ORIGINAL RESEARCH

Oncolmmunology 5:1, e1055444; January 2016; © 2016 Taylor & Francis Group, LLC

Human ectonucleotidase-expressing CD25

high

Th17 cells accumulate in breast cancer tumors
and exert immunosuppressive functions

Marion Thibaudin'*, Marie Chaix*>*, Romain Boidot'*?, Frédérique Végran'*3, Valentin Derangere'?, Emeric Limagne'?,

Hélene Berger'?, Sylvain Ladoire'??, Lionel Apetoh'%*>*, and Fran¢ois Ghiringhelli

1,2,3,5%

TUMR866; INSERM; Dijon, France; 2Faculté de Médecine; Université de Bourgogne; Dijon, France; >Department of Medical Oncology; Centre Georges Francois Leclerc; Dijon, France

4MT and MC share first co-authorship.
LA and FG share senior co-authorship.

Keywords: breast cancer, Th17, prognosis, ectonucleotidase

Th17 cells contribute to the development of some autoimmune and allergic diseases by driving tissue inflammation.
However, the function of Th17 cells during cancer progression remains controversial. Here, we show that human
memory CD25"9" Th17 cells suppress T cell immunity in breast cancer. Ectonucleotidase-expressing Th17 cells
accumulated in breast cancer tumors and suppressed CD4" and CD8* T cell activation. These cells expressed both
Roryt and Foxp3 genes and secreted Th17 related cytokines. We further found that CD39 ectonucleotisase expression
on tumor-infiltrating Th17 cells was driven by TGF-Band IL-6. Finally, immunohistochemical analysis of localized breast
cancer revealed that high-tumor infiltration by IL-17" cells was associated with a poor clinical outcome and impeded
the favorable effect of high CD8" infiltration. Altogether, these findings suggest that intratumoral Th17 cells
compromise anticancer immune responses in breast cancer patients.

Introduction

Th17 cells are a new population of CD4™ T cells involved in
cancer immunomodulation.! These cells are characterized by
their capacity to produce IL-17A and IL-17F, but also IL-10, IL-
21, IL-22 and TNFoa and require the transcription factors
RORyt and RORa for their development.” In humans, Th17
cells are characterized by the expression of the chemokine recep-
tor CCR6.? While Th17 cells were initially identified in the con-
text of autoimmune responses, we and others have demonstrated
that these cells were present in mouse and human cancers.*”
However, their role in cancer still remains controversial. Adop-
tive transfer of tumor specific Th17 cells in mouse models dem-
onstrated their potent anticancer activity.® In human ovarian
cancer high expression of IL-17 is also associated with a favorable
clinical outcome.” In contrast, other reports have shown that
Th17-derived IL-17A could favor cancer progression because of
its capacity to promote vascular endothelial growth factor
(VEGF) production and tumor angiogenesis.lo’11 We have also
previously reported the immunosuppressive functions and the
protumorigenic role of murine Th17 lymphocytes.* We found
that TGF-B and IL-6 drove the differentiation of naive mouse
CD4™ T cells into Th17 cells that expressed the ectonucleoti-
dases CD39 and CD73.% These enzymes degrade extracellular

ATP into the immunosuppressive molecule adenosine. Accord-
ingly, we found that Th17 could suppress T cell immune
responses and promote tumor growth through adenosine.
Whether this immunosuppressive pathway is also relevant in
human cancer has however remained elusive.

In the present study, we focused our interest on human local-
ized breast cancer (LBC). We observed a specific accumulation of
ectonucleotidase-expressing Th17 cells in breast tumors. These
cells were found to suppress T cell activation and are associated
with poorer prognosis.

Results

Foxp3™* Th17 cells accumulate in locally advanced breast
cancer

We analyzed the frequency of helper memory CD4" T cells
that were isolated from periheral blood mononuclear cells
(PBMCs) of patients with breast cancers and healthy individuals
(Table S1 summarizes the clinical characteristic of the patients).
Frequency of memory T cell subpopulations was determined
using their chemokine receptor expression'” (Fig. S1). In the
CD25"¢" population, we observed CCR6 negative and positive
populations that respectively shared Treg and Thl7 profiles
based on expression of transcription factor and cytokine

*Correspondence to: Lionel Apetoh; Email: lionel.apetoh@inserm fr; fghiringhelli@cgfl.fr

