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Functional cytokine networks have been poorly characterized in systemic sclerosis
(SSc). While interleukin-17A (IL-17A) is increased in SSc skin and other organs, its
role is still debated, particularly considering fibrogenesis. We uncover here a dual
function of IL-17A in the presence of transforming growth factor-p 1 (TGF-p), the
master pro-fibrotic cytokine. In the one hand, we report an unexpected synergic
activity resulting in enhanced production of IL-6 by dermal fibroblasts; in the other
hand, a substantial inhibition of type | collagen (col-I) production. IL-17A or TGF-p
enhanced the production of IL-6 by 8- to 16-folds when compared to control in
healthy donors (HD) and SSc cultures. However, the joint presence of IL-17A and
TGF-p resulted in robustly exuberant responses with levels of IL-6 up to 100-folds
higher than those observed in untreated cells. Inhibition of NFkB signaling pathway
preferentially inhibited the production of IL-6 driven by IL-17A in HD fibroblasts,
while inhibition of PI3K preferentially inhibited the production of IL-6 driven by
TGF-B. Interestingly, when p38 MAPK was inhibited, substantial reduction of IL-6
production was observed for both IL-17A and TGF-p. Consistently with the inhibition
experiments, the combined stimulation of fibroblasts by IL-17A and TGF-f resulted
in 1.8-fold increase in p38 MAPK phosphorylation (P = 0.025), when compared
to levels of phosphorylated p38 MAPK induced by IL-17A alone. Furthermore, the
enhanced phosphorylation of p38 MAPK in the joint presence of IL-17A and TGF-$
was unique among the signaling molecules we examined. As expected, TGF-f
induced SMAD2 phosphorylation and col-I production. However, in fibroblasts
cultured in the joint presence of TGF-$ and IL-17A, SMAD2 phosphorylation was
decreased by 0.6-folds (P = 0.022) when compared to that induced by TGF-f
alone. Remarkably, in this condition, the production of col-I and fibronectin was
significantly decreased in both HD and SSc. Thus, IL-17A and TGF-p reciprocally
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influence each other effector functions in fibroblasts. Intracellular molecular switches
may favor synergic or antagonistic activities, which are revealed by specific readouts.
The implications of these data in the context of SSc are far reaching, particularly in
terms of therapeutic approaches since IL-6, IL-17A, and TGF-p are all putative targets

of treatment.

Keywords: systemic sclerosis, interleukin-17A, transforming growth factor-beta, interleukin-6, type-l collagen,
monocyte chemotactic protein-1, fibrosis

INTRODUCTION

Systemic sclerosis (SSc) is a connective tissue disorder charac-
terized by fibrosis of the skin and internal organs, vasculopathy,
and dysregulated immuno-inflammatory responses. Fibrosis
is a characteristic aspect of the disease, bears a high token
of morbidity and mortality (1), and is caused by an excess of
extracellular matrix (ECM) deposition over degradation (2, 3).
The driving factors leading to pathological fibrosis are object of
controversies (4, 5), but it is likely that inflammatory mediators
including, but not exclusively, interleukin-17A (IL-17A) (6),
transforming growth factor-p 1 (TGF-f) (7) and IL-6 (8, 9) play
a major role (10).

IL-17A is a pro-inflammatory cytokine mainly but not
exclusively produced by Th17 cells involved in protection against
extracellular bacteria and fungi as well as in autoimmunity (11).
IL-17Alevels and/or Th17 cells have been reported to be increased
in SSc peripheral blood, bronchoalveolar lavage fluid, and skin
(12-18), although some reports point to decreased serum levels
(19, 20).

