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ABSTRACT

Objective Pancreatic ductal adenocarcinoma (PDAC)

is characterised by an abundant desmoplastic stroma
composed of cancer-associated fibroblasts (CAF) and
interspersed immune cells. A non-canonical CD8*

T-cell subpopulation producing IL-17A (Tc17) promotes
autoimmunity and has been identified in tumours. Here, we
evaluated the Tc17 role in PDAC.

Design Infiltration of Tc17 cells in PDAC tissue was
correlated with patient overall survival and tumour stage.
Wild-type (WT) or //17ra” quiescent pancreatic stellate cells
(gPSC) were exposed to conditional media obtained from
Tc17 cells (Tc17-CM); moreover, co-culture of Tc17-CM-
induced inflammatory (i))CAF (Tc17-iCAF) with tumour
cells was performed. IL-17A/F-, IL-17RA-, RAG1-deficient
and Foxn7™™ mice were used to study the Tc17 role in
subcutaneous and orthotopic PDAC mouse models.
Results Increased abundance of Tc17 cells highly
correlated with reduced survival and advanced tumour
stage in PDAC. Tc17-CM induced iCAF differentiation

as assessed by the expression of iCAF-associated genes
via synergism of IL-17A and TNF. Accordingly, IL-17RA
controlled the responsiveness of gPSC to Tc17-CM.
Pancreatic tumour cells co-cultured with Tc17-iCAF
displayed enhanced proliferation and increased expression
of genes implicated in proliferation, metabolism and
protection from apoptosis. Tc17-iCAF accelerated growth of
mouse and human tumours in Rag 7™ and Foxn1™™ mice,
respectively. Finally, //77ra-expressed by fibroblasts was
required for Tc17-driven tumour growth in vivo.
Conclusions We identified Tc17 as a novel
protumourigenic CD8" T-cell subtype in PDAC, which
accelerated tumour growth via IL-17RA-dependent stroma
modification. We described a crosstalk between three cell
types, Tc17, fibroblasts and tumour cells, promoting PDAC
progression, which resulted in poor prognosis for patients.

INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) belongs
to the deadliest solid malignancies, with a 5-year

WHAT IS ALREADY KNOWN ON THIS TOPIC

= (D8" T-cell enrichment is beneficial against
pancreatic ductal adenocarcinoma (PDAC).

= Interleukin 17A promotes early pancreatic
cancer development.

= IL-17A alters stroma in PDAC mouse models.

WHAT THIS STUDY ADDS

= Enrichment of Tc17 cells significantly associates
with shorter overall survival in PDAC.

= Tc17-cell frequency correlates with tumour size
and with advanced tumour stage in PDAC.

= Tc17- but not Th17-cell prevalence is a
prognostic marker for PDAC.

= Tc17 cells via synergism of IL-17A and TNF
induce inflammatory cancer-associated
fibroblasts (iCAF).

= Tc17-induced iCAF (Tc17-iCAF) promote
pancreatic cancer growth in vivo.

= Tc17-iCAF change the transcriptional profile
of pancreatic cancer cells towards increased
proliferation, signal transduction and
metabolism.

= IL-17RA-sufficient CAF mediate Tc17-driven
pancreatic tumour growth in vivo.

overall survival (OS) rate of approximately 9%."
Abundant desmoplastic stroma consisting of cancer-
associated fibroblasts (CAFs) and immune cells,
which constitute an inflammatory environment,
supports the progression, heterogeneity and drug
resistance in PDAC.? CAF strongly influence tumour
microenvironment (TME) through synthesis and
remodelling of the extracellular matrix (ECM),
and through production of factors, which direct
cell infiltration and function.> Depending on the
subtype, CAFs are suggested to either promote
or inhibit PDAC progression. CAF expressing
o-smooth muscle actin (aSMA encoded by Acta2)
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HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= Tc17 cells may function as a biomarker for the prognosis of
PDAC patients.

= Tc17 cells may be suitable as a therapeutic target in PDAC.

= Combination of anti-IL-17A and anti-TNF therapy to block
Tc17 effects on stroma may have an antitumour effect in the
adjuvant therapy setting.

= Combining anti-IL-17A plus anti-TNF therapy with inhibition
of tumour cell metabolism may be suitable to target
induction of iCAF and tumour metabolism, respectively.

= Assessing the frequency of Tc17 cells within the CD8* T cell
pool may serve to stratify patients for checkpoint inhibitor

therapy.

are termed myofibroblastic CAF (myCAF) and can exhibit a
tumour-restricting or tumour-promoting function, dependent on
the phenotype.** TGFp produced by tumour cells, myeloid cells
and regulatory T cells (Treg) drives myCAF differentiation.* ¢”
Genetic depletion of Treg led to an accelerated tumour progres-
sion and differentiation of inflammatory CAF (iCAF) as well as
myeloid cell infiltration in a mouse model of PDAC.” Thus, iCAF
differentiation is directed by tumour-secreted ligands including
IL-1 and TNEF, which are characterised by inflammatory gene
expression, the marker Ly6c and a PDAC-promoting func-
tion.*¢®

IL-17A signals through the receptor (IL-17R) consisting of the
specific IL-17RC and the common IL-17RA chains as a homod-
imer or IL-17A/F as heterodimer. Likewise, IL-17F homodimers
bind to the same receptor, however, induce signalling with a
lower potency.” In non-haematopoietic cells, IL-17A induces
production of CXCL1, CXCL2, CXCL8, IL-6 and G-CSF,
which drive myeloid cell infiltration.'® In the context of PDAC,
IL-17A supports early carcinogenesis (pancreatic intraepithe-
lial neoplasia, PanIN),!* 12 regulates PDAC stem cell features,
promotes tumour growth'* > and mediates resistance to check-
point inhibitors via induction of neutrophil extracellular traps.®
Furthermore, it has recently been shown that IL-17A modulates
CAF transcriptome in Kras"SUC120 s Trp§3LSLRI72H% py1_ Cre
(KPC)-driven tumours.'”

IL-17A can be produced by different lymphocyte popu-
lations including adaptive CD4" and CD8" T cells, termed
Th17 and Tc17 cells, respectively, but also by innate lympho-
cytes (ILC)." In contrast to conventional IFNy-producing and
TNF-producing CD8" cytotoxic T lymphocytes (CTL), Tc17
cells are non-cytotoxic; they express the transcription factor
RORyt and produce IL-17A/F and, to a lesser extent [FNy, TNF,
IL-21." Tc17 cells play an important role in tissue homoeostasis
and protection from infections.”” ** During chronic inflam-
mation, including autoimmunity of the skin (psoriasis)*' ** or
the central nervous system (multiple sclerosis),”® * Tc17 cells
display a disease-promoting function. Likewise, in cancers of
the gastrointestinal-tract, Tc17 cells are linked to poor survival
suggesting a pathogenic contribution.”~*’However, a subpopu-
lation of Tc17/IFNy+ cells, displayed anti-glioma activity and
cytotoxicity on IL-12 treatment.”® 2 In PDAC, Tc17 presence
and function has not been described so far.

