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Abstract: Background: Systemic sclerosis (SSc) is a connective tissue disorder which key feature is a
fibrotic process. The role of Endothelin-1 (ET-1) and T-helper (Th)-1 cells in lung and skin fibrosis is
well known, although Th17- and Treg-cells were found to be involved. However, no studies analyzed
cytokines expression in gastric-juice of SSc patients. Our study aimed to evaluate proinflammatory
and profibrotic cytokines in gastric-juice of SSc patients and to investigate their correlations with
esophageal dysmotility. Methods: Patients performed upper-gastrointestinal-endoscopy with
gastric-juice collection, esophageal manometry and thoracic CT-scan. GM-CSF, ET-1, Th-1 (IFN-γ,
IL-1β, TNF-α, IL-2, IL-6, IL-9), Th-17 (IL-17, IL-21, IL-22, IL-23) and T-reg (IL-10, TGF-β) related
cytokines were measured in 29 SSc-patients and 20 healthy-controls. Results: Patients showed
significant lower levels of IL-6, IL-17, IL-22 and ET-1 (p < 0.005) compared with controls. Patients with
atrophic gastritis presented significant lower levels of IL-2, IL-9, IL-6, TGF-β, GM-CSF, IL-17 and
ET-1 (p < 0.005) compared to patients without gastritis. Increased values of IL-2, IL-9, IL-1β, IL-17,
ET-1 and GM-CSF (p < 0.005) were observed in patients with esophageal impairment. This is the first
report of cytokines measurement in gastric juice of patients with SSc. The high IL-17 concentrations
in gastric-juice of scleroderma patients with esophageal dysmotility support the signature of Th-17
cells in scleroderma esophageal fibrosis.
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1. Introduction

Systemic sclerosis (SSc) is a chronic connective tissue disorder, in which humoral and cellular
immunity alterations lead to massive fibrosis of the skin and internal organs [1,2].

Gastrointestinal involvement in systemic sclerosis is very common, affecting up to 87% of
patients [3], with the esophagus being the most commonly involved tract, followed by rectum and
small bowel [4].

Many studies have reported increased levels of profibrotic T-helper (Th)-17 cells and Th-17
related cytokines in serum and skin [5,6] of SSc patients. These cytokines act as profibrotic molecules
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that promote transforming growth factor TGF-β release, fibroblasts activation, and myofibroblasts
stimulation [7], leading to connective tissues remodeling [8].

More recently, several authors also reported decreased frequency and impaired function of
circulating CD4+, CD25+, FoxP3+ human regulatory T cells (Tregs) in SSc patients compared to healthy
controls and other autoimmune diseases [9–11], thus postulating a Treg/Th17 imbalance as the main
component of SSc pathogenesis [12].

High serum levels of Th-17 related cytokines were also found to be associated with skin involvement
SSc patients with digital ulcers [13]. This led many authors to think that Th-17 cells and Th17-related
cytokines might play a key role in promoting lung and skin fibrosis, which are commonly observed in
SSc patients [13–17].

Gastric biopsies obtained in SSc patients showed an increased number of CD4+ T cells, mast cells,
and eosinophils in gastric mucosa [14]. In addition, overexpression of Endothelin (ET)-1 in epithelial
cells and vascular walls of scleroderma patients have been associated with the fibrotic changes observed
in gastric mucosa [15].

However, whether the concentration of proinflammatory and profibrotic cytokines is increased in
gastric juice of patients affected with SSc has not yet been investigated.

In the present study, we measured the concentration of profibrotic molecules (GM-CSF, ET-1),
Th-1 (IFN-gamma, IL-1β, TNF-α, IL-2, IL-6, IL-9), Th-17 (IL-17, IL-21, IL-22, IL-23), and T-reg (IL-10,
TGF-β) related cytokines in gastric juice of patients affected with SSc, at the aim to investigate the
correlation between their levels and esophageal dysfunction.

2. Methods

2.1. Patients

All patients who met the 2013 ACR/EULAR classification criteria for SSc [18] attending the
Outpatients Clinic of Rheumatic Disease between May 2014 and March 2015, were enrolled in the study.

Patients presenting a history of smoking, COPD, asthma, malignancy, or autoimmune disease
different from SSc were excluded from the study. In addition, treatment with systemic steroids or
immunosuppressive drugs at the screening visit was an exclusion criterion.

All patients underwent esophageal manometry and a thoracic CT scan. Gastric juice collection,
endoscopy, and esophageal manometry were performed in the same week for each patient.