The role of IL-17A in the development of fibrosis is con-
troversial (21). Concordant data generated in various animal
models of fibrosis point to a pro-fibrotic activity (22-24). In
contrast, studies in humans using in vitro fibroblast cultures
suggest that IL-17A rather controls fibrosis (24-26) by inhibit-
ing collagen synthesis and the transdifferentiation of fibroblasts
to myofibroblasts induced by TGF-f (18, 24, 26). Furthermore,
the number of IL-17A+ cells appears to be inversely corre-
lated to the extent of skin fibrosis (18) and to increase with
disease duration (27), thus pointing to an antifibrotic activity
in vivo. Nonetheless, IL-17A and Th17 cells have potent pro-
inflammatory properties including the induction of several
mediators dysregulated in SSc, including IL-8, IL-6, monocyte
chemotactic protein-1 (MCP-1), matrix metalloproteinases
(MMP) by dermal fibroblasts, in addition to enhancing their
proliferation capacity (12, 26, 27).

TGF-f is considered a master pro-fibrotic cytokine with
important immunomodulatory properties regulating inflam-
mation, adipogenesis, chondrogenesis, osteogenesis, epithelial
cell differentiation and proliferation, hemopoiesis, and wound
healing. It binds to TGF-f receptor type-2 (TGFpR2), thus
recruiting and phosphorylating signal transducer TGEF-f
receptor type-1 (TGFPR1). TGF-f is secreted as a latent pro-
tein, which needs to be activated mostly by protease-mediated
cleavage favored by integrin-mediated release (28). It was
reported that the levels of TGF-p are increased in the skin of
SSc patients (7, 29-32) and that TGF-B-induced gene signature

is strongly increased in SSc skin and positively correlates with
the severity of the disease (33). A recent pilot trial targeting
TGF-p with fresolimumab has shown some efficacy in reduc-
ing skin fibrosis (34).

IL-6 is a multifunction cytokine that plays a key role in acute
phase responses, regulates cell proliferation, activation, and dif-
ferentiation (35), and IL-6 serum levels are increased in SSc (8,
9, 36). Furthermore, IL-6 induces collagen production by dermal
fibroblasts in the presence of trans-signaling by soluble IL-6
receptor (37) and participates to imbalanced degradation of ECM
that is controlled by MMP and their inhibitors (38). IL-6 blockade
by both passive or active immunization strategies or IL-6 genetic
deletion reduces fibrotic responses in animal models of fibrosis
(39-41). Furthermore, an IL-6 targeted therapy in SSc appears to
be promising (42) and is currently assessed in a phase 3 clinical
trial (NCT02453256).

The interplay between IL-17A and TGF-p has been only
partially assessed (18, 24) and here we address the question to
which extent their coordinate action affects fibroblast responses.
We report for the first time that they may simultaneously have
synergic or antagonistic activities depending on the readout used
to evaluate fibroblast responses.

TABLE 1 | Clinical characteristic of the fibroblast donors.

SSc HD

Age, mean (range), years 61.2 (46-78) 42.1 (26-60)
Sex (M/F) 3/6 1/8
Disease duration, mean (range), months 108 (12-324) N/A
Form (limited/diffuse) 4/5 N/A
MRSS (mean, range) 12.4 (4-28) N/A
ANA positivity (yes/no) (n = 8) 7/1 N/A
ANA specificity (ACA/ATA) (n = 6) 4/2 N/A
DLCO, mean (range), % of reference (n = 8) 70.8 (33-112) N/A
Synovitis 30f8 N/A
CK elevation 10of9 N/A
DU 30of9 N/A
ILD 20f8 N/A
GERD 60of8 N/A
Prednisone use 40f9 none
Prednisone dose >10 mg/day 0of9 none
Previous use of immunosuppressive agents 4 0of9 none

DU and synovitis were clinically defined, disease duration refers to the time from the
onset of the first non-Raynaud'’s disease manifestation, ILD was assessed by high
resolution CT scan, GERD was determined by gastroscopy. ACA, anticentromere
antibody; ANA, antinuclear antibodies; ATA, antitopoisomerase antibody;

CK, creatine kinase;, DLCO, diffusing capacity of the lungs for carbon monoxide;
DU, digital ulcer; GERD, gastroesophageal reflux disease; ILD, interstitial lung
disease; IS, immunosuppressant agents; MRSS, modified Rodnan skin score;

N/A, not available; HD, healthy donors; SSc, systemic sclerosis.
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MATERIALS AND METHODS