Here, we provide data pointing to Tc17 as a new pathogenic
cell population in the pancreatic TME, responsible for hitherto
unknown stroma-modulating mechanisms that accelerates PDAC
growth in mouse models and most likely in patients.

MATERIALS AND METHODS
Detailed methods are described in online supplemental
information.

RESULTS

Increased Tc17 cell frequency correlates with advanced
tumour stage and poor survival in PDAC

To evaluate the potential role of Tc17 cells in PDAC, we collected
pancreatic tissue from 112 patients (online supplemental table
1) and identified the presence of two Tc17 markers, RORYt or
IL-17A, within infiltrating CD8" cells (figure 1A,D, online supple-
mental figure 1A,B). Analysis of RORyt" or IL-17A" CD8™ T-cells
revealed a highly significant correlation between their enrichment
and shorter OS (figure 1B,E). Increased Tc17 abundance was signifi-
cantly associated with tumour size, lymph node metastases (N*)
and advanced tumour stage (UICCIII/IV), but not with histological
grading (figure 1C, online supplemental figure 1C-E). A strong
correlation was found between frequencies of CDS"RORyt* and
CDS8'IL-17A" cells, underscoring reliability of the Tc17 detection
(figure 1F). Furthermore, enrichment in single-positive IL-17A"-
cells associated with shorter OS, and IL-17A* cells correlated with
Tcl7 prevalence, indicating Tc17 contribution to IL-17A-mediated
PDAC progression (online supplemental figure 1F-H). Finally,
increased Tc17 abundance in PDAC in comparison to adjacent non-
neoplastic tissue was detected using flow cytometry (online supple-
mental figure 1L,]).

Consistent with previous reports, enhanced accumula-
tion of total CD8™ T cells, associated with longer OS (figure 1G),
confirming their favourable role in PDAC. A high ratio of Tc17
to total CD8* T cells correlated with a shorter OS (figure 1H,1),
indicating an overriding protumourigenic Tc17 effect. Multivariate
Cox-regression analysis confirmed Tc17 frequency as an indepen-
dent prognostic marker for PDAC (online supplemental tables 2 and
3).

Interestingly, increased accumulation of Th17 cells (CD4 "RORyt ™,
(online supplemental figure 2A) failed to correlate with shorter OS,
tumour size, lymph node metastases, or tumour-grading, but it
associated with advanced PDAC stage (online supplemental figure
2B-D). Th17 outnumbered Tc17 cells and the frequencies of both
populations moderately correlated in tumour tissues (online supple-
mental figure 2E-G). Multivariate Cox-regression analysis further
confirmed the prevalence of Tc17, but not of Th17, as a prognostic
marker for PDAC (online supplemental tables 4-6).

Recent transcriptome analysis in PDAC identified two major
subtypes termed ‘classical’ and ‘basal-like’, with a prolonged and a
shorter OS, respectively.®® ** To evaluate, whether presence of Tc17
cells associates with the PDAC subtype, we stained tumour tissues
for GATA6 and cytokeratin 5 (CKS5) as surrogate markers for the
‘classical’ and ‘basal-like’ subtype, respectively.”® Although GATA6
and CK35 expression was moderately inverse, they failed to correlate
with OS and, consequently with Tc17 abundance in the PDAC
tissues (online supplemental figure 3A-D).

Next, we examined Tc17 presence in KPC mice, and in a subcu-
taneous model applying murine pancreatic tumour cells expressing
a model antigen ovalbumin (Panc®*?). We found an infiltration of
Tc17 cells in both KPC-derived and Panc®"*-derived PDAC tumours
(online supplemental figure 3E-T).

Taken together, in contrast to total CD8" T cells or Th17
cells, enrichment of Tc17 cells strongly associates with shorter
OS and is an independent prognostic marker for PDAC. More-
over, Tc17 correlate with advanced tumour stage, increased
tumour size, and metastases, suggesting their involvement in
disease aggressiveness.
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Figure 1

Increased Tc17 infiltration associates with shorter survival in PDAC. (A) Double immunostaining of PDAC tissue sections using antibodies

against CD8a. (green) and RORyt (brown), scale bar 100 ym. (B) Kaplan-Meier curve of overall survival (survival %) of patients with surgically resected
PDAC showing<6/mm? vs >6/mm? CD8* RORyt" cell infiltation (n=71, p values determined by log-rank test). (C) CD8* RORyt" cell frequency per mm?

in T1/2 vs T3/T4 tumours (n=105), in tumours <4 cm vs

>4.cm (n=105), No vs n+tumours (n=109) and UICC stage I/Il vs IlI/IV (n=106). Box-plots