Among patients who performed gastroscopy due to epigastric discomfort, twenty people with no
abnormalities were recruited as a control group for gastric juice cytokines levels.

Patients and control subjects released their informed consent, and the study was approved by
the Institutional Review Board for human studies of our hospital (Comitato Etico Interaziendale Città
della Salute e della Scienza di Torino; approval number 0039653, September 2013) in respect of the
Helsinki Declaration.

2.2. Cytokine Assays

The following cytokines have been measured in gastric juice using a multiplex immunoassay
(Bio-Rad Laboratories Inc., Hercules, CA, USA), with Bioplex 100 xMAP technology (Luminex Corp,
Austin, TX, USA): GM-CSF, ET-1, IFN-γ, IL-1β, TNF-α, IL-2, IL-6, IL-9, IL-17, IL-21, IL-22, IL-23, IL-10,
and TGF-β. Reliability of cytokines measurement at low pH was performed according to another
previously published paper [19].

Data analysis was performed using the Bioplex Manager 4.1 software (Bio-Rad Laboratories,
Segrate, Italy). All samples were analyzed at the same time, and every 96-well plate included an
8-point standard curve. Cytokines concentrations below the detection limit or outside the linear part
of the curve were excluded from the analysis [20].



Cells 2020, 9, 2106 3 of 11

2.3. Upper Gastrointestinal (GI) Endoscopy

All patients and healthy controls underwent upper gastrointestinal endoscopy (Olympus Video
Gastroscope 9.2 mm, Waltham, MA, USA) with biopsies. Gastric biopsies were evaluated according to
the Operative Link for Gastritis Assessment (OLGA) planning [21] and Helicobacter pylori screening
was performed in all samples. Gastric juice was collected in two sterile samples and stored at −80 ◦C
until the multiplex analysis.

2.4. Esophageal Manometry

Esophageal manometry was performed in all fasting patients using a Given Imaging™ (Yorknimu,
Israel) solid-state high-resolution manometry (HRM) system. The HRM catheter was inserted into
the nostril and moved up to the stomach. All patients were placed in a supine position and they
were asked to swallow 5 mL of water for ten consecutive times. Then, the patients were asked not to
swallow for at least 30 s, allowing the signal to be recorded.

Manometric data were analyzed using the ManoView Analysis software (version 3.0;
Given Imaging™). Esophageal motility was assessed by recording esophageal pressure parameters
according to the Chicago criteria [22,23].

The following variables were analyzed: the lower esophageal sphincter (LES) pressure,
wave amplitudes, and contraction abnormalities [22].

LES pressure was measured at mid-expiration and it was expressed as an average over
4 different records. Values < 10 mmHg were considered as an abnormally low LES pressure.
Wave amplitudes were calculated from the mean intraesophageal baseline pressure to the wave peak.
Wave amplitude < 30 mmHg was scored as hypotensive, and amplitudes < 10 mmHg were scored as
failed [21]. Motility abnormalities were defined when wet swallowing was followed by repetitive and
non-peristaltic waves. Repetitive waves were defined as waves composed of 3 or more peaks, with the
third peak being at least 10 mmHg in amplitude and at least 1 s apart from the first. On the other hand,
the simultaneous onset of contractions at 2 or more recording sites led to a non-peristaltic wave [22,23].

2.5. Thoracic CT Scan

A multi-slice thoracic CT scan (Lightspeed 16Pro, GE, Milwaukee, WI, USA) was performed in all
patients. The scan was evaluated in double-blind by two radiologists to measure the widest esophageal
diameter (WED), defined as the largest distance (mm) between internal esophageal mucosal limits
according to the previous report [24]. Assessment of fibrosis and ground-glass opacities was not
considered for this study.

2.6. Statistical Analysis

Statistical analysis was done using statistical package software (STATA 10 s). Only p-value < 0.05
were considered statistically significant.

Normality distribution tests were performed (Shapiro-Wilk and Kolmogorov-Smirnov) and
a comparison between cytokines and clinical parameters were done using non-parametric tests
(Mann-Whitney test or binomial test). All results are reported as median (IC 95%) if not else stated.

A comparison among different groups was performed using a non-parametric test (Kruskal-Wallis
one-way analysis of variance). Post-hoc analysis was done using Dunn–Bonferroni tests for Kruskal-Wallis.

The correlations between cytokines and clinical parameters were analyzed by regression analysis.
Spearman’s rank correlation coefficient was calculated according to the non-normal distribution of data.