Patients

Nine SSc individuals and nine healthy controls were included in
this study. All patients met the ACR/EULAR classification criteria
for SSc (43) and their clinical presentation classified according to
the criteria proposed by LeRoy et al. (44). Clinical characteristics
of the patients are shown in Table 1. A biopsy was performed in
the affected skin of SSc individuals. The control group consisted
of age and sex matched individuals who underwent corrective
abdomen or breast surgery at the department of plastic surgery
of HUG in Geneva (Switzerland). None of the healthy individuals
had dermatological disorders and none was under immunosup-
pressive agents or glucocorticoids. This study was approved
by the ethical committee of the institutions involved (06-063,
Commission cantonale déthique de la recherche, Geneva,
Switzerland) and was conducted according to the Declaration
of Helsinki. Written informed consent was obtained from each
individual.

Reagents

rhIL-17A, rhTGF-f, monoclonal mouse IgGl TGF-f1, 2, 3
antibody, IL-6, MCP-1, MMP-1, IL-8, pro-collagen Ial and
fibronectin ELISA DuoSet kits were from R&D Systems
(Abingdon, UK); DMEM, PBS, glutamine, penicillin, strepto-
mycin, trypsin, dispase, collagenase type I from Gibco (Paisley,
UK); FCS from Biowest (Nuaillé, France); BSA, a-ketoglutaric
acid, P-amino propionitrile, rL-ascorbic acid, p38 MAPK
inhibitor SB203580, and PI3K inhibitor LY294002 from
Sigma (St. Louis, MO, USA); MEK1/2 inhibitor U-0126 from
Calbiochem (San Diego, CA, USA); TGE-BRI inhibitor SD 208,
JNK inhibitor SP 600125 and IKK-2 inhibitor TPCA-1 from
Tocris Bioscience (Bristol, UK); LEAF irrelevant control mAbs
from Biolegend (San Diego, CA, USA); Complete Protease
Inhibitor Cocktail and PhosSTOP phosphatase inhibitor
from Roche (Basel, Switzerland); nitrocellulose membranes
and chemiluminescence (ECL) blotting analysis system
from GE Healthcare (Zurich, Switzerland); phospho-Akt
(Ser473), phospho-Smad2 (Ser465/467), phospho-p38 MAPK
(Thr180/Tyr182), phospho-NF-kB p65 (Ser536), phospho-
IxkB-o (Ser32), f-actin and BSA for Western blots from Cell
Signaling (Danvers, MA, USA); TMB ELISA substrate from
Abcam (Cambridge, UK); EZ4U cell proliferation assay from
Biomedica (Vienna, Austria).

Cell Cultures

Human fibroblasts were isolated from skin, as previously
described (26). Cells were cultured in DMEM containing 10%
FCS, 1% non-essential amino acids, 1% L-glutamine, 1% sodium
pyruvate, 50 U/ml penicillin, and 50 pg/ml streptomycin.
Fibroblasts were used at passage 5-8. Twenty thousand cells/well
were seeded in 96-well plates for 24 h, then starved for 16 h in
the absence of FCS, followed by stimulation with IL-17A (25 ng/
ml) and/or TGF-f (2.5 ng/ml). EZ4U cell proliferation assay was
used to determine the viability of fibroblasts. When used, inhibi-
tors (SD208, U0126, SB203580, SP600125, Ly294002, TPCA-1)

at indicated doses, vehicle (DMSO), 10 pg/ml of TGF-f 1 neu-
tralizing antibody or 10 pg/ml of an irrelevant control antibody
were added for 1 h prior to stimulation with IL-17A (25 ng/ml)
or TGF-p (2.5 ng/ml), in triplicates. Culture supernatants were
harvested after 48 h.