depict the lower and upper adjacent values (whiskers) and the upper and lower quartiles (top and bottom edges of the box). Horizontal lines inside
boxes indicate median, p values determined by Mann-Whitney U test. Each dot represents one individual. (D) Triple immunostaining of PDAC tissue
for CD80, IL-17A, and alpha—smooth muscle actin (SMA). Left, PDAC tissue areas are denoted with single-positive IL-17A* cells (brown), single-
positive CD8* cells (magenta), double-positive CD8*IL-17A* (magenta-brown) and single-positive aSMA™ cells (green), scale bar 200 pm. Right, image
magnification of cells highlighted in the left panel, scale bar 20 um. (E) Kaplan-Meier curve of overall survival (survival %) of patients with surgically
resected PDAC showing <5/mm? vs >5/mm?” CD8" IL-17A" cell infiltration (n=71, p values determined by log-rank test). (F) Linear regression analysis
of CD8*RORYt* vs CD8*IL-17A* cell frequencies in PDAC tissue. Linear regression line, Spearman’s correlation coefficient rho, and respective p value is
shown in the plot (n=111). (G-I) Kaplan-Meier curves of overall survival (survival %) of patients with surgically resected PDAC showing <38/mm? vs
>38/mm? single-positive CD8" cell infiltration (G), intratumoural CD8*IL-17A*/CD8 ratios * <0.13 vs >0.13 (H) and intratumoural CD8*RORyt */CD8*
ratios <0.15 vs >0.15 () (n=71, p values determined by log-rank test). PDAC, pancreatic ductal adenocarcinoma.
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Figure 2 Tc17 cells enhance pancreatic tumour growth in vivo. (A) Purified CD8* T cells isolated from CD45.2*0T-I mice were stimulated with anti-
CD3/CD28 antibodies in the presence of TGFB+IL-6 (Tc17) or IL-12+IL-2 (CTL) for 4 days. Differentiation was confirmed by intracellular staining for
IL-17A and IFNy and subsequent FACS analysis. Representative FACS plots are shown. (B) Scheme of experimental design. Congenic CD45.2" mice
were subcutaneously (s.c.) injected with 10® Panc®* cells. After 5 days, tumour-bearing mice were injected intraperitoneally (i.p.) with 10° Tc17 or CTLs
obtained from CD45.2*0T-I mice or with PBS (no transfer). The analysis was performed at the indicated end of the experiment. (C) Tumour-growth
curve of subcutaneous tumours is shown (tumour volume in mm?> (mean=SE, n=5-7 mice). *p<0.05 indicates the tumour volume comparisons
between mice without transfer and mice with Tc17 or CTL transfer. (D) FACS analysis of IL-17A and IFNy production after restimulation of tumour
single-cell suspensions with PMA/lonomycin in the presence of brefeldin A for 5hours. Data from endogenous CD45.2" or transferred CD45.2* CD8* T
cells. Left, representative FACS plots are shown. Right, quantification of the frequency of IL-17A* (top) or IFNy" (bottom) among endogenous (CD45.2°
) or transferred (CD45.2%) CD8* T cells with or without Tc17 transfer (n=4-5 tumours). (E) Quantification of cytokines (ng/mL) produced by in vitro
differentiated Tc17 cells after restimulation with plate-bound anti-CD3 antibodies for 24 hours (n=5). (F) Top, scheme of the experimental design
showing the relative titre of tumour cells cultured for 36 hours with Tc17 cells generated from WT CD8" T cells or with Tc17-conditional media (Tc17-
CM). Tc17-CM were obtained after restimulation of differentiated Tc17 cells with plate-bound anti-CD3 for 24 hours. Bottom, the tumour-cell titre
was obtained from Panc® or KPC cells tagged with firefly luciferase (Panc®Y#*, KPC') and assessed as fold of luciferase activity, normalised to the
control (0% FCS), which was arbitrarily set to 1. Tumour cells were cultured alone in 0% FCS (control) or 2% FCS (2% FCS), or in 2% FCS containing
IL-17A (IL-17A), Tc17-CM (Tc17-CM) or Tc17 cells (Tc17) (n=3). (G) Top, scheme of the experimental design showing treatment of matrigel-embedded
3D organoid cultures with 50 ng/mL IL-17A. Bottom, cell titre assay of mouse (Mm_Bu2548) or human (Hs_ACH0264T) PDAC organoids treated with
recombinant murine (rm) or recombinant human (rh)IL-17A (n=3). The relative cell titre without IL-17A treatment (control) was arbitrarily set to 1. (D-
G) Bars show mean=SD; biological replicates are plotted. In (C) *p<0.05 determined by mixed-effects model (REML), in (D) **p<0.01, ***p<0.001,
****n<0.0001 by t-test, in (F) statistics evaluated by two-way ANOVA followed by Tukey’s HSD multiple comparison test, ns (non-significant) in

(G) statistics evaluated by Mann-Whitney U test. ANOVA, analysis of variance; HSD, honestly significant difference; PBS, phosphate-buffered saline;
PDAC, pancreatic ductal adenocarcinoma.

Tc17 cells enhance pancreatic tumour growth in a mouse without T-cell transfer, mice treated with CTLs rejected tumours
model as expected (figure 2C), while Tc17 significantly accelerated
To examine the function of Tc17 cells in PDAC, murine Tc17 tumour growth. At the experimental endpoint, the transferred
and control (CTL) cells were generated in vitro. Their cytokine (CD45.2%) and endogenous (CD45.2") intratumoural Tc17 cells
patterns were confirmed by flow cytometry (figure 2A). These were detectable, indicating that they invaded tumours and main-
cells were adoptively transferred into Panc®** tumour-bearing tained their cytokine profile (figure 2D). Interestingly, Tc17
congenic (CD45.2") mice (figure 2B). In comparison to mice transfer triggered an enhanced accumulation of endogenous
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IL-17 but not IFNy producing CD8" T cells in tumours. Thus,
transferred Tc17 cells are stable, migrate and accelerate endoge-
nous Tc17 accumulation, and thereby promote tumour growth.

To understand, how Tc17 cells promote tumourigenesis, we
examined the Tc17 secretome and detected mainly IL-17A,
IL-17F, IFNy and low TNF (figure 2E), suggesting an involve-
ment of these cytokines. However, culturing Panc®"4, or KPC,
or primary human PDAC cells together with IL-17A, or in condi-
tional media obtained from Tc17 cultures (Tc17-CM), or with
Tc17 cells failed to enhance tumour cell growth (figure 2E,G),
suggesting an indirect Tc17 effect.

Tc17-CM promote iCAF differentiation via synergism of IL-
17A and TNF

Considering the highly desmoplastic character of PDAC with
CAFs modulating tumourigenesis, we examined the impact of
Tc17-CM on the differentiation of quiescent pancreatic stellate
cells (qPSC), recently described to regulate stromal microenvi-
ronment associated with PDAC aggressiveness®® (figure 3A).
We employed IL-17A or CM generated from IL-17A/F double-
knockout Tcl7 cells (DKOTc17, DKO-CM) as controls.
DKOTc17 failed to produce any IL-17A/F, but secreted IFNy
and TNEF, and expressed RORyt and T-bet to similar extent as
WT Tcl7 cells, indicating their bona fide Tc17 character (online
supplemental figure 4A-C). Culture of qPSC with Tc17-CM
upregulated Cxcl1, 116, Lif, Saa3, Csf3 and Ly6C expression,
representing iCAF-associated markers, but not myCAF tran-
scripts (figure 3B,C, online supplemental figure 4D). IL-17A
upregulated the expression of some iCAF-specific genes to
higher extent comparing to DKO-CM, indicating qPSC reac-
tivity to IL-17A. Accordingly, qPSC, TGFB-myCAF and Tc17-
induced-iCAF (Tc17-iCAF) expressed both receptor chains for
IL-17A/F (IL-17RA and IL-17RC) (online supplemental figure
3E). CRISPR/Cas9-mediated deletion of IL-17RA in PSC,
strongly restricted their responsiveness to Tc17-CM with respect
to inflammatory gene induction (figure 3D,E, online supple-
mental figure 3F,G).