3. Results

Twenty-nine patients (28 females, mean age 64.5 years, range 28–80) were enrolled in the study.
According to the pattern of cutaneous involvement, 17 patients were diagnosed with limited SSc

(lSSc) and 12 patients received the diagnosis of diffuse SSc (dSSc).
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Twenty healthy subjects (12 females, mean age 59.0 years, range 47–65) with gastric discomfort
and normal upper GI endoscopy were also included as the control group.

3.1. Gastric Involvement

Based on pathology examination of gastric biopsies, twenty-four patients (82.7%) received the
diagnosis of gastritis: superficial in 8 patients (33.3%), atrophic in 9 subjects (37.5%), erosive in
6 patients (25.0%), and chronic gastritis in one patient (4.2%) (Figure 1, Table 1). Helicobacter pylori (HP)
infection was detected in 5/29 patients (17.2%). No signs of gastritis were shown in gastric biopsies of
healthy controls.
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Figure 1. Evidence of gastritis in the whole systemic sclerosis (SSc) group.

Table 1. Incidence of gastritis in the limited and diffuse SSc.

Gastritis lcSSc (17 Patients) dcSSc (12 Patients) p-Value

Number (%) Number (%)

No signs of Gastritis 3 (17.6%) 2 (16.7%) 0.453
Superficial Gastritis 4 (23.5%) 4 (33.3%) 0.109
Atrophic Gastritis 5 (20.8%) 4 (33.3%) 0.134
Erosive Gastritis 4 (23.5%) 2 (16.7%) 0.121
Chronic Gastritis 1 (4.2%) 0 (0.00%) 0.051

3.2. Gastric Juice Cytokines Levels

The values of cytokines in patients and healthy controls are reported in Table 2.

Table 2. Comparison of cytokines concentration in gastric juice (GJ) between SSc patients and
healthy controls.

Cytokines in GJ Patients Cytokines Concentration,
pg/mL Median [CI 95%]

Healthy Controls Cytokines
Concentration, pg/mL Median [CI 95%] p-Value

IL-2 15.92 [1.48–21.75] 2.84 [2.17–3.15] 0.084
IL-9 1.37 [1.26–5.56] 3.39 [3.25–3.59] 0.279

IL-10 1.44 [0.03–2.39] 1.99 [1.78–2.31] 0.217
GM-CSF 66.38 [15.61–152.77] 1287.57 [1024.4–1304.53] 0.844

IFN-γ 36.96 [0.69–118.03] 23.47 [20.79–24.63] 0.386
TNF-α 2.45 [2.05–54.75] 1.83 [1.45–2.77] 0.460
IL-23 4.68 [2.72–53.14] 8.57 [8.41–8.78] 0.122
IL-1β 9.60 [0.88–121.70] 0.96 [0.38–2.31] 0.188
IL-6 1.36 [0.01–10.90] 5.86 [5.39–6.6] 0.001

IL-17 0.88 [0.34–2.25] 10.57 [8.99–11.2] 0.001
IL-21 14.71 [8.72–79.92] 10.04 [8.46–10.6] 0.052
IL-22 2.51 [0.23–5.60] 4.37 [3.91–6.15] 0.041
ET-1 10.09 [0.54–16.31] 55.92 [44.57–70.29] 0.033

TGF-β 7.50 [3.40–10.29] 5.35 [5.06–8.07] 0.106
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Significant lower levels of IL-6 (p = 0.001), IL-17 (p = 0.001), IL-22 (p = 0.041) and ET-1 (p = 0.033)
were observed in patients compared with healthy controls (Table 2).

Patients with atrophic gastritis showed significant lower levels of many cytokines (IL-2 (p = 0.036),
IL-9 (p = 0.001), IL-6 (p = 0.038), and TGF-β (p = 0.015) GM-CSF (p = 0.001), IL-17 (p = 0.001) and ET-1
(p = 0.001)) compared to patients without gastritis (Table 3, Figure 2).
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Figure 2. Cytokines distribution (median ± CI 95%, pg/mL) in different types of gastritis.

Higher levels of IL-2 (p = 0.001) and ET-1 (p = 0.010) were observed in patients without gastritis
compared with healthy controls (Table 4).
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Table 3. Comparison of cytokines concentrations in gastric juice (GJ) among different types of gastritis in SSc patients.

