response to CCL2.? Thus, mel-
anoma-infiltrating V81 T cells have been
shown to produce tumor necrosis factor
a (TNFa) and interferon y (IFNvy) and
hence mediate potent cytotoxic functions.
Conversely, V81 T cells isolated from
breast cancer lesions reportedly inhibit
dendritic cell and CD4* T-cell functions
in vitro, and their abundance inversely
correlated with CD8* T-cell infiltra-
tion and overall survival in a cohort of
advanced breast carcinoma patients.”’
The latter results point to the existence
of a (hitherto uncharacterized) “suppres-
sor” subset of human V81 T cells, which
would contrast with its well-studied cyto-
toxic counterpart (Fig. 1).

Based on our data on the chemotac-
tic response of V81 T cells to CCL2, it
will be interesting to correlate the abun-
dance of tumor-infiltrating V81 T cells
with the CCL2 levels.
Transcriptomic studies performed in our
laboratory revealed that the CCL2 mRNA

intratumoral
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would likely extend to yd T cells.
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Notwithstanding our conviction that
CCL2 plays a key role in tumor immu-
nosurveillance (relying on vy T cells and
other cytotoxic lymphocytes) (Fig. 1),
this pro-inflammatory chemokine can
undoubtedly contribute to tumor progres-
sion and metastasis.> Thus, the net effect
of CCL2 on neoplastic lesions may well
depend on multiple variable, including
tumor stage and perhaps the concomi-
tant presence of additional cytokines. Our
recent study’ focused on the early stage of
tumor progression, a setting in which the
antineoplastic effects of CCL2 seemingly
dominate over its tumor-supporting activ-
ity. Future studies will have to clarify if,
at later stages of the disease, the CCL2-
dependent accumulation of myeloid cells
inevitably results in the stimulation of
tumor growth. The resolution of this par-
adox will be critical to interpret previous
results and potentially (re)design thera-
peutic strategies aimed at modulating
CCL2 levels in cancer patients.
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