RNA-sequencing of qPSC, Tc17-iCAF and DKOTc17-
induced-CAF (DKO-CAF) cells revealed differential gene
expression (DEG=5639, padj<0.001). DEG were classified in
nine modules, depending on the mutual upregulation or down-
regulation, and examined by Molecular Signatures Database
(MSigDB Hallmark 2020). Pathways characteristic of epithelial-
to-mesenchymal transition (EMT) and myogenesis (module 2)
were downregulated in Tc17-iCAF and DKO-CAF comparing
to qPSC, indicating suppression of myCAF differentiation-
potential. Along with qPCR results, Tc17-iCAF comparing to
DKO-CAF strongly upregulated genes associated with inflam-
matory response and TNF-signalling (module 8), and with
proliferation (modules 4, 6 and 9) (figure 3F,G), confirming
their inflammatory character. Interestingly, the expression of
Ilr1 mediating induction and maintenance of iCAF by tumour-
derived factors,® was significantly upregulated in Tc17-iCAF
ersus qPSC (online supplemental figure 4H). Further, gene set
enrichment analysis (GSEA)*” using published gene signatures* ®
revealed that Tc17-iCAF transcriptome was enriched with genes
expressed by tumour-driven iCAF comparing to DKO-CAF or
qPSC (figure 3H,I, online supplemental figure 4I), indicating
that Tc17 and tumour-derived factors drive a similar inflamma-
tory state in PSC.

To understand the contribution of Tc17-secreted cytokines in
iCAF induction, we treated murine qPSC with IL-17A/F alone or
in combination. In contrast to IL-17A, IL-17F only marginally

affected the inflammatory gene expression (online supplemental
figure 4]). Since TNF is produced by Tc17 and promotes iCAF
differentiation,® we examined its contribution. Neutralisation of
TNF in Tc17-CM led to a significant reduction of iCAF gene
expression; accordingly, combining it with IL-17A synergistically
enhanced their levels (online supplemental figure 4K,L). Human
PSC expressed the IL-17RA/C and responded to IL-17A/F with a
similar inflammatory gene induction, indicating species-specific
differences. However, as for mouse PSC, the IL-17A effect was
synergistically upregulated by TNF also in human PSC (online
supplemental figure SA-C). Thus, Tc17-CM via synergism of
IL-17A and TNF promotes iCAF differentiation.

The iCAF-promoting effect applied for both Tc17-CM and
Th17-CM. However, Tc17-CM induced higher 1/6 expression
comparing to Th17-CM, while Th17-CM strongly enhanced
Saa3 and Csf3 levels in PSC (online supplemental figure 5D).
Analysis of 8 different cytokines revealed a significantly higher
content of TNF and IFNy in Tc17-CM vs Th17-CM (online
supplemental figure SE,F), suggesting that a specific cytokine-
composition secreted by Tc17 versus Th17 cells affects the iCAF
transcriptome. Considering that G-CSF encoded by Csf3 directs
neutrophil-like cell infiltration®® and Saa3 was suggested to regu-
late metabolite supply for tumour cells,*” while IL-6 promotes
angiogenesis, myeloid-derived suppressor cells (MDSCs), and
PDAC invasiveness,*’ one can speculate that Tc17 versus Th17
cells can differentially shape PDAC towards MDSCs accumula-
tion, angiogenesis and invasiveness versus nutrient supply and
neutrophilia, respectively.

To understand if Tc17-iCAF influence pancreatic tumour
growth, we co-cultured them with Panc®"* cells expressing lucif-
erase. Besides Tc17-iCAF, we used qPSC, TGFB-myCAF, IL-17A-
driven-iCAF or DKO-CAF, as controls. This assay revealed that
solely Tc17-iCAF promoted pancreatic cancer cell proliferation
(figure 3]).

In CM obtained from Tcl17-iCAF (Tc17-iCAF-CM) their
marker cytokine IL-6 was readily detectable (online supple-
mental figure 5G). Consistent with the known Tc17 induction by
IL-6 together with TGFB,"® Tc17-iCAF-CM in combination with
TGFB promoted IL-17, but not IFNy production by CD8* T
cells in IL-6-dependent manner (figure 3K, online supplemental
figure SH,I), indicating a reciprocal crosstalk between Tc17 and
iCAF positively enhancing each phenotype.

Thus, IL-17RA expression by PSC is required for Tc17-iCAF
differentiation, which is mediated via synergism of IL-17A and
TNF. Tc17-iCAF enhance tumour cell proliferation and promote
Tc17 differentiation via IL-6 in a positive feedback loop.

Tc17-iCAF promote tumour growth in vivo

To investigate if Tc17-iCAF promote pancreatic tumour growth
in vivo, we transduced PSC with a congenic marker CD90.1 to
enable their separation from endogenous (CD90.27CD90.1")
CAFs. These transduced PSC were used to generate in vitro
qPSC, CTL-CAF, Tc17-iCAF or DKO-iCAF, which were coin-
jected subcutaneously with Panc®" cells into immunodeficient
Rag1” mice (figure 4A). In samples with CAF co-injection,
higher amounts of aSMA™ cells were detectible; however,
there was only slight collagen deposition, probably due to fast
tumour growth (figure 4B, online supplemental figure 6A,B).
Tc17-iCAF strongly promoted tumour growth (figure 4C) and
displayed Ly6c"" phenotype (figure 4D, online supplemental
figure 6C,D). They expressed 116, Csf3 and Saa3 at higher levels
as compared with DKO-CAF or qPSC, while myCAF markers
were rather downregulated (figure 4E, online supplemental
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Figure 3  Reciprocal crosstalk between Tc17 cells and iCAF. (A) Scheme of the experimental design showing Tc17-CM production. Tc17-CM was
used to stimulate matrigel-embedded quiescent murine quiescent pancreatic stellate cells (qPSC) and to evaluate mRNA expression of iCAF -specific
transcripts (B) or Ly6c* phenotype (C). (B) gPCR for indicated iCAF transcripts in PSC after a 48- hour incubation with control medium (-), +TGFB(2 ng/
mL) (TGFB), +IL-17A(50 ng/mL) (IL-17A), 30% Tc17-CM (Tc17-CM) or 30% CM obtained from IL-17A/FDKO Tc17 cells (DKO-CM), respectively. All
incubations were done in control medium supplemented with the respective compounds or media. Fold mRNA expression is shown, normalised to the
control (-), which was arbitrarily set to 1; (n=3). (C) FACS analysis of Ly6c levels by PSC after 48 hours incubation as described in B; mean fluorescence
intensity (MFI) is shown. Left, representative histograms. Right, quantification of Ly6c levels, (n=3). (D) FACS analysis of WT qPSC and //77ra” qPSC
for IL-17RA levels, MFI is shown. Left, representative histograms. Right, quantification of IL-17RA levels (n=3). (E) gPCR analysis of the indicated iCAF
transcripts in WT or //17ra” PSC after incubation with Tc17-CM for 48 hours. Fold mRNA expression is shown, normalised to //17ra” PSC, which was
arbitrarily set to 1; (n=3). (F) Heatmap of differentially expressed genes (Z score normalised, FDR<0.001) by PSC after incubation with control medium
(gPSC) or with control medium containing 30% Tc17-CM (Tc17-iCAF) or 30% DKOTc17-CM (DKO-CAF) for 48 hours classified into modules based on
the mutual upregulation or downregulation (n=4, biological replicates). (G) Pathway enrichment analysis for Molecular Signatures Database (MSigDB)
Hallmark 2020. Bubble graph displays the three most significant enriched pathways by —log10 value (p adj) for nine modules established in (F). (H,