Submitted: 02/20/2015; Revised: 05/21/2015; Accepted: 05/22/2015
http://dx.doi.org/10.1080/2162402X.2015.1055444

www.tandfonline.com

Oncolmmunology

e1055444-1



*
A 1007 B 1001
o e ® HV :D ® Healthy breast
_ 80 '; :: o® ® Patients 80 ¥ ® Breasttumor
* ° Q—- = L]
- [} a % ‘ LTy - [}
> 607 . o ° —€ o 601
e ° L4 2 .‘ c * i
e “ ®e oo - *
2 404 S = E ]
o 1 ® ; ° o 40 L[]
o ° [ 4 . ® . ? .
& v = . ® o
204 o* o . . 204 g - %
% L] .
o s s $
o= T T ius '.L 0 ,.“ T ’. : .i a.
Thi Th2  Th17  Treg Th17 Thi Th2  Th17 Treg  Th17
cp2s™™ cp2s"" cp2s™" cpas™"
C  coazstienThit Tisg D CD25%sh Th17 T
: I i
24.5% ‘ 44.6%
|
[
£ £ g %‘
i o i LE\
cb4d ———> CD4 —m——>
ILA7A
15 *
—_ 101
E
1 -
£ 1.0
< os
% 06
= 04
0.2
0.0
CD25hieh Treg
Th17

Figure 1. Th17 cells accumulate in locally invasive breast cancer. (A) PBMCs

three independent experiments are shown (C-F). *p < 0.05

anti-CD45RA, anti-CCR6, anti-CCR4, anti-CXCR3, anti-CD25 antibodies and analyzed by flow cytometry. The frequency of memory CD4" (CD45RA™,
CD4") Th1 (CD25"", CCR6, CXCR3 ™), Th2 (CD25', CCR6 ™, CXCR3 ™, CCR4™), Th17 (CD25'°%, CCR6™, CXCR3 ), CD25"9" Th17 (CD25M9", CCR6 ™, CXCR3 ™)
and Treg (CD25"9", CCR6~, CXCR3™) cells is depicted. The data presented represent the analyses performed on 23 HVs and 13 breast cancer patients. (B)
CD4" lymphocytes from breast tumors (n =13) or normal breast tissue (n = 12) were analyzed as in (A). The frequency of memory CD4" T cells is
depicted. (C) Tumor infiltrating CD25"'9" Th17 cells and Treg cells were analyzed for IL-17 and RORyt expression by intracellular staining. Numbers beside
outlined areas indicate percent cells in gate. (D) Tumor infiltrating CD25™9" Th17 cells and Treg cells were analyzed for Foxp3 expression by intracellular
staining. Numbers beside outlined areas indicate percent cells in gate. (E) Tumor infiltrating CD25™9" Th17 and Treg cells sorted from breast tumors
were restimulated with anti-CD3 and anti-CD28 antibodies and IL-17A secretion was assessed by ELISA after 3 d. Representative data from one of at least

from HV or breast cancer patients (patients) were stained with anti-CD4 ™,

production (Fig. $2). In CD25"" population, we isolated
CCR6~ CXCR3", CCR6~ CXCR3~ CCR4" and CCR6*
CXCR3™ populations that respectively shared Thl, Th2 and
Th17 profiles (Fig. S2). We did not detect frequency variation of
memory helper CD4" T cell population in PBMCs (Fig. 1A).
We then analyzed the frequency of T helper cell populations in
12 samples of normal breast tissue and 13 breast tumors
(Table S1). We observed an enrichment of CD4™ T cell infiltra-
tion in tumor compared to non-tumor breast tissue. In addition,
we observed an accumulation of CD25"" expressing Th17 cells
in the tumor tissues in comparison to normal breast tissue
(Fig. 1B) or blood (Fig. S3). We confirmed that these CD25"igh
CCR6™ tumor-infiltrating cells are Th17 cells, as they express
RORyt and IL-17A (Fig. 1C). These cells also co-expressed
Foxp3, and are hereafter referred to as CD25M8" Th17 cells
(Fig. 1D). After restimulation CD25"8" Th17 cells but not Treg
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produce IL-17A (Fig. 1E). We confirmed that CD25"" Th17
cells from PBMCs produce and express other Th17 related cyto-
kines such as IL-17F, IL-21, IL-22, IL-10 and TNFa (Fig. S4).
Together, these data demonstrate a specific accumulation of
CD25"¢" Th17 cells in the tumor bed of human breast cancer.

CD25" Th17 cells express ectonucleotidases

We have tested the expression of ectonucleotidases in CD4"
memory subsets in PBMC from healthy volunteers (HV). We
observed that more than 50% of Foxp3™ Treg and CD25"¢"
Th17 cells but less than 15% of Th1, Th2 and CD25"" Th17
cells expressed CD39 (Figs. 2A, B). We also observed that
tumor-infiltrating Th17 cells expressed high levels of CD39
(Figs. 2C,D). CD73 expression could not be detected on Treg
and Th17 cells using flow cytometry, however immunofluores-

cence revealed its submembrane location on both cell types'>'
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Figure 2. For figure legend, see page 4.
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(Fig. 2E). Moreover, we confirmed that tumor-infiltrating
CD25"" Th17 cells express ectonucleotidases (Fig. 2F). We
confirmed CD73 expression on all activated CD4" T cell subsets
using q-PCR and Western Blotting (Figs. 2G, H). Together
these data indicate that human blood and tumor infiltrating

Th17 cells express CD39.

