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Improvement of immunogenic chemotherapy by STAT3 inhibition
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ABSTRACT
The inhibition of STAT3 may exert cell-autonomous cytotoxic and cytostatic effects, yet may also stimulate
anticancer immunosurveillance through the neutralization of immunosuppressive circuitries. In addition,
STAT3 inhibition in cancer cells may stimulate the type 1 interferon response elicited by anthracyclines.
This pathway results in an enhanced chemotherapy-associated anticancer immune response with
improved therapeutic efficacy. Hence, combination therapies that include immunogenic cell death (ICD)
inducers and STAT3 inhibitors can be envisaged.

A certain number of successful chemotherapeutic agents have
the property to induce ICD. ICD is characterized by at least
four hallmarks: (i) the exposure of calreticulin on the plasma
membrane following the translocation of this protein from the
lumen of the stressed endoplasmic reticulum to the cell surface;
(ii) the release of ATP from the cells to the extracellular space,
a process that can be favored by premortem autophagy; (iii) the
induction of type 1 interferons that act in an autocrine or para-
crine fashion on the common interferon a/b receptor (IFNAR)
to stimulate a type 1 interferon response; and (iv) the postmor-
tem release of HMGB1 from the nuclei of dead cells.1-3 These
four hallmarks determine specific interactions with immune
cells, at multiple levels, namely (i) the transfer of tumor anti-
gens due to the interaction of the ‘eat-me’ signal calreticulin
with suitable receptors on antigen-presenting cells; (ii) the
action of extracellular ATP on purinergic receptors such as
P2Y2 an P2RX7 to facilitate the recruitment of myeloid cells
into the proximity of dying cells (via P2Y2) and to activate the
inflammasome in dendritic cells (via P2RX7); (iii) the produc-
tion of type 1-interferon-induced chemokines including
CXCL9 and CXCL10 that act on CXCR3 to attract T lympho-
cytes into the tumor bed; and (iv) the ligation of toll-like recep-
tor 4 (TLR4) expressed by immature dendritic cells by
HMGB1, stimulating their capacity of tumor antigen presenta-
tion.3-5 Although it is possible that the aforementioned list of
ICD hallmarks of ICD is still non-exhaustive, it does allow for
the identification of ICD inducers in compound libraries by vir-
tue of screening program designed to measure calreticulin
exposure, ATP secretion and HMGB1 release.1,6

Driven by the consideration that STAT3 inhibition might be
useful for anticancer immunotherapy:7-9, we recently explored
the possibility that STAT3 inhibition might be combined with
ICD inducers (such as anthracyclines) to improve the outcome
of chemotherapy. We found that combination of the anthracy-
cline mitoxantrone with the STAT3 inhibitor Stattic indeed
provided a synergistic anticancer effect and that tumor growth
reduction by the combination regimen (mitoxantrone plus
Stattic) entirely depended on the contribution of T lympho-
cytes, meaning that its activity was lost when it was used to
treat tumor-bearing nu/numice (which lack thymus-dependent
T cells). In a subsequent round of experiments, we used
MCA205 cancer cells from which we deleted the Stat3 gene by
CRISPR/Cas9 technology, driven by the consideration that this
would constitute a way to specifically suppress STAT3 in cancer
cells without interfering with its function in other cell types
including immune cells. Stat3¡/¡ MCA205 cancers again
responded better to chemotherapy with mitoxantrone than
wild type (WT) control tumors, supporting the idea that it was
indeed STAT3 contained in the tumor cells that was the target
of Stattic. Moreover, retransfection of Stat3¡/¡ MCA205 cells
with Stat3 (but not with a mutant, inactive form of Stat3)
reversed their chemosensitivity.10 Of note, after mitoxantrone
treatment, Stat3¡/¡ MCA205 cancers induced a much stronger
anticancer immune response than their WT counterparts.
Thus, the chemotherapy-induced infiltration of the tumors by
CD11cCCD86C dendritic cells and by CD3CCD8C T lympho-
cytes was much more pronounced in Stat3¡/¡ than in WT
tumors.10 Moreover, the frequency of g/d T cells, CD4C a/b T
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cells and CD8C a/b T cells among tumor-infiltrating leukocytes
was only enhanced by the dual experimental manipulation
(Stat3 knockout plus doxorubicin injection), which also caused
an increase in capacity of tumor-infiltrating CD4C and CD8C

a/b T lymphocytes to produce IFNg and that of g/d T cells to
produce IL-17 (Fig. 1).

We also explored whether the deletion of Stat3 might
affect any among the hallmarks of ICD. To our surprise,
Stat3 deletion failed to sensitize the tumor cells to cell death
induction by anthracyclines in vitro, reduced calreticulin
exposure and did not affect ATP secretion or HMGB1
release. Stat3 deletion only stimulated one of the hallmarks of
ICD, namely the production of type 1 interferons and that of
multiple type 1 interferon-inducible genes including CXCL9
and CXCL10. Accordingly, neutralization of IFNAR or
CXCR3 with suitable antibodies reversed the chemosensitivity

of Stat3¡/¡ tumors in vivo.10 This finding establishes the
cause–effect relationship between STAT3 inhibition, stimula-
tion of a type 1 interferon response and improved outcome
of cancer chemotherapy.

STAT3 inhibition has been proposed to mediate anticancer
effects by multiple mechanisms including cell-autonomous
effects (knowing that STAT3 is a potent oncogene and that
many cancers are ‘addicted’ to STAT3 and hence require this
transcription factor for their survival and proliferation), as well
as immunological effects (knowing that STAT3 is expressed by
immunosuppressive cell types including myeloid-derived sup-
pressor cells). Our observations suggest that STAT3 inhibition
may also trigger the immunostimulatory induction of the type
1 interferon response, thus reinforcing one of the hallmarks of
ICD. It has been shown that breast cancer that fail to mount a
type 1 interferon response have a poor prognosis.3 Hence, it

Figure 1. Cytofluorometric analysis of tumor-infiltrating T lymphocytes. MCA205 fibrosarcoma cells that were either wild type (WT) or Stat3¡/¡ were inoculated into histo-
compatible C57Bl/6 mice. Once palpable the tumors were either injected with doxorubicin or PBS as a vehicle control. Seven days after intratumoral injection of chemo-
therapy, the fibrosarcomas were retrieved and digested with 0.4 W€unsch units/mL Liberase TL (Roche) and 200 U/mL DNase I (Calbiochem), cultured for 4 h in the
presence of phorbol 12-myristate 13-acetate (20 ng/mL) C ionomycin (1 mg/mL) C brefeldin A (3mg/mL) and then stained to determine the expression of CD3, CD4C,
CD8C, g/d T cell receptor on the cell surface, as well as that of interferon-g (IFNg) and interleukin-17 (IL-17) within the cytoplasm. (A). Proportion of g/d T cells, CD4C

a/b T cells and CD8C a/b T cells among viable (Vivid yellow¡) cells. (B). Proportion of IFNg-producing CD8C a/b T cells. (C). Proportion of IFNg-producing CD4C a/b T
cells. (D). Proportion of IL-17-producing T cells among g/d T cells. Values are means§ standard error of the mean (n D 5 per group). Asterisks mark significant differences
(�, p< 0.05, ��, p < 0.01,) between groups, as determined by the Student t test.
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may be interesting to explore whether such tumors exhibit
signs of STAT3 activation and then to explore the possibility of
treating them with a combination of chemotherapy and STAT3
inhibitors.
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