I) Gene set enrichment analysis (GSEA) to identify differential expression of iCAF-associated genes based on raw data RNA-Seq GSE9331 3*(H) or
GSE113615° (1) in Tc17-iCAF vs qPSC (left) or DKO-CAF (right). (J) Top, scheme of the experimental design showing Tc17-iCAF induction, thereafter
co-culture with Panc®*"“cells for 36 hours. Bottom, tumour-cell titre was obtained from Panc®* cells tagged with firefly luciferase (Panc®YA'*9)

after culture with control medium (-) or co-culture with TGF3-myCAF (TGF3-myCAF), IL-17A-iCAF (IL-17A-iCAF), Tc17-iCAF (Tc17-iCAF) or DKO-CAF
(DKO-CAF). Tumour cell titre was assessed as fold of luciferase activity normalised to the control (-), which was arbitrarily set to 1, (n=4-5). (K) Top,
scheme of the experimental design showing the production of CM from qPSC, TGF3-myCAF, Tc17-iCAF, DKO-CAF, which were added to purified

CD8* T cells. Bottom, quantification of FACS analysis showing frequencies of IL-17A-producing CD8* T cells after anti-CD3/CD28 activation in the
presence or absence of TGF and with/without 50% CM obtained from gPSC (qPSC CM), TGFB-myCAF (TGFB-myCAF CM), Tc17-iCAF (Tc17-iCAF CM),
Tc17-iCAF+0lL-6 (Tc17-iCAF CM +0lL-6) or DKO-iCAF (DKO-CAF CM) after 72 hours (n=3). (B—E, J, K) Bars show mean=SD; biological replicates are
plotted. In (B, C, J, K) *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 evaluated by one-way ANOVA followed by Tukey’s HSD multiple comparison
test, ns (non-significant) (D, E) *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 evaluated by two-tailed, unpaired t-test. ANOVA, analysis of
variance; HSD, honestly significant difference; iCAF, inflammatory cancer-associated fibroblast.
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Figure 4 Tc17-iCAF promote pancreatic tumour growth in vivo. (A) Scheme of the experimental design. 5x10° Panc®** tumour cells +5x10° in

vitro differentiated CD90.1*qPSC, CD90.1*CTL-CAF, CD90.1*Tc17-iCAF or CD90.1"DKO-CAF were subcutaneously co-injected into immunodeficient
Rag1” mice. Histology and CAF analyses were performed at the indicated end of the experiment. (B) Quantification of &:SMA staining in tumour
tissue of mice injected with Panc®" cells alone (-) or co-injected with gPSC (qPSC), with CTL-CAF (CTL-CAF), with Tc17-iCAF (Tc17-iCAF) or with
DKO-CAF (DKO-CAF), based on previously published scoring,17 (n=4-7). (C) Tumour-growth curve of subcutaneous tumours is shown (tumour volume
in MM>; mean=SEM, n=5-7, a representative of two independent experiments each with 5-7 mice). ****p<0.0001 indicates the tumour volume
comparisons between mice with Tc17-iCAF vs qPSC injection. (D) FACS analysis of Ly6c™®" cell frequency in gated EPCAM CD45 PDPN* fibroblasts

in subcutaneous tumours (n=5-10). (E) qPCR analysis of the indicated genes expressed by transferred EPCAM CD45PDPN*CD90.1* fibroblasts

sorted from subcutaneous tumours (mean=SD, n=3). Fold of mRNA expression is shown, normalised to the qPSC group, which was arbitrarily set

to 1, (n=3). (F) Scheme of the experimental design. 2x1 0*KPC tumour cells=+2 x 10*CD90.1 *gPSC, CD90.1*Tc17-iCAF or CD90.1*DKO-CAF were
orthotopically co-injected into Rag?” mice. The tumour volume and CAF phenotype were analysed at the indicated end of the experiment. (G) Tumour
volume of orthotopic tumours of mice injected with KPC cells alone (-) or co-injected with qPSC (qPSC), with Tc17-iCAF (Tc17-iCAF) or with DKO-

CAF (DKO-CAF) is shown (mean=SD, n=6 mice). (H) FACS analysis of Ly6chigh cell frequency in gated EPCAM CD45PDPN* cells in orthotopic tumours
of mice treated as indicated (mean=SD, n=3-4). (I) Scheme of the experimental design. 5x1 0° PaTu8988T human PDAC cells together with 5x1 0°

in vitro differentiated CD90.1*gPSC or CD90.1*Tc17-iCAF or CD90.1*DKO-CAF or were co-injected subcutaneously into immunodeficient athymic
Foxn1™™ nude mice. CAF analysis was performed at the indicated end of the experiment. (J) Tumour-growth curve of subcutaneous tumours (MM
of mice co-injected with PaTU8988T cells and with qPSC (qPSC) or with Tc17-iCAF (Tc17-iCAF) or with DKO-CAF (DKO-CAF) (mean+SEM, n=10

mice). ***p<0.001 and ****p<0.0001 above the PaTu8988T-Tc17-iCAF curve indicate the comparisons between mice with Tc17-iCAF vs DKO-iCAF
co-injection. ***p<0.0005 on the right side of the graph indicates the comparison between mice with Tc17-iCAF vs qPSC co-injection. (K) FACS
analysis of Ly6c"%" cell frequency in gated EPCAM CD45 PDPN* fibroblasts in subcutaneous tumours (n=4-6). (L) qPCR analysis of the indicated gene
expression by sorted from subcutaneous tumours transferred EPCAM CD45 PDPN*CD90.1* fibroblasts (mean+SD, n=3). Fold of mRNA expression is
shown, normalised to the qPSC group, which was arbitrarily set to 1 (n=3). (B, D, E, G, H,J, K, L) biological replicates are plotted. In (B, D, K) statistics
by Kruskal-Wallis-Test, *p<0.05, ns (non-significant) (C, J) ***p<0.001, ****p<0.0001 determined by two-way ANOVA with Bonferroni post hoc test,
(E, G, H, L) *p<0.05, **p<0.01 and p values by one-way ANOVA followed by Tukey's HSD multiple comparison test. aSMA, a-smooth muscle actin;
ANOVA, analysis of variance; HSD, honestly significant difference; iCAF, inflammatory cancer-associated fibroblasts; qPSC, quiescent pancreatic stellate
cell.
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figure 6E), indicating maintenance of an inflammatory pheno-
type in vivo. Interestingly, CTL-CAF promoted tumour growth
to lower extent than Tc17-iCAF. Consistently, the CTL cytokine
IFNy, comparing to IL-17A alone or in combination with TNF,
displayed a restricted proinflammatory effect on qPSC. Accord-
ingly, Tc17-CM promoted stronger iCAF profile compared with
CTL-CM (online supplemental figure 6F,G), indicating context-
specific TNF effects modulating PSC differentiation.