ELISA and Western Blot

IL-6, MCP-1, IL-8, MMP-1, pro-collagen lal, and fibronectin
were quantified using DuoSet ELISA Kkits, according to the
manufacturer instruction (R&D Systems, Abingdon, UK). For
Western blot, cell cultures were treated as previously described
(26). Briefly, 20 g of total protein extract were separated in 10%
reducing SDS-PAGE and electroblotted onto nitrocellulose mem-
branes. Blots were incubated with antibodies against phospho- Akt
(Ser473), phospho-Smad2 (Ser465/467), phospho-p38 MAPK
(Thr180/Tyr182), phospho-NF-kB p65 (Ser536), phospho-IkB-a
(Ser32), and f-actin. Horseradish peroxidase-conjugated mouse
or rabbit antisera were used to reveal primary binding, followed
by detection by an ECL blotting analysis system. Quantification
analysis was performed with Image] software (http://rsbweb.nih.
gov/ij), and values were normalized to p-actin.

Statistical Analysis

Statistical analysis was performed with GraphPad Prism version
7.02 (Graphpad Software, La Jolla, CA, USA). Shapiro-Wilk
normality test was used to evaluate if the residuals follow a
Gaussian distribution. Statistical significance was assessed by
paired Student’s ¢-test. P values <0.05 were considered statisti-
cally significant.

RESULTS

IL-6 and MCP-1 Are Synergistically and
Specifically Induced in Human Fibroblasts
by the Combined Action of IL-17A and

TGF-p

Interleukin-17A and TGF-p are both considered of pathogenic
importance in SSc. However, relatively little is known on their
effects when applied jointly to fibroblasts. To address this issue, we
used the fibroblast production of IL-6, MCP-1, and IL-8 as read
out and we observed that the joint presence of suboptimal doses
of IL-17A and TGF-p induced synergic responses specifically for
IL-6 and MCP-1, but not for IL-8 (Figure 1). Suboptimal doses
of agonistic cytokines were chosen in order to avoid maximal
fibroblast responses—as observed with higher levels of IL-17A
(data not shown)—thus potentially favoring the quantification
of synergistic or antagonistic activities. Of interest, although SSc
fibroblasts produced higher basal levels of IL-6, both SSc and HD
cells responded equally well to the combination. In particular, it
has to be noted that IL-17A and TGF-p were equipotent when
used separately to induce the production of IL-6 and their joint
action consistently over-enhanced the production of IL-6 by up
to 32-folds (Figure 1A). To prove that the responses to TGF-f
were not due to contaminants, we performed two distinct assays.
First, TGF-p neutralization by a specific antiserum abrogated the
production of IL-6 induced by TGF-p used alone and reduced
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FIGURE 1 | IL-6 and monocyte chemotactic protein-1 (MCP-1) are synergistically and specifically induced in human fibroblasts by the combined action of IL-17A
and TGF-p. Primary human dermal fibroblasts from healthy donors (HD) and systemic sclerosis (SSc) patients were cultured in the presence of IL-17A (25 ng/ml),
TGF-B (2.5 ng/ml), or their combination for 48 h, in 96-well plates, in triplicates. IL-6 (A), MCP-1 (B), IL-8 (C) were assessed by ELISA in culture supernatants.
Results are expressed as fold change compared to spontaneous production in control (ctrl) cultures. Basal levels were: 22.7 (+7.3) and 40.7 (+16.7) pg/ml for IL-6;
328.1 (+33.3) and 377.2 (+85.4) pg/ml for MCP-1 and 211.8 (+56.6) and 207.7 (+56.9) pg/ml for IL-8, in HD and SSc, respectively. Significance was assessed by
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FIGURE 2 | TGF-B inhibition abrogates the synergistic response with IL-17A. HD fibroblasts were treated with (A) 10 pg/ml TGF- 1 neutralizing antibody or 10 pg/
ml of an irrelevant ctrl Ab, (B) SD208 (TGFR1 inhibitor) or vehicle for 1 h prior to the addition of IL-17A (25 ng/ml) or TGF-p (2.5 ng/ml) and cultured for 48 h. IL-6
levels in SN were assessed by ELISA. Results are shown as fold change to untreated control cultures (basal level of IL-6 was 3.1 + 1.1 pg/ml). (B) Square: TGF-p
(10 ng/ml); empty circle: (SD2018, 1 uM); full circle: vehicle. Significant differences were assessed by paired t-test. Bars in (A) and symbols in (B) represent the
mean + SEM of three experiments.

the production of IL-6 to the levels induced by IL-17A when
used in combination with IL-17A (Figure 2A). Second, inhibi-
tion of TGFPR1 signaling by SD208 reduced IL-6 levels in a
dose-dependent manner (Figure 2B). All together, these results
indicate that TGF-p acts via its specific receptor and, most nota-
bly, that TGF-p synergizes with IL-17A to induce the fibroblast
production of IL-6.