Human Th17 cells exert adenosine dependent suppression

The expression of CD39 and CD73 ectonucleotidases cata-
lyzes the transformation of extracellular ATP into adenosine,
which dampens T cell responses.'” Th17 cells had a nucleoside
triphosphate diphosphohydrolase activity comparable to Treg
cells (Fig. 3A). CD39 mAb blunted adenosine production by
both Th17 and Treg subsets (Fig. S5A). Adenosine requires
expression of its receptor on the target cell to mediate its effect.
We observed that human CD8" T cells and Th1 CD4" T cells
express selectively the A2A receptor (Fig. 3B). We observed that
CD25"#" Th17 cells decrease the ability of Th1 and CD8" T
cells to produce IFNy or TNFa in a dose dependent manner
(Figs. 3C, D). These cells exert comparable immunosuppressive
functions to Treg cells. However, we showed that CD25""
Th17 cells do not suppress IFNvy secretion (Fig. S5B). Impor-
tantly, we observed that the immunosuppressive effect of Th17
cells is decreased by the addition of CD39 blocking antibody or
A2A receptor inhibitor (Fig. 3E). We have tested additional
doses of the inhibitor A2A receptor inhibitor. While we noted a
dose-dependent effect, doses higher than 10pM fail to be more
efficient to revert the effect of CD25"8" Th17 cells (Fig. S5C).

Together these data demonstrate that Th17 cells suppressed
both CD8" and Th cell ability to produce IFNYy in an adeno-
sine and A2A receptor dependent manner.

Additionally we observed that CD4" TILs depleted from
CD25"%" Th17 are able to produce more IFNvy than total
CD4" TILs (Figs. 3F, G), confirming that tumor-infiltrating
CD25"%8" Th17 cells suppress T cell responses.

Th17 cell accumulation in breast cancer is due to both
proliferation and recruitment

Local accumulation of Th17 cells in breast tumor could be
due to their proliferation 77 situ or to their recruitment. We mea-
sured Ki67 expression in CD25"8" and CD25"" tumor infiltrat-
ing memory CD4™ T cells. Ki67 was shown to be expressed only
during the first 24h after TCR triggering.'® We observed a spe-
cific proliferation of CD25"¢" memory CD4™ T cells in tumor
bed compared to CD25"" tumor infiltrating memory T cells
and PBMCs memory T cells (Fig. 4A). Interestingly this

proliferation is specifically observed in the CD25"" Th17 cells
subset and not in Treg (Fig. 4B).

Th17 cells are characterized by the specific expression of
CCRG6,Y a receptor for the chemokine CCL20."® CCL20 expres-
sion at the tumor site could be involved in the accumulation of
Th17 cells. We obtained mRNA from 36 locally advanced breast
cancers (Table S2) and observed a strong correlation between
mRNA CCL20 expression in tumor bed and /L17 mRNA
expression (Fig. 4C). As a control, CCL22 expression which is
known to recruit Treg cells and CCLI9, which is known to
recruit CCR7™ T cells are not associated with 7Z77 mRNA and
protein expression (Fig. 4D). Together these data suggest that
CD25"#" Th17 cells accumulate in breast tumor because of both
recruitment via CCL20/CCR6 pathway and iz situ proliferation.

Ectonucleotidase expression on Th17 cells is driven
by tumor-derived TGF-$3 and IL-6

We previously reported in mouse models that EN7PDI and
NT5E (encoding CD39 and CD73 respectively) expression in
Th17 cells is due to the stimulation by TGF-f and IL-6, which
are frequently expressed in breast tumor tissue. We thus specu-
lated that after recruitment in the tumor bed via the CCR6/
CCL20 axis, Th17 cells could be locally stimulated to acquire
ectonucleotidase immunosuppressive functions.

Using a series of 36 locally advanced breast cancers we
observed a correlation between /Z77 mRNA expression in tumor
and ENTPDI and NT5E mRNA expression (Fig. 5A). In addi-
tion, we noted a correlation between RORC and 7L6 as well as
RORC and TGFbI expression (Fig. 5B), thus suggesting that
these two cytokines could are involved in accumulation of immu-
nosuppressive Th17 cells. In contrast, neither /L6 nor ENTPD1
and NT5E were correlated with FOXP3 expression (Fig. $6). We
cell sorted CD25'" Th17 from healthy donor PBMCs and stim-
ulated these cells with TCR triggering and TGF-f or IL-6 or the
combination of both cytokines. Using flow cytometry we found
that TCR triggering is sufficient to induce CD25 expression and
that TGF-B or the combination of TGF- and IL-6 induced
Foxp3 expression in Th17 cells (Fig. 5C). As a control, Treg cells
could not be differentiated into CD25"" Th17 cells by TGF-B
and IL-6 (Fig. 5D). TCR triggering induced CD25 and NT5E
but not ENTPDI mRNA expression. NT5E expression is
boosted by cytokine stimulation. In contrast, only cytokine stim-
ulation with TGF-B and IL-6 enhanced ENTPDI mRNA
expression (Fig. 5E). We observed that IL-17 secretion was
maintained in these conditions (Fig. 5F). As a control, TGF-f
or IL-6 or the combination of both cytokines did not enhance
ectonucleotidase expression in Treg cells (Fig. 5G). These data

of in vitro stimulation respectively.