We confirmed the Tc17-iCAF-driven tumour-growth func-
tion and maintenance of inflammatory Ly6c"®" phenotype
in comparison to qPSC or DKO-CAF in the pancreatic tissue
applying KPC tumour cells as described before*' (figure 4F-H,
online supplemental figure 6H,I). Likewise, Tc17-iCAF partially
maintained the phenotype and strongly promoted growth of
human PaTu8988T PDAC cells in athymic nude mice comparing
to qPSC or DKO-CAF (figure 4I-L, online supplemental figure
6]), indicating phenotype retention and growth-promoting func-
tion for mouse and human tumours.

Tc17-iCAF alter the transcriptional programme of pancreatic
tumour cells

To identify the mechanisms by which Tc17-iCAF promote
pancreatic tumour growth, we performed RNA-sequencing
of sorted Panc®? cells after co-culture with Tc17-iCAF, or
TGFB-myCAFs, or qPSC (online supplemental figure 7A). The
comparison of Tc17-iCAF- with TGFB-myCAF-induced tumour-
cell transcriptome defined DEGs (1400, padj<0.1), which were
classified into seven modules (1-7, based on the mutual upreg-
ulation or downregulation), and examined by gene ontology
(figure SA,B, online supplemental figure 7B). Most genes in
modules 3, 4, 6 and 7 were upregulated by Tc17-iCAF comparing
to TGFB-myCAF. Gene module three captured the expression
of genes associated with proliferation and cytokine-signalling,
while module four transcripts were linked to cell-cell interac-
tions and ECM organisation. Module 6 was enriched with genes
related to metabolism. Finally, module 7 contained genes linked
to negative regulation of apoptosis and inflammatory response.
Thus, Tc17-iCAF imprinted pancreatic tumour cells with a
unique transcriptional profile characterised by proliferation,
ECM organisation, protection from apoptosis and metabolism
comparing to TGFB-myCAFs.

The CM obtained from Tc17 cells enhanced Lif expression in
iCAF (figure 3B), and LIF promotes PSC-dependent tumouri-
genesis in KPC mice.** Comparison of our data set with LIF-
dependent KPC tumour-cell signature® revealed enrichment
of Tc17-iCAF upregulated genes versus TGFB-myCAF in the
LIF-dependent tumour transcriptome (figure 5C), indicating an
overlap between Tc17-iCAF and PSC-LIF-mediated pancreatic
tumour profile.

Furthermore, we compared our data set with human PDAC
tumour cell transcriptome, split into two main subgroups, the
classical-A/B associated with early disease and the Basal-like A
with advanced stage.” In contrast to TGFB-myCAF, Tc17-iCAF
upregulated genes were significantly enriched in Classical-A and
Basal-like A profile (figure 5D, online supplemental figure 7C).

In contrast, Tc17 cells caused only minor changes in Panc®"*
gene expression comparing to Tc17-iCAF as visualised by prin-
cipal component analysis and heatmap (online supplemental
figure 8A-C). Among upregulated genes by Tc17-iCAF in
Panc®*? cells, we found in module 3, besides transcripts asso-
ciated with metabolism and ECM organisation, similarly to
our results shown in figure 5A,B, also genes associated with
hypoxia and extracellular vesicle production (module 4, online

supplemental figure 8D). As before, the transcriptional profile of
Panc®¥ cells co-cultured with Tc17-iCAF versus Tc17, displayed
similarities to the LIF-dependent tumour transcriptome as well
as to human classical-A and Basal-like A profiles (online supple-
mental figure 8E,F)

Thus, Tc17-iCAF but not Tc17 cells, induce a specific tran-
scriptional programme in tumour cells, which is enriched in
LIFR-sufficient KPC tumour profiles as well as in human clas-
sical-A and Basal-like-A PDAC subtype signatures, indicating a
potential involvement of Tc17-iCAF in human disease and the
KPC model.

IL-17RA-sufficient iCAF are required for Tc17 cell-driven
tumour growth in vivo

To investigate if Tc17 cells can induce iCAF during tumouri-
genesis, Tc17 cells from WT or DKO mice generated in vitro
were adoptively transferred into WT mice, which were co-in-
jected subcutaneously or orthotopically with Panc®** or KPC
tumour cells alone or together with qPSC (figure 6A,F, online
supplemental figure 9A). As before, tumours with qPSC co-in-
jection harboured higher frequency of aSMA™ cells (figure 6B,
online supplemental figure 9B,I). Tcl7 cells significantly
enhanced tumour growth as compared with DKOTc17 or no
T-cell transfer (figure 6C,G, online supplemental figure 9C,]),
confirming the tumour-promoting role of IL-17A/F-producing
Tc17 cells in Panc®** and KPC tumours in the subcutaneous and
orthotopic setting. CAF obtained from mice injected with Tc17
cells displayed Ly6c™®" phenotype (figure 6D,H, online supple-
mental figure 9D,E) and higher inflammatory gene expression
comparing to DKOTc17 or qPSC co-injection without T-cell
transfer (figure 6E, online supplemental figure 9F). Consis-
tent with the responsivity to Tc17 cells, ex vivo isolated CAF
expressed both IL-17A/F receptor chains (online supplemental
figure 9G). Thus, IL-17A/F-producing Tc17 cells promote iCAF
phenotype and tumour growth in subcutaneous and orthotopic
PDAC model.

Consistently, increased tumour growth and enhanced Ly6c
expression by fibroblasts was detectable in WT, but not in I/17af
" mice, co-injected with qPSC comparing to the sole KPC-cell
injection (figure 6I-K, online supplemental figure 10A), indi-
cating that endogenously produced IL-17A/F enhance PSC-
driven tumour growth and a Ly6c"" fibroblast phenotype in the
pancreatic tissue.

Finally, we analysed if IL-17RA expressed by fibroblasts contrib-
utes to Tc17-driven pancreatic tumour growth. Therefore, we adop-
tively transferred Tc17 cells into IL-17RA-deficient mice, which
were co-injected orthotopically with KPC or subcutaneously with
Panc® cells along with IL-17RA-sufficient (WT) or IL-17RA-
deficient (I/17ra™) qPSC (figure 6L, online supplemental figure
10B). Along with the contribution of IL-17A/F to Tc17-mediated
effects, WT PSC promoted tumour growth to a significantly higher
extent comparing to /172" PSC in orthotopic and subcutaneous
settings. This was accompanied by significantly higher abundance
of Ly6"e" fibroblasts in tumours of mice injected with WT vs Il177a"
" PSC (figure 6M,N, online supplemental figure 10C-F). Thus,
IL-17RA expressed by fibroblasts is required for the Tc17-mediated
iCAF phenotype and tumour-growth promoting function in vivo.