Common and Private Signaling Pathways
Are Used by IL-17A and TGF-p to Induce
IL-6

To unravel the mechanisms explaining the actions of IL-17A
and TGF-f, we tested whether signaling pathways known to be
involved in IL-6 transcription were used by IL-17A and TGF-p.
We focused on IL-6 since it is considered a promising candidate
target in SSc treatment (42). We found that, in HD fibroblasts,
inhibition of NFkB by TPCA-1 preferentially inhibited the
response to IL-17A (Figure 3A, left panel), while inhibition of
PI3K/Akt by Ly294002 preferentially inhibited the response to
TGF-p (Figure 3A, right panel). Interestingly, inhibition of p38
MAPK by SB203580, reduced the responses to both IL-17A and
TGE-P (Figure 3A). By contrast, the inhibition of MEK1/2 with
U0126 did not influence the production of IL-6, while inhibi-
tion of JNK by SP600125 increased its production in response
to IL-17A, but not to TGF- (Figure 3A). Importantly, fibroblast
viability was found >90% for all culture conditions (Figure 3B).

NFxB and PI3K/Akt Signaling Pathways
Are Privately Used by IL-17A and TGF-p

and Synergize in the Induction of IL-6

The preferential use of NFkB by IL-17A and PI3K/Akt by TGF-
B to stimulate the production of IL-6 (Figure 3A) prompted
us to test whether these signaling pathways were involved in

the synergistic action of IL-17A and TGF-. The inhibition of
NF«B (Figure 4A) and PI3K/Akt in HD fibroblasts (Figure 4B)
decreased in a dose-dependent manner the production of IL-6
driven by the combined action of IL-17A and TGF-p. Notably,
in these experiments, PI3K/Akt inhibition by itself did not affect
the response to IL-17A, but when combined with NF«xB inhibi-
tion, it further decreased the production of IL-6 (Figure 4C, left
panel). Reciprocally, NFkB inhibition by itself did not affect the
response to TGF-f, but when combined with PI3K/Akt inhibi-
tion, it further decreased the production of IL-6 (Figure 4C,
middle panel). Moreover, the combined inhibition of NFkB and
PI3K/Akt substantially reduced the production of IL-6 trig-
gered by the joint presence of IL-17A and TGF-p (Figure 4C,
right panel). Of note, suboptimal doses of inhibitors were used
to perform the above experiments to favor the assessment of
additive outcomes and decrease the likelihood of off-target
effects. Furthermore, to ensure the specificity of the inhibitors
used, we performed phospho-blot analysis. We observed that
Ly294002 specifically inhibited the phosphorylation of Akt,
while TPCA-1 specifically inhibited the phosphorylation of
IxBa and the downstream p65 transcription factor of the NFxB
complex (Figure 6A). Thus, NFkB and PI3K/Akt signaling
converge in inducing the production of IL-6 by HD fibroblasts
in the presence of IL-17A and TGEF-§.