Figure 2 (See previous page). Human CD25"9" Th17 cells express ectonucleotidases.Memory blood-derived (A, B) or breast-tumor infiltrating (C, D)
Th1, Th2, Th17 as well as CD25"9" Th17 and Tregs were analyzed for CD39 expression using flow cytometry (representative dot plot (A,C) and mean +
SD percentage of cells of 3 independent experiments (B, D). (E) Memory blood-derived Th1, Th2, Th17 as well as CD25M9" Th17 and Tregs were stained,
permeabilized and analyzed for CD39 and CD73 expression using immunofluorescence. Memory blood-derived Th1, Th2, Th17 as well as cD25"9" Th17
and Tregs were analyzed for CD73 expression using. (F) Breast tumor infiltrating Treg or Th17 CD25"9" lymphocytes were sorted out and restimulated
with anti-CD3 and anti-CD28 antibodies. After 3 d, Entpd1 and Nt5e expression were analyzed using immunofluorescence. (G) g-PCR (mean =+ SD per-
centage of cells of three independent experiments) and (H). Western blotting (One representative of three independent experiments) after 24 and 72 h
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Figure 3. CD25"9" Th17 cells exert adeno-
sine dependent suppressive functions. (A)
Blood-derived memory Th1, CD25"9" Th17
cells and Tregs were cocultured for 72 h
with 2 wM ATP. The concentration of aden-
osine in the supernatant was determined
by enzymatic assay.”” (B) Blood-derived
memory Th1 cells and CD8" T cells were
cell sorted using flow cytometry, reacti-
vated using anti-CD3 and anti-CD28. A7,
A2AR, A2BR and A3 mRNA expression level
was assessed after 72 h by RT-gPCR analy-
sis. CD25"9" Th17 cells or Tregs were cocul-
tured with (C) CD4™ or (D) CD8" T cells at
different ratios (1,00,000 Th1 or CD8™" T cells
to 20,000 (5:1), 10,000 (10:1) or 2,500 (25:1)
suppressive cells) for 3 d. IFNy and TNFa
secretion was assessed using ELISA. (E)
Same as in (C) and (D) using neutralizing
anti-CD39 antibody or an adenosine A,a
receptor inhibitor ANR 94. (F) Breast tumor
infiltrating lymphocytes (TILs) were sorted
out and either total CD4" TILs or TILs
depleted from immunosuppressive popula-
tions (Treg or Th17 CD25"9" cells) were
restimulated with anti-CD3 and anti-CD28
antibodies for 3 d. IFNy secretion was
assessed by ELISA and IFNy expression was
analyzed by RT-gPCR (G) same as in (F) but
IFN+y secretion was assessed by intracellular
staining 3. Data are mean +SD of three
independent experiments. *p < 0.05.

suggest that tumor production of TGE-
B and IL-6 could promote differentia-
tion of conventional Th17 cells into
CD25"&" Th17 cells that expressed

CD39 and CD73.

IL-17-infiltrating cells drive
immunosuppression in human breast
cancer

We evaluated the functional charac-
teristics of immune cell infiltrates using
low array immune gene expression in
our series of 36 patients with local
breast cancer. In this population we per-
formed IL-17 immunohistochemistry
and observed that 15 tumors are highly
infilerated by TL-177 cells, and 21 were
poorly infiltrated by IL-17" cells. Upon
gene expression we observed that gene
related to the Th17 cluster (IL17, IL21,
RORC, TNFOL) and CD39 were significantly overexpressed
among IL- 17" tumors (Fig. 6A), thus demonstrated that IL-17
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labeling is a valuable surrogate marker of Th17 infiltration.

To test the global immune response, we constructed a corre-
lation matrix for that we submitted to hierarchical clustering.
We determined two major clusters of genes displaying similar
correlation profile. One cluster contained genes coregulated
with CD3e (black rectangle) and associated with T cell density.

www.tandfonline.com

The other one contained genes coregulated with CD33 (red
rectangle) and associated with myeloid derived suppressor cells
(MDSC) infiltration and immune suppression (Fig. S7A). We
performed analysis using ClueGO software to determine inter-
connection between each gene clusters. We identified a network
of intercorrelated genes associated with a coordinated CD4™"
and CD8" T cell response associated with a Th17 immune
response (Fig. S7B). Together these data underscore that in
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Figure 4. Th17 cell accumulation in breast cancer is due to both proliferation and recruitment. (A) Ki67 expression in CD25"9" and CD25'°" tumor-infil-
trating memory CD4" T cells was determined by flow cytometry using intracellular staining. (B) Ki67 expression was determined as in (A) in CD25"9"
Th17 and Tregs. Representative data from one of three experiments are shown. mRNA was extracted from 36 breast cancer tumor samples and the
expression of IL17, CCL19, CCL20 and CCL22 was determined using RT-qPCR. The correlation between (C) /L77 and CCL20 as well as (D) IL17 and CCL19 or

breast cancer a coordinated immune response is present with a
T cell immune response drift toward Th17 polarization in asso-
ciation with a myeloid immunosuppressive pathway.