DISCUSSION

The hallmark of PDAC is the abundant desmoplastic stroma
which accounts for up to 90% of tumour mass.* The stroma
consists of CAF-producing ECM components and soluble factors,
and of infiltrating immune cells. Within this microenvironment,
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Figure 5 Tc17-iCAF affect pancreatic tumour cell transcriptional profile. (A) Heatmap of differentially expressed genes (Z score normalised, FDR
<0.1) by Panc®” cells after 36 hours of co-culture with Tc17-iCAF or TGFB-myCAF classified into modules based on the mutual upregulation or
downregulation (n=3, biological replicates). (B) Pathway enrichment analysis for gene ontologies (GO): Biological processes. Bubble graph displays
the five most significantly enriched pathways by —log10 value (p adj) for seven modules established in (A). (C) GSEA for differential expression of LIF-
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reciprocal interactions between immune and non-immune
cells take place, which impact tumourigenesis. As graphically
summarised in figure 60, we demonstrated a reciprocal crosstalk
between tumour-infiltrating Tc17 cells and CAF, in which Tc17
skewed the IL-17RA*CAF towards an inflammatory phenotype

via synergism of IL-17A and TNF. In turn, Tc17-iCAF via
secreted IL-6 directed TGF-B-dependent Tc17 differentiation,
indicating an amplification loop. Further, Tc17-iCAF evoked
gene-regulatory events in PDAC cells, thereby promoting growth
of mouse and human tumours.
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Figure 6 Tc17 cells promote tumour growth in vivo via IL-17RA*iCAF. (A) Scheme of the experimental design. 5 x10° Panc®** tumour cells+5 x

10° CD90.1*gPSC were subcutaneously co-injected into WT mice, which on the same day received i.p. injections of PBS or of 10°WT (Tc17) or IL-
17A/FDKO Tc17 (DKOTc17) cells differentiated from WT or IL-17A/FDKO CD8* T cells in the presence of TGFB+IL-6. Histology and CAF analysis were
performed at the indicated end of the experiment. (B) Quantification of ®SMA staining in tumour tissue of mice injected with Panc® cells alone (-)
or co-injected with qPSC (qPSC), with qPSC+Tc17 cells (qPSC+Tc17) or with qPSC+DKOTc17 cells (qPSC+DKOTc17), based on previously published
scoring,17 (n=4). (C) Tumour-growth curve of subcutaneous tumours is shown (tumour volume mm,> mean+SEM, n=5 mice, one representative of
two independent experiments each with 5-7 mice). **p<0.01, ***p<0.001, ****p<0.0001 indicate the tumour volume comparisons between the
groups with qPSC+Tc17 versus qPSC. (D) FACS analysis of Ly6c™" cell frequency in gated EPCAM CD45 PDPN* fibroblasts in subcutaneous tumours
(n=8-10). (E) qPCR analysis of the indicated gene expression by sorted from subcutaneous tumours EPCAM CD45PDPN* fibroblasts (mean=SD,
n=5-8). Fold of mRNA expression is shown, normalised to the qPSC group, which was arbitrarily set to 1. (F) Scheme of the experimental design.
2x10*KPC tumour cells with/without 2x10* CD90.1*qPSC were orthotopically injected into WT mice, which received on the next day ip. injections
of PBS or 10°WT (Tc17) or IL-17A/FDKO Tc17 (DKOTc17) cells or PBS. The tumour volume and CAF were analysed at the indicated end of the
experiment. (G) Tumour volume of orthotopic tumours of mice injected with KPC cells alone (-) or co-injected with qPSC (qPSC), with qPSC+Tc17
cells (qPSC+Tc17) or with qPSC+DKOTc17 cells (qPSC+DKOTc17) is shown (tumour volume in MM3; mean=SD, n=8-9 mice). (H) FACS analysis of
Ly6c"" cell frequency in gated EPCAM CD45 PDPN* cells in orthotopic tumours of mice treated as indicated (mean+SD, n=8-9). () Scheme of the
experimental design. 1.5x10%KPC tumour cells+6 x 10*CD90.1*qPSC were orthotopically injected into WT or //77af’ mice. The tumour volume and
CAF were analysed at the indicated end of the experiment. (J) Tumour volume of orthotopic tumours of WT and 1117af” mice injected with KPC cells
alone (-) or co-injected with gPSC (qPSC) is shown (tumour volume in MM>: mean+SD, n=6-7 mice). (K) FACS analysis of Ly6chigh cell frequency in
gated EPCAM CD45 PDPN* fibroblasts in orthotopic tumours (n=6-7). (L) Scheme of the experimental design. 2x1 0*KPC tumour cells+2 x 10*WT
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MM?>; meanSD, n=8-10 mice). (N) FACS analysis of Ly6c"®" cell frequency in gated EPCAM CD45 PDPN* cells in tumours of mice treated as indicated
(mean=SD, n=6-7). (0) Summary with the proposed mechanism of an indirect cancer-promoting role of Tc17 cells in PDAC. Tc17 cells via synergistic
effect of secreted cytokines, IL-17A and TNF, shift PSC differentiation towards iCAF formation in an IL-17RA-dependent manner. In turn, Tc17-induced
iCAF promote Tc17 differentiation via secreted IL-6 in combination with TGFp. Furthermore, Tc17-induced iCAF imprint pancreatic tumour cells with
a unique transcriptional profile characterised by the expression of genes involved in proliferation, signal transduction, metabolism and protection
from apoptosis, thereby enhancing tumour growth. (B, D, E, G, H, J, K, M, N) Biological replicates are plotted. In (C) *p<0.05, **p<0.01, ***p<0.001,
****1n<0.0001 determined by two-way ANOVA with Bonferroni post hoc test, in (B, D, N) *p<0.05, **p<0.01 by Kruskal-Wallis-test, in (E, G, H, J, K,
M) *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 and p values by one-way ANOVA followed by Tukey's HSD multiple comparison test. ANOVA,
analysis of variance; iCAF, inflammatory cancer-associated fibroblasts; PBS, phosphate-buffered saline; PDAC, pancreatic ductal adenocarcinoma.
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CD8™ T-cell functional understanding in PDAC was hitherto
linked to the conventional tumour-eradicating CTL, along with
the association of CD8" T-cell enrichment in tumour tissue with
longer OS.*! ** We identified, for the first time in PDAC, Tc17
cells using two different markers, IL-17A and RORft, thereby
establishing reliability of our analysis. In contrast to the infiltra-
tion of total CD8" T cells, increased Tc17 abundance strongly
associated with shorter OS, indicating their disease-promoting
function. Accordingly, increased frequency of Tcl7 cells
correlated with tumour size and with progressed stage. Thus,
our findings extend the knowledge regarding the role of CD8"
T cells in PDAC, by revealing the presence of pathogenic Tc17
cells, which can be useful for patient stratification and selection
of targeted treatments.