p38 MAPK Signaling Pathway Is Common
to IL-17A- and TGF-p-Induced IL-6

Production

As reported above, p38 MAPK inhibition reduced the produc-
tion of IL-6 induced by both IL-17A and TGF-§ (Figure 3A).
Not unexpectedly, substantial inhibition of IL-6 production
was observed and this effect was dose-dependent, when HD
fibroblasts were stimulated jointly by IL-17A and TGEF-p
(Figures 5A,B). Consistently with the inhibition experiments,
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FIGURE 3 | Shared and private signaling pathways are preferentially used by IL-17A and TGF-f to induce IL-6. Healthy donors fibroblasts were treated with optimal
doses of inhibitors (20 uM U0126, 20 uM SB203580, 10 uM SP600125, 10 uM Ly294002, or 0.37 uM TPCA-1) or vehicle for 1 h prior to the addition of IL-17A
(25 ng/ml) or TGF- (2.5 ng/ml) and cultured for an additional 48 h, in triplicates. (A) IL-6 levels in SN were assessed by ELISA. Results are shown as the percentage
of IL-6 production induced by IL-17A or TGF-$ in the absence of inhibitors (levels of IL-6 were: 22.8 + 3.3 pg/ml for IL-17A and 8.8 + 3.9 pg/ml for TGF-f). Bars
represent the mean + SEM of three experiments. Significant differences versus control were assessed by paired t-test: *P < 0.05, ***P < 0.001. (B). Fibroblast
viability was assessed by EZ4U and found >90% for all culture conditions.

the combined stimulation of HD fibroblasts by IL-17A and
TGEF-p resulted in 1.8-fold increase (P = 0.025) of p38 MAPK
phosphorylation, when compared to levels of phosphorylated
p38 MAPK induced by IL-17A alone, as assessed by Western blot
(Figure 6). Furthermore, the enhanced phosphorylation of p38
MAPK in the joint presence of IL-17A and TGF-p was unique
among the signaling molecules we examined (Figure 6). Thus,
p38 MAPK is used by both IL-17A and TGEF-p, separately and
jointly, to induce the production of IL-6 by HD fibroblasts.

IL-17A Decreases SMAD2 Phosphorylation
and Production of Type-I Collagen and

Fibronectin Triggered by TGF-f

We and others have reported that IL-17A may decrease the fibro-
blast response to TGF-f3 when the ECM response is taken into
consideration. We, therefore, explored in the same experimental
settings in which IL-17A and TGF-P were displaying synergic
activities for the induction of IL-6, whether the same hold
true concerning collagen production. The canonical signaling

pathway of TGF-p leads to SMAD2 phosphorylation and type-I
collagen (col-I) production. We observed that in HD fibroblasts
cultured in the joint presence of TGF-p and IL-17A, the phos-
phorylation of SMAD?2 decreased by 0.6-fold (P = 0.022) when
compared to that induced the TGF-p alone (Figures 7A,B).
In addition, extending previous reports, IL-17A decreased
significantly the production of col-I robustly induced by TGF-§.
Most importantly, this was observed in both, HD (P = 0.007)
and SSc (P = 0.011) fibroblasts (Figure 7C). Very interestingly,
fibronectin was regulated by IL-17A and TGF-p in a similar
manner as col-I. IL-17A did not modify fibronectin production,
while it decreased the exuberant response induced by TGF-f
(Figure 7D). Furthermore, when we looked at the ratio of col-I
to MMP-1, as a surrogate of ECM turnover, we observed that this
ratio was increased in the presence of TGF-p and significantly
decreased when IL-17A was added to TGF-p (Figures 8A,B).
Thus, our data support a dual role in the relationship between
IL-17A and TGF-. On the one hand, they cooperate in inducing
IL-6, on the other hand, they exert opposite functions in induc-
ing type-I collagen and fibronectin.
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DISCUSSION . » .
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like fibroblasts (46) as well as HD and SSc dermal fibroblasts (27), SBZ03%80 kMl +TGFp
in addition to other cell types (11). However, relatively few studies
essentially performed with lung fibroblasts have documented the
capacity of TGF-p to induce IL-6 production (47, 48). Our data

FIGURE 5 | p38 MAPK signaling pathway is common to IL-17A- and
TGF-p-induced IL-6 production. Healthy donors fibroblasts were treated with
the indicated concentrations of SB203580 (A) or 20 uM SB203580 (B) for

are in agreement with such studies and prove that IL-6 produc-
tion induced by TGF- is dependent on TGFBR1 and mediated,
at least in part, by PI3K/Akt and p38 MAPK-signaling pathways.
Interestingly, in one previous study, TGF-p exerted a dual role,
favoring IL-6 production when used alone, but reducing the
production of IL-6 in fibroblast vigorously stimulated by IL-1
(47). We have not extensively explored the capacity of TGF-p to
modulate the production of IL-6 induced by optimally activated