In a retrospective series of 145 patients with node positive
breast cancer homogenously treated by surgery followed by
anthracycline-based adjuvant chemotherapy (Table S3), we
quantified by immunohistochemistry stromal and tumor nest
CD8" and IL-17" cells. We then separated patients into two
groups (high vs. low), using median as a cut-off for each marker
(Fig. 6B). We observed that only high stromal TL-177 cells were
significantly associated with poor relapse-free survival (RES) and
overall survival (OS) in both univariate and multivariate models
(Fig. 6C and Tables S4 and S5). Upon testing the prognostic
role of CD8" cells in the two IL-17 groups we observed no
imbalance between prognosis factors (Table S6). High infiltra-
tion in CD8™ cells is associated with a better survival only in the
group of low IL-177 infiltrates (Fig. 6D). Taken together, these
data suggest that Th17 presence in human breast cancer is associ-
ated with ectonucleotidase expression, and with poorer outcome.

Discussion
Tumor-infiltrating lymphocytes (TILs) have been shown to

profoundly affect breast cancer prognosis. However, the nature
and functions of TILs in breast cancer microenvironment

e1055444-6
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remains incompletely defined. Here, we found that CD25"¢"

Th17 cells accumulated in human breast cancer. These cells
express CD39 and CD73 and suppress CD4" and CD8" T cell
activation through adenosine release. Breast cancer patients fea-
turing high IL-177 cell infiltration had a poor clinical prognosis;
even in case of a high CD8' T cell infiltration. These novel
human data underscore the clinical relevance of this immunosup-
pressive pathway in breast cancer.

In contrast to the well-defined contributions of the effector T
cells in breast cancer, the role of Th17 cells in this disease remains
elusive. Tumor infiltration by IL-17-producing cells has been pro-
posed to be a negative prognostic factor,'” suggesting that Th17 cells
may be detrimental in this context. However, the underlying biolog-
ical mechanisms have not yet been reported. In breast cancer,
CCRG™ Foxp3™ cells were proposed to dampen CD8™ T cell acti-
vation, leading to poorer clinical prognosis.20 However, whether
these cells presented Th17 cell features was unclear, and the immune
suppression mechanism was not documented. Our findings here
revealed that in the breast tumor microenvironment, CD25"8"
Th17 cells that expressed both Foxp3 and RORc are Th17 cells
characterized by their ability to express Th17 cytokines, but are also
immunosuppressive cells that contribute to tumor escape.

We had previously reported that mouse Th17 cells could harbor
immunosuppressive functions that relied primarily on their expres-
sion of ectonucleotidases.* The expression of the ectonucleotidases
CD39 and CD73 allow the conversion of ATP into adenosine,

Volume 5 Issue 1
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which dampens T cell activation through binding to A2A recep-
tors. Unlike effector T cells, Treg express high levels of CD39,
which contributes to immune suppression. Our findings here
report for the first time in breast cancer the existence of ectonucleo-
tidase-expressing CD25"8" Th17 cells. These cells expressed
CD39 and CD73 ectonucleotidases at comparable levels to Treg
cells. Interestingly, in ulcerative colitis, CD39 expression was simi-
larly found comparable between immunosuppressive Foxp3™
Th17 cells and bona fide Treg from patients, confirming the ability
of CD25"&" Th17 cells to suppress immune activation in various
However, as effector Thl cells or CD8" T cells
expressed CD73 (Fig. 2E and data not shown) we cannot exclude
a possible cooperation between CD25"8" Th17 cells and effector
cells to induce adenosine production.

Our findings indicating the predominance of CD25"¢" Th17
cells over Treg in the breast cancer tumor microenvironment sug-

gest that these cells primarily drive immune suppression at the
high

21
contexts.

tumor site. In addition our observations indicate that CD25
Th17 cells are able to proliferate at the tumor site, and are
recruited via the CCR6/CCL20 axis. In addition, we identified
here that TGF- and IL-6 favor the conversion of conventional
CCRG6" peripheral Th17 into CD25"8" immunosuppressive
Th17 cells. Together these results support the hypothesis that
CD25"Y CCR6™ peripheral Th17 cells could be recruited in the
tumor bed by CCL20, and then activated by local antigen stimu-
lation, thus suggesting local priming and a coordinated Th17
derived immune response. While the ability of Treg to differenti-
ate into Th17 cells in proinflammatory environments has been
thoroughly studied,** the conversion of conventional Th17 cells
into suppressive Th17 has not been yet explored, and the influ-
ence of the tumor microenvironment on Th17 cells remains
incompletely understood.