The prevalence of the second adaptive IL-17A-producing
subpopulation, namely Th17 cells (CD4*RORyt™), associated
with advanced tumour stage, however, it failed to correlate with
shorter patient survival and to act as an independent prognostic
marker for PDAC, further emphasising the unique Tc17 patho-
genic role in PDAC. Besides Tc17 and Th17 cells, other popula-
tions including Y3T17 cells, ILC3 and lymphoid tissue inducers,
which express RORYt, a transcription factor regulating IL-17A,
might contribute to PDAC to a differential extent. Further
studies are necessary to address this issue in depth.

Tc17-CM directed the expression of typical iCAF-associated
transcripts. Accordingly, RNA-Seq analysis identified downregu-
lated pathways associated with myCAF fate, while inflammatory
genes were upregulated in Tc17-iCAF compared with qPSC or
DKO-CAF. Furthermore, GSEA revealed similarities between
Tc17-iCAF transcriptome and published profiles of iCAF
induced by tumour-secreted ligands,* ¢ indicating that besides
tumour also Tc17-products can drive an iCAF-specific tran-
scriptome. Thus, with Tc17 cells, we introduce a novel cell type
modifying PDAC stroma towards tumour-promoting function.
Interestingly, also Th17-CM induced iCAF-marker expression,
however, with differences in specific genes as compared with
Tc17-CM, which probably resulted from a unique secretome
including higher IFNy and TNF production by Tc17 vs Th17
cells. Therefore, we propose that Tc17 versus Th17 differentially
modify stroma and thereby probably tumourigenesis. That idea
is supported by our histological analysis revealing a moderate
correlation between Th17 and Tc17 infiltration in PDAC.

Tec17 cells induced iCAF-marker genes via synergism of IL-17A
and TNF. We uncovered this mechanism by exposing qPSC
to IL-17A and TNF, or to Tc17-CM with TNF-neutralisation.
The synergistic proinflammatory effect of IL-17A and TNF is
already known,** but not for PSC, thus we add a new mechanism
promoting human and mouse iCAF differentiation. In line, recent
study has shown that TNF in the PDAC TME enforces basal-like
aggressive PDAC subtype.*! In contrast, the CTL-derived IFNy
displayed a restricted proinflammatory effect, pointing to T-cell
subpopulation-specific cytokine effects modulating stroma.

Along with the inflammatory phenotype, Tc17-iCAF boosted
growth of murine and human tumours as compared with qPSC,
CTL-CAF or DKO-CAF in Ragl” and Foxn1™™ mice. The
injected qPSC or CTL-CAF enhanced tumour growth in compar-
ison to sole tumour-cell injection and displayed an inflammatory
phenotype, but to a lower extent as compared with Tc17-iCAF,
suggesting that human and mouse TME can stabilise and prob-
ably further promote the iCAF phenotype already induced by
Tc17. Considering an enhanced Ilr1 expression by Tc17-iCAF
in comparison to qPSC in vitro, it is conceivable that tumour-
derived factors stabilise Tc17-iCAFs via IL-1-dependent signal-
ling in vivo.

Besides in vitro effects, Tc17 and IL-17A/F promoted iCAF
phenotype and tumour growth in mouse orthotopic and subcu-
taneous models including Panc®** and KPC-derived tumour
cells. Accordingly, qPSC and CAF expressed both IL-17R chains.
IL-17RA-expression by qPSC was required to sense Tc17 signals
mediating iCAF differentiation, and thereby to promote tumour
growth as uncovered by reconstitution experiments in IL-17RA-
deficient mice. Thus, we reveal an indirect IL-17RA-dependent
iCAF tumour-promoting mechanism mediated by IL-17A/F--
producing Tc17 cells. This evidence is supported by the finding
that Tc17 cells had a minor impact on pancreatic cancer-cell
transcriptome in the co-culture system. Although our study is
limited to adoptive Tc17 transfers, dissecting of Tc17 character-
istics and their antigen-specificity in PDAC will be important for
understanding of their biology to develop new targeting strate-
gies in the future.

IL-17A directly enhances early carcinogenesis,
mediates neutrophil driven resistance to checkpoint inhibitors.
Moreover a recent report analysing IL-17A-deficient versus
IL-17A-sufficient KPC mice demonstrated differences in the
transcriptional profile of CAFs obtained from these models.!”
We confirm the contribution of IL-17A to stroma modification;
however, our data differ, likely due to the complexity of multiple
Tc17-secreted factors comparing to a single-cytokine deletion.

Analysis of pancreatic cancer-cell transcriptome after co-cul-
ture with Tc17-iCAF versus TGFB-myCAF revealed that Tc17-
iCAF upregulated gene-pathways associated with regulation of
proliferation, adhesion, metabolism, apoptosis and inflamma-
tion. This was accompanied by enhanced expression of factors
associated with epithelial-to-mesenchymal transition (Twist1,
Prrx1, LoxlI1,2, Cdh2, Cdh17),% 4 aggressive phenotype (Lox,
Gli2, Mecp2),"”~* stemness (Dclk, Thx3)," *° pancreatic lineage
differentiation (Gata4),*® canonical NF-kB signalling (Rel) and
calcium/calcineurin  signalling (Nfatc2).’! Furthermore, tran-
scripts involved in cholesterol biosynthesis and glycolysis were
upregulated in consistency with the involvement of choles-
and glycolysis**** in PDAC progression.

Despite the limitation elicited by the co-culture, including
soluble and cell-associated factors, the relevance of the RNA-
Seq data for the in vivo tumourigenesis was confirmed by the
enrichment of Tc17-iCAF upregulated genes among the Lifr-
dependent KPC tumour-cell transcripts.*” Regarding the LIF
contribution to a paracrine PDAC progression and increased Lif
levels expressed by Tc17-iCAF versus qPSC, our data suggest a
possible LIF involvement in the Tc17-mediated tumourigenesis
in vivo. Furthermore, transcripts upregulated by Tc17-iCAF
versus TGFB-myCAF were enriched among human PDAC genes
with a Basal-like A and a Classical-A profile, which coexist in the
same tumours,”® suggesting a Tc17-iCAF participation in human
disease.

In conclusion, our study reveals a crucial pathogenic role of
a newly described Tc17-cells, which sustain a self-perpetuating
communication with iCAF, thereby mediating PDAC progres-
sion. Considering that Tc17 cells, via synergism of IL-17A and
TNE, trigger the protumourigenic iCAF function, the neutral-
isation of this cytokine combination may hinder PDAC from
establishing tumour-favouring niches and, therefore, could be
beneficial in personalised cancer therapy.
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