Cytokines in GJ No Gastritis Cytokines Concentration.
ng/mL Median [IC 95%]

Superficial Gastritis Cytokines
Concentration. ng/mL Median [IC 95%]

Erosive Gastritis Cytokines Concentration.
ng/mL Median [IC 95%]

Atrophic Gastritis Cytokines
Concentration. ng/mL Median [IC 95%] p-Value Univariate ANOVA

IL-2 7.83 [6.88–7.99] † 19.30 [2.59–56.75] 7.66 [5.87–27.03] 5.07 [1.71–21.32] † 0.036 †

IL-9 3.32 [3.27–3.66] † 6.17 [2.28–10.85] * 2.56 [1.35–10.78] 0.58 [0.24–0.83] †,* 0.001 †; 0.048 *
IL-10 1.65 [1.6–1.83] 2.01 [1.17–15.10] 2.24 [1.78–9.11] 1.03 [0.14–2.20] n.s.

GM-CSF 1299.7 [611.14–1460.76] †,* 451.66 [112.82–535.92] † 66.38 [14.15–1374.34] * 122.30 [88.03–156.65] 0.001 †,*
IFN-γ 23.07 [22.68–23.88] 79.71 [9.08–297.68] 121.23 [79.20–283.86] 62.58 [1.28–115.78] n.s.
TNF-α 1.32 [1.05–1.52] 6.42 [6.16–57.22] 2.45 [0.84–19.02] 10.96 [7.48–74.48] n.s.
IL-23 8.71 [5.87–11.18] 15.23 [7.84–33.48] 3.72 [2.22–32.51] 24.60 [10.55–67.21] n.s.
IL-1β 0.65 [0.48–0.82] 21.71 [10.59–239.66] * 19.89 [5.75–73.82] 0.16 [0.08–16.79] * 0.043 *
IL-6 5.78 [3.95–7.3] † 15.51 [2.44–32.47] * 4.97 [3.03–22.35] 1.17 [0.49–3.96] †,* 0.038 †; 0.003 *

IL-17 11.08 [10.09–11.15] † 5.99 [2.73–10.77] * 2.71 [1.80–7.20] 1.17 [0.11–1.92] †,* 0.001 †; 0.048 *
IL-21 10.81 [10.36–11.12] 84.02 [45.64–108.25] 14.71 [6.74–97.50] 23.09 [12.68–105.29] n.s.
IL-22 4.34 [4.06–5.09] 5.95 [2.56–8.74] 2.97 [1.05–12.02] 3.49 [0.23–7.30] n.s.
ET-1 98.65 [91.06–102.23] †,* 23.13 [3.75–51.86] † 4.43 [3.75–14.40] * 5.61 [2.32–20.04] 0.005 †; 0.002 *; 0.001

TGF-β 7.34 [7.04–8.27] 7.75 [7.04–8.29] † 7.54 [5.73–10.38] * 1.16 [0.90–9.53] †,* 0.013; 0.015 †; 0.040 *

†: p < 0.05, *: p < 0.05.

Table 4. Comparison of cytokines concentration in gastric juice (GJ) between SSc patients without gastritis and healthy controls.

Cytokines in GJ Patients without Gastritis Cytokines
Concentration, pg/mL. Median [CI 95%]

Healthy Controls Cytokines Concentration,
pg/mL. Median [CI 95%] p-Value

IL-2 7.83 [6.88–7.99] 2.84 [2.17–3.15] 0.001
IL-9 3.32 [3.27–3.66] † 3.39 [3.25–3.59] 0.656

IL-10 1.65 [1.6–1.83] 1.99 [1.78–2.31] 0.059
GM-CSF 1299.7 [611.14–1460.76] 1287.57 [1024.4–1304.53] 0.214

IFN-γ 23.07 [22.68–23.88] 23.47 [20.79–24.63] 0.731
TNF-α 1.32 [1.05–1.52] 1.83 [1.45–2.77] 0.021
IL-23 8.71 [5.87–11.18] 8.57 [8.41–8.78] 0.723
IL-1β 0.65 [0.48–0.82] 0.96 [0.38–2.31] 0.543
IL-6 5.78 [3.95–7.3] 5.86 [5.39–6.6] 0.463

IL-17 11.08 [10.09–11.15] 10.57 [8.99–11.2] 0.723
IL-21 10.81 [10.36–11.12] 10.04 [8.46–10.6] 0.068
IL-22 4.34 [4.06–5.09] 4.37 [3.91–6.15] 0.780
ET-1 98.65 [91.06–102.23] 55.92 [44.57–70.29] 0.010

TGF-β 7.34 [7.04–8.27] 5.35 [5.06–8.07] 0.453
†: p < 0.05.
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3.3. Esophageal Involvement

Fourteen patients (48.3%) did not complain any symptoms. The most commonly reported
symptoms were odynophagia in 7 patients (24.2%), dysphagia in 11 (37.9%), regurgitation in 5 (17.2%),
heartburn in 9 (31.0%) and chronic cough in 13 patients (44.8%) (Table 5).