The prognostic value of CD8" and Treg tumor infiltration
has been established in large cohorts of breast cancer
patients.”>** Our retrospective analysis of CD8" and IL17"
breast cancer infiltration by immunohistochemistry indicates that
the combined analysis of these two cell populations refines breast
cancer patient’s prognosis. The observation that high CD8* T
cell infiltration is associated with favorable outcome only in the
presence of low associated-IL-177" cell infiltration further sug-
gests an important immunosuppressive role of CD39-expressing
Th17 cells on CD8" dependent breast anticancer immunity.

These results also support the use of therapies designed to neu-
tralize ectonucleotidases in breast cancer.

Materials and Methods

Patients and healthy donors

Between January, 2013 and December 2013, we collected
PBMCs and tumor samples from patients with breast cancer in
the Centre Georges Frangois Leclerc. The study group (n = 14)
comprised patients who underwent surgery for an invasive ductal
non-metastatic breast carcinoma. The control group (n = 23)
consisted of sex and age matched HV. Tumor stage was deter-
mined according to the 2002 International Union against Cancer
TNM classification system. All patients gave informed consent
approved by the local Ethics Committee. Review of pathology
reports confirmed the diagnosis. Information regarding clinical
pathological characters of patients is presented in Table S1.

Cohort 1: We retrospectively studied frozen cancer-tissue
specimens from 36 consecutive patients who underwent surgery
for an invasive ductal non-metastatic breast carcinoma at the
Georges Francois Leclerc Cancer Centre, Dijon France from Jan-
uary 2010 to June 2010.

A second cohort of 145 consecutive patients, treated by sur-
gery and adjuvant therapy by anthracycline-based chemotherapy
for HER2-negative invasive ductal non-metastatic breast carci-
noma between 2002 and 2004 at the Georges Francois Leclerc
Cancer Centre. The study was approved by the ethical local com-
mittee, and patients gave written informed consent for the use of
samples from their tumors for future investigations at the time of
the diagnosis. Histoprognostic grade was defined according to
the modified Bloom and Richardson method. The steroid hor-
mone receptor status was determined using enzyme immunoas-
says (Abbott Diagnostics, Rungis, France).

T cell isolation from tumors

Tumors were removed aseptically and minced with scissors into
1-2 mm” pieces. The minced tumors were then stirred in 40 mL
complete RPMI 1640 containing 40 mg collagenase, type IV
(Sigma), 4 mg deoxyribonuclease (Sigma) for 3 h at room temper-
ature. The tumor cell suspension was filtered through a nylon-
mesh screen with pores of 50 wm to remove cell clumps, and the

Figure 5 (See previous page). Th17 cell ectonucleotidase expression is driven by tumor-derived TGF-f and IL-6. (A) mRNA was extracted from 36 breast
cancer tumor samples and the expression of IL17, ENTPD1 and NT5E was determined using RT-qPCR. The correlation between IL17 and ENTPD1 as well as
IL17 and NT5E expression was determined using RT-qPCR. (B) mRNA was extracted from 36 breast cancer tumor samples and the expression of RORC,
TGFb1 and IL6 was determined using RT-gPCR. The correlation between RORC and TGFb1 as well as RORC and IL6 expression was determined using RT-
gPCR. (C) CD25"" memory Th17 cells were cell sorted from PBMCs and restimulated with anti-CD3 and anti-CD28 antibodies for 3 d in the presence of
TGF-B, IL-6 or TGF-B and IL-6. After 3 d, the expression of CD25 and FOXP3 were determined by flow cytometry. Representative data from one of three
independent experiments are shown. (D) Tregs were cell sorted from PBMCs and restimulated with anti-CD3 and anti-CD28 antibodies for 3 d in the pres-
ence of TGF-B and IL-6. After 3 d, the expression of CD25, FOXP3 and RORC were determined by flow cytometry. Representative data from one of three
independent experiments are shown. (E) CD25"9" memory Th17 cells were cell sorted from PBMCs and restimulated with anti-CD3 and anti-CD28 anti-
bodies for 3 d in the presence of TGF-B, IL-6 or TGF-B and IL-6. After 3 d, mRNA was extracted and the expression of CD25 (left panel), NT5E (middle
panel) and ENTPD1 (right panel), was determined. (F) CD25'°" memory Th17 cells were cell sorted from PBMCs and were restimulated with anti-CD3 and
anti-CD28 antibodies for 3 d in the presence of TGF-B, IL-6 or TGF-8 and IL-6. After 3 d, IL-17A secretion was assessed by ELISA. ***p <0.001.(G) Treg
were cell sorted from PBMCs and restimulated with anti-CD3 and anti-CD28 antibodies for 3 d in the presence of TGF-f (left panel), IL-6 (middle panel)
or TGF-B and IL-6(right panel). After 3 d, mRNA was extracted and the expression of ENTPD1, NT5E, RORC, IL17 and FOXP3 was determined. Th17 cells
were used as control. Data are mean =+ SD of two independent experiments (E, F). * p < 0.05 (unless otherwise indicated).
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Figure 6. IL-17-infiltrating cells drive
immunosuppression in human breast can- A
cer/IL-17-infiltrating cells negatively affect
human breast cancer prognosis. (A) IL-17
expression in 36 breast cancer tumor sam-
ples was determined by immunohis-
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tochemistry (IHC). Samples were then
classified as IL-17"9" and IL-17'°" based
on IHC results and the expression of IL17,
ENTPD1, IL21, RORC and TNFA was deter-
mined using RT-gPCR. (B) Representative
picture of IL-17+ staining of breast tumor
using immunhistochemistry. We represent
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Suppression assays