1 h prior to the addition of IL-17A (25 ng/ml) and/or TGF-$ (2.5 ng/ml) in
triplicates. After 48 h, culture SNs were collected and IL-6 levels were
assessed by ELISA. (A) Results are shown as fold change to untreated cells,
mean + SEM is indicated, N = 3. Please note the log, scale. (B) Results are
shown as the percentage of IL-6 production induced by IL-17A and/or
TGF- B in the absence of inhibitor (levels of IL-6 were: 14.7 + 7.4 pg/ml for
IL-17A, 11.4 + 6.1 pg/ml for TGF-B, and 48.9 + 13.7 pg/ml for IL-

17A + TGF-p). Bars represent the mean + SEM of three experiments.
Significant differences versus control were assessed by paired t-test.
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FIGURE 7 | IL-17A inhibits SMAD2 phosphorylation and production of type | collagen and fibronectin induced by TGF-B. Healthy donors (HD) fibroblasts were treated
with IL-17A (25 ng/ml) and/or TGF-p (2.5 ng/ml) for 10 min. (A). Western blot (WB) representative of five distinct experiments. (B) Quantification of WB analysis. Results
are shown as fold change to TGF-B-treated cells, N = 5. (C,D) Primary human fibroblasts from HD (left panel) and systemic sclerosis (SSc) patients (right panel) in
triplicates were treated with IL-17A (25 ng/ml), TGF-p (2.5 ng/ml), or a combination of these cytokines. After 48 h, culture supernatants were collected and type |
collagen (C) and fibronectin (D) levels were assessed by ELISA (N = 5). Results are shown as fold change to untreated cells. Basal levels for col-I were 364.8 (+91.0)
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fibroblasts by other cytokines, but we robustly observed a syner-
gistic effect with IL-17A within the dose used.

The synergy of IL-17A and TGF-p on IL-6 production is
reported for the first time in this study and observed in both,
HD and SSc fibroblasts. While we show the preferential use
of NFkB by IL-17A and PI3K/Akt by TGF-p to stimulate the
production of IL-6, the combined inhibition of NFkB and PI3K/
Akt substantially reduced the production of IL-6 triggered by the
joint presence of IL-17A and TGF-p. Interestingly, we report that
p38 MAPK signaling pathway was common for IL-17A-, TGF-f-,
and combined IL-17A/TGEF-B-induced IL-6 production and the
phosphorylation of p38 MAPK was significantly higher in the
joint presence of IL-17A and TGF-f, when compared to IL-17A
alone. Thus, we propose a model where IL-17A synergizes with
TGEF-p to produce IL-6 by dermal fibroblasts using the common
p38 MAPK transduction pathway in addition to the preferen-
tially private use of NFkB and PI3K/Akt by IL-17A and TGF-f,
respectively. Of note, inhibition of JNK by SP600125 resulted
in higher levels of IL-6, thus suggesting that the expression of
IL-6 depends on the fine balance of positive and negative regula-
tors. The signaling studies were performed with HD fibroblasts.
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FIGURE 8 | IL-17A decreases the col-I to MMP-1 ratio enhanced by
TGF-B. Primary human dermal fibroblasts from healthy donors (HD) (left
panel) and systemic sclerosis (SSc) patients (right panel) were cultured in
the presence of IL-17A (25 ng/ml), TGF-p (2.5 ng/ml), or their combination
for 48 h, in 96-well plates, in triplicates. MMP-1 levels (A) were assessed
by ELISA in culture supernatants. Results are expressed as fold change
compared to spontaneous production in control (ctrl) cultures. Basal levels
for MMP-1 were 15.71 (+1.3) and 20.1 (+2.3) ng/ml, in HD and SSc,
respectively. (B) The ratio of col-I levels from Figure 7C to MMP-1 was
calculated. Significance was assessed by paired t-test.

