
IP-10/CXCL10 attracts regulatory T cells:
Implication for pancreatic cancer

Serena Lunardi1,*, Su Yin Lim1, Ruth J Muschel1,y, and Thomas B Brunner1,2,y

1Gray Institute for Radiation Oncology and Biology; Department of Oncology; University of Oxford; Oxford, UK; 2Department of Radiation Oncology; University Hospitals Freiburg;

Freiburg, Germany

yThese authors contributed equally to this work.

Keywords: CXCL10, IP-10, pancreatic cancer, pancreatic stellate cells, regulatory T cells

Pancreatic stellate cells (PSCs) are key components of pancreatic ductal adenocarcinoma (PDAC). We recently
demonstrated that IP-10/CXCL10 is highly expressed by PSCs in the presence of pancreatic cancer cells (PCCs) and its
expression correlates with infiltration by regulatory T cells (Tregs) and poor survival. Thus, stromal cells in pancreatic
cancer can promote immunosuppression and tumor progression, through the expression of IP-10.

PDAC continues to be a difficult dis-
ease to treat. Standards of care have not
changed significantly in the last decade and
the 5-y survival-rate remains less than 5%.
Despite of the introduction of more effec-
tive chemotherapeutic regimens, combined
gemcitabine and nab-paclitaxel and FOL-
FIRINOX, median survival still is not
above one year in advanced disease.1,2 In
order to develop more effective therapeutic
strategies, we need to better understand the
underlying pancreatic cancer biology.

The histology of pancreatic cancer is
notable for a prominent desmoplastic
reaction that in addition to PCCs, is pre-
dominantly characterized by the presence
of PSCs. PSCs can be activated by inflam-
matory stimuli, injury and cancer and
when activated, they proliferate and pro-
duce large amounts of extracellular pro-
teins. We identified cytokines and growth
factors produced by PSCs alone or in the
presence of PCCs.3 Activated PSCs secrete
many pro-inflammatory cytokines such as
IL-8, IL-6, SDF-1a and GROa that have
the potential to favor tumor growth by
recruiting pro-tumorigenic leukocytes
such as tumor-associated macrophages

and myeloid-derived suppressor cells. We
reported in our recent study that PCCs
induce PSCs to express and secrete inter-
feron-g inducible protein 10 (IP-10), also
called CXCL10.3

IP-10 is a chemokine implicated in
many inflammatory diseases and often
acts as a chemoattractant for T cells.
Moreover, IP-10 signaling via its cog-
nate receptor CXCR3 was shown to pro-
mote tumor growth, migration and
invasion of cancer cells in several tumor
types.4 Interestingly, despite the fact that
PCCs express CXCR3, IP-10 did not
affect PCC proliferation or migration in
our experiments. Instead, we found an
association between the expression of IP-
10 and CXCR3 with the presence of
Tregs and of an immunosuppressed
microenvironment. In view of the fact
that Tregs are known to express
CXCR3, we hypothesized that PCCs
could stimulate PSCs to produce IP-10
leading to the recruitment of CXCR3C

Tregs that are involved in mediating
tumor immunosuppression. Indeed, we
found that IP-10 attract CXCR3C Tregs
as well as CD8C and CD4C CXCR3C T

cells in peripheral blood mononuclear
cells (PBMCs) obtained from PDAC
patients.3 Moreover, PBMCs in these
patients contained more Tregs than
PBMCs from healthy volunteers, sug-
gesting that circulating Tregs may be
preferentially recruited into PDAC by
IP-10 compared to other types of T cell
subsets.

CXCR3C Tregs selectively accumu-
late in ovarian cancer tumors and con-
tribute to a reduction in the activity of
Th1 lymphocytes.5 However, in other
tumor types such as breast cancer6 and
melanoma,7 IP-10 and CXCR3 expres-
sion have been associated with an antitu-
moral response driven by CXCR3C Th1
lymphocytes. Hence, IP-10 may have a
divergent effect on the immune response
to a cancer in a tumor-specific and
patient-specific manner. Depending on
the equilibrium between CXCR3C Th1
lymphocytes and CXCR3C Tregs, the
immune system could shift from an
immune activating to an immune sup-
pressing state. Based on our findings, we
propose a model in which stromal
expression of IP-10, induced by PCCs,
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preferentially recruits immunosuppres-
sive CXCR3C Tregs to PDAC (Fig. 1).

We examined pathology specimens
from patients who had undergone resec-
tion for PDAC. IP-10 was upregulated in
those cancers compared to normal pancre-
atic tissue adjacent to the tumor and its
expression also correlated with poor sur-
vival. Our results suggest that the use of
IP-10 and/or CXCR3 as targets in new
multimodal therapeutic approaches might

need careful stratification. Inhibiting
either IP-10 or CXCR3 may prevent the
recruitment of T effector cells as well as
Tregs. Thus inhibition of IP-10 and
CXCR3, either alone or together, may not
be adequate to stimulate an immune
response against a tumor and alternative
strategies need to be explored. Several clin-
ical trials are implementing immunother-
apy for the treatment of PDAC.8 Two
different approaches are currently being

applied. CTLA4 and PD-1 blocking anti-
bodies alone or in combination with
chemo- or radiotherapy are being
deployed to inhibit the immunosuppres-
sive activity of Tregs against reactive T
cells (NCT01313416, NCT0230518,
NCT02303990, NCT00112580; www.
clinicaltrials.gov). Cancer vaccines are also
being tested in the clinic combined with
chemotherapy in patients with locally
advanced or metastatic pancreatic cancer
(NCT00425360). A phase I clinical trial
where adjuvant chemoradiation was com-
bined with tumor cell vaccination have
showed an significant increase in median
survival.9 Finally, CTLA4 and PD-1
inhibitors are being combined with cancer
vaccines to further potentiate the immune
reaction stimulated by the vaccine against
tumor (NCT02243371, NCT00836407,
NCT01896869).

Overall, recent studies have shed light
on PDAC biology and the importance of
the tumor microenvironment in the
response to therapy. Our work points
toward a detrimental role of PSCs by
promoting immunosuppression while
another new study suggests that the pres-
ence of PSCs-related fibrosis could pre-
vents the recruitment of Tregs into
PDAC.10 Now, further basic and clinical
investigations are needed to clarify the
PSCs-immune system interplay in pan-
creatic cancer in order to find the right
multi-targeting strategy for improving
current treatment.
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