To test CD4" CD25"¢" Th17 cell suppressive activity, 10°
Thl or CD8" T cells were activated with 2 pg/mL anti-CD3
(BioXcell) and anti-CD28 (BioXcell) as effector cells and cocul-
tured with or without Treg or CD4™ CD25"8" Th17 cells at
ratios of 5:1, 10:1 and 25:1 for 72 h in complete medium
(XVivo 15, gibco). IFNa and TNFa secretion was assessed sub-
sequently after 3 d. In some experiments, an anti-CD39 antibody

(Al, 10 pmg/mL, AbD serotec) or an adenosine A,s receptor
inhibitor ANR94 (10 pmol/L) was added.

Quantification of adenosine levels

Adenosine levels were assessed as previously described.”
Briefly, 30 p.L of conditioned medium after reactivation of dif-
ferent CD4™ T cell subsets were transferred into separate wells in
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96-well microplates containing combinations of the following
enzymes in a final volume of 170 pL buffer: 0.3 U/mL adeno-
sine deaminase (type IX from bovine spleen), 0.25 U/mL bacte-
rial purine nucleoside phosphorylase and 0.15 U/mL microbial
xanthine oxidase (all from Sigma). After 20 min at room temper-
ature, 30 nL of H,O,-detecting mixture containing HRP (1 U/
mlL, Invitrogen, Molecular Probes) and Amplex Red reagent
(60 uM, Invitrogen, Molecular Probes) was added to the micro-
wells, followed by measurement of the fluorescence intensity at
the emission and excitation wavelengths of 545 and 590 nm,
respectively. Two different enzymatic cocktails were used: mix A
containing the complete enzymatic cascade and mix B containing
the same mixture without adenosine deaminase. For adenosine
sensing, the background fluorescence determined in the absence
of adenosine deaminase (mix B) has been substracted from the
fluorescence in well containing the complete adenosine-convert-
ing cascade.

Flow cytometry

Antibodies anti-CXCR3 (G025H7), anti-CCR6 (GO034E3),
anti-CCR4 (TG6), anti-CD25 (BC96), anti CD45RA (HI100)
and anti-CD4" (OKT4) were purchased from Biolegend. All
events were acquired by a BD LSR-II cytometer equipped with
BD FACSDiva software (BD Biosciences) and data were ana-
lyzed using FlowJo software (Tree Star, Ashland, Oregon).

Measurement of cytokines

Cell culture supernatants were assayed by ELISA for human
IFNv, IL-4, IL-10, IL-17A, IL-17F, 1L-21, IL-22 and TNF-a
(Biolegend, St Quentin, France) according to manufacturer’s
protocol.

For intracellular cytokine staining, cells were stimulated for
4 h at 37°C in culture medium containing PMA (50 ng/mL;
Sigma-Aldrich), ionomycin (1 wg/mL; Sigma-Aldrich) and mon-
ensin (GolgiStop; 1 wl/mL; BD Biosciences). After staining for
surface markers and 7-Amino-Actinomycin D (7-AAD) to
exclude dead cells, cells were fixed and permeabilized according
to the manufacturer’s instructions (Cytofix/Cytoperm kit, BD
Biosciences), then stained for intracellular products. Antibodies
used for intracellular staining were as follows: Allophycocyanin-
conjugated ant-RORyt (REA278, Miltenyi), phycoerythrin
(PE)-conjugated anti-Foxp3 (PCH101, eBioscience) or PE-con-
jugated anti-RORyt (Miltenyi) or Brilliant Violet 421-conju-
gated anti-IL-17A (eBio64DEC17, eBioscience).