However, the convergence of these pathways may be at work also
in SSc contributing to higher levels of IL-6.

The canonical TGF- signaling pathway relies on phospho-
rylation of SMAD family proteins, thus contributing to col-I
production (49-51). Our data show that IL-17A decreases TGF-f3
induced phosphorylation of SMAD2. Consistently with lower
SMAD?2 phosphorylation levels, both SSc and HD fibroblasts
produced reduced levels of col-I and fibronectin in the presence
of IL-17A and TGF-f, when compared to TGF-f alone. The
mechanisms associated with SMAD2 reduced phosphorylation
induced by IL-17A deserve further investigations. However, the
inhibitory effect of IL-17A on TGF-p-triggered col-I production
supports the data published by Truchetet et al. where IL-17A was
shown to decrease TGF-B-induced a-SMA transcriptional activ-
ity in fibroblasts (18) and extend the reported IL-17-dependent
inhibition of spontaneous col-I production by HD dermal fibro-
blasts reported by Nakashima et al. (24). However, at variance
with Nakashima data, we observed the inhibitory effect of IL-17A
on both HD as well as SSc fibroblast. In this respect is important
to note that in our experiments the spontaneous col-I production
was lower in SSc compared to HD fibroblasts.

Altogether, concerning fibrotic responses, the bulk of data
generated in vitro with human material indicate that IL-17A has
two facets. On the one hand, by itself, it increases inflammation
inducing several pro-inflammatory cytokines and MMPs. In
addition, it synergizes with TGF-p, as we show here, to further
increase the production of IL-6 and MCP-1, which roles in
fibrosis have been extensively reviewed (35, 52). On the other
hand, it has direct inhibitory effects on TGF-p-triggered col-I
production. Furthermore, IL-6 may enhance the activation of
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FIGURE 9 | Proposed model linking IL-17A, TGF-p, and IL-6 in the context of
extracellular matrix deposition and Th17 cell differentiation. Blue arrows:
stimulatory signal; red arrows: inhibitory signal. The relevant references are
reported in the discussion. For tissue inhibitor of metalloproteinases 1
(TIMP-1), we refer to Fineschi et al. (45).
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TGF-B in a STAT3-dependent mechanisms (53), and enhance
Th17 cell proliferation by increasing IL-23 receptor expression
on T cells (54). Additionally, TGF-p may play also a role in Th17
differentiation program by enhancing RORyT expression (55).
Thus, IL-6 and TGF-f may cooperate to polarize and expand
Th17 cells. In turn, IL-17A produced by Th17 cells may simul-
taneously exert antifibrotic responses by inhibiting collagen and
pro-fibrotic responses by enhancing IL-6 production (Figure 9).
An obvious limitation to this scenario is the minimalistic in vitro
approach used to generate our data in which fibroblast monolay-
ers are submitted to the influence of a limited number of effector
molecules. To overcome such limitation, more complex experi-
mental systems have to be adopted in which fibroblasts should
be submitted to stimulation in three dimensional cultures and
under the influence of other cell types, which likely play a role
in modulating ECM production. This is of outmost importance,
since substantial discrepancies have been highlighted when
human and in vivo murine models are compared for the role
of IL-17A in fibrosis (21). It may be argued that no differences
were observed in our settings when SSc and HD responses were
compared. However, we think that our observations are relevant
to SScsince we and other have documented increased levels of the
agonist used, namely TGF-f and IL-17A in SSc tissues compared
to HD. Differences in the amount of these cytokines may result in
stronger responses in vivo. The limited number of SSc samples (4
1SScand 5 dSSc) tested in our experiments did not allow detecting
differences between disease subsets.

From a therapeutic standpoint, the interplay between IL-17A,
TGF-p, and IL-6 is of major interest, since all these three cytokines
are potential targets for therapy in SSc (42, 56-58). On the one
hand, the direct antifibrotic role of IL-17A as well as its inhibitory
activity on TGF-B-induced collagen production, would suggest
that inhibition of this cytokine may have detrimental effects
in humans affected by SSc. On the other hand, since IL-6 may
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