Real-time quantitative PCR

Total RNA from T cells was extracted with TriReagent
(Ambion), reverse transcribed using M-MLV Reverse Transcrip-
tase (Invitrogen) and was analyzed by real-time quantitative PCR
(RT-qPCR) with the Sybr Green method according to the man-
ufacturer’s instructions using the 7,500 Fast Real Time PCR sys-
tem (Applied Biosystems). Expression was normalized to the
expression of human ACTB. Primers designed to assess gene
expression are as reported in Table S1.
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Western blotting

Purified naive T cells were differentiated for 72 h into Thl,
Th2, Th17, Treg or CD25"¢" Th17 cells, then collected and pel-
leted by centrifugation (5 min, 1,500 x g). Cells were lysed in
boiling buffer [1% SDS, 1 mmoL/L sodium orthovanadate, and
10 mmoL/L Tris (pH 7.4)] containing protease inhibitor cocktail
for 20 min at 4°C. Cell lysates were subjected to sonication (10 s
at 10%) and protein concentrations were assessed using a Bio-
Rad DC Protein Assay Kit. Proteins were then denaturated,
loaded, and separated by SDS-PAGE and transferred onto nitro-
cellulose membranes (Schleicher & Schuell). After blockade of
nonspecific binding with 5% bovine serum albumin (BSA) in
Tris-buffered saline containing 0.1% tween 20 (TBST), mem-
branes were incubated overnight with primary antibody diluted
in TBST containing 1% BSA, washed and incubated for 1 h
with secondary antibody diluted in TBST—1% BSA. After addi-
tional washes, membranes were incubated with Luminol reagent
(Santa Cruz Biotechnology) and exposed to X-ray films. The fol-
lowing human monoclonal antibody was used: anti-CD73
(NBP1-85740, Novus).

Immunohistochemical labeling

Immunohistochemistry used monoclonal antibodies against
the T-cell marker CD8" (Dako, Trappes, France), and IL-17
(Santa Cruz Biotechnology, Santa Cruz, USA). Antigen retrieval
was carried out by heating slides for 15 min at 95°C in 1 mmoL/
| EDTA. Labeling was detected using the Dako Envision system
(Dako). The stained arrays were counterstained with haematoxy-
lin and mounted in Aquamount (Dako). Positive and negative
staining controls were carried out with paraffin tonsil sections
using IL-17 and CD8"% monoclonal antibody and an isotype-
matched negative control antibody.

Levels of lymphocytic infiltration were evaluated by two inde-
pendent physicians (FG and SL). All samples were previously
anonymized and blinded to the clinicopathological data. On the
slide, the number of stained cells was analyzed by enumeration of
positive cells in three high-power fields (40x) in the adjacent
stromal area and in the tumor bed. The mean count of the three
fields was used for statistical analysis. The results of the analyses
conducted by each independent pathologist were subsequently
compared. Discrepancies between the two observers were
reviewed jointly to reach a consensus when the mean count differ
from more than 1%. The kappa coefficient of correlation
between the observers was 95%.

Immunofluorescence microscopy

Double immunofluorescence staining was performed for
CD39 and CD73 markers. The following primary antibodies
were used: mouse anti-CD39 (Abcam) and rabbit anti-CD73
(Novus). Secondary antibodies were a goat anti-rabbit Alexa
Fluor 488 (A11034, Invitrogen) and a donkey anti-mouse
Alexa Fluor 564(A10037, Invitrogen). Images were acquired
using a Z-stac acquisition (x63) (Axiolmager M2, Zeiss,
Germany).
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Cluego analysis

To further understand the biological relevance of the hub
genes and their regulators in breast tumor, we performed func-
tional enrichment analysis using ClueGO.?® ClueGO facilitates
the visualization of functionally related genes displayed as a clus-
tered network and chart. The statistical test used for the enrich-
ment was based on right-sided hypergeometric option with a
Benjamini-Hochberg correction and kappa score of 0.3.

Correlation matrix analysis

Correlations were performed using the Spearman test. Corre-
lation matrix was represented using Treeview viewer. Unsuper-
vised hierarchical clustering of samples was performed by using
Gene Cluster 3.0 software. The hierarchical clustering was per-
formed using Euclidean distance measure and complete linkage
analysis. Positive correlation appears in red and negative correla-
tion in green.

Statistical analyses

Statistical analysis was performed using Prism software
(Graph Pad software, La Jolla, CA, USA) for biological studies.
For the analysis of experimental data, comparison of continuous
data was achieved by the Mann—Whitney U test and comparison
of categorical data by Fisher’s exact test, as appropriate. All p val-
ues are two tailed. P values < 0.05 were considered significant.
Data are represented as mean £ SD.

Regarding the analysis of clinical data, patient or disease char-
acteristics were examined using the x> test or Fisher’s exact test
for qualitative variables, and the Student # or Mann—Whitney
tests for continuous variables, as appropriate. All patients were
followed up until death or the end of data recording (September
Ist, 2014). OS was calculated from the date of diagnosis until
the date of death (all causes). Alive patients were censored at the
last follow-up. RFS was calculated from the date of diagnosis
until the date of relapse (local or metastatic). Alive or dead
patients without relapse were censored at the last follow-up. Fol-
low-up was calculated using the reverse Kaplan—Meier method.
OS and RES probabilities were estimated using the Kaplan—
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