Table 5. Symptom complaints in different SSc groups.

Whole SSc Group (29 Patients)

Symptom Complaint Incidence, Number (%)

No symptoms 14/29 (48.3%)
Odynophagia 7/29 (24.1%)

Dysphagia 11/29 (37.9%)
Regurgitation 5/29 (17.2%)

Heartburn 9/29 (31.0%)
Chronic cough 13/29 (44.8%)

Esophageal dilation (defined as ≥ 9 mm in the infra-aortic esophagus was found in twenty-three
patients (79.3%), with a median esophageal diameter of 18.0 (14.63–20.96) mm.

LES median pressure was 10.30 (7.98–14.44) mmHg (Table 6). Peristalsis waves were synchronous
in 36.4% (9.81–56.17) and hypoperistaltic in 15.4% (3.98–58.56) of cases. Median wave amplitude was
47.2 (4.61–97.57) mmHg, with a median speed of 2.5 (1.07–3.62) cm/s and a median propagation time
1.85 (1.15–10.33) s (Table 6).

Table 6. Esophageal abnormalities in SSc patients.

Patients Group (29 Patients)

Esophageal Involvement Median [CI 95%]

Esophageal dilation (mm) 18.0 [14.63–20.96]
Lower Esophageal Sphincter pressure (mmHg) 10.30 [7.98–14.44]

Peristalsis synchronous waves (%) 36.4 [9.81–56.17]
Hypotensive peristalsis waves (%) 15.4 [3.98–58.56]

Wave amplitude (mmHg) 47.2 [4.61–97.57]
Wave speed (cm/s) 2.5 [1.07–3.62]

Propagation time (s) 1.85 [1.15–10.33]

Increased values of IL-2 (p = 0.012), IL-9 (p = 0.043), IL-1β (p = 0.045), IL-17 (p = 0.020),
ET-1 (p = 0.021), and GM-CSF (p = 0.038) were observed in patients with esophageal impairment
detected with HRM compared to patients with normal HRM (Table 7).

Table 7. Gastric juice cytokines concentration (pg/mL) in SSc patients based on esophageal impairment
detected through High-Resolution Manometry (HRM).

Normal HRM Cytokines Concentration,
pg/mL. Median [CI 95%]

HRM Abnormalities Cytokines
Concentration, pg/mL. Median [CI 95%] p-Value

IL-2 7.84 [11.17–69.79] 8.95 [8.08–20.12] 0.012
IL-9 2.56 [0.87–7.21] 3.65 [0.71–8.86] 0.043

IL-10 1.73 [0.88–2.79] 1.71 [3.04–20.07] 0.150
GM-CSF 103.67 [54.06–419.34] 489.89 [122.16–1213.64] 0.038

IFN-γ 79.71 [39.57–100.76] 65.22 [38.22–384.27] 0.781
TNF-α 6.42 [1.6–25.28] 5.37 [14.19–76.53] 0.534
IL-23 12.51 [7.11–29.29] 9.67 [0.49–40.13] 0.868
IL-1β 19.89 [5.03–55.74] 66.51 [39.16–317.14] 0.045
IL-6 1.36 [1.28–10.48] 9.64 [2.07–39.9] 0.064

IL-17 2.71 [1.63–4.95] 10.09 [2.38–14.38] 0.020
IL-21 52.27 [24–74.5] 39.16 [0.91–109.62] 0.781
IL-22 3.49 [2.57–5.57] 5.09 [1.99–10.26] 0.359
ET-1 4.43 [0.03–32.94] 41.84 [0.11–95.73] 0.021

TGF-β 7.75 [3.79–8.6] 7.28 [6.71–7.73] 0.174
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Overall, 18 patients out of 29 were diagnosed with any form of HRM abnormalities. Patients with
HRM abnormalities were found to have significantly more frequent gastritis compared with patients
without HRM abnormalities (Table 8).

Table 8. Distribution of gastritis in patients with or without HRM abnormalities.

Type of Gastritis Patients with Normal HRM (Number, %) Patients with HRM Abnormalities (Number, %) χ2 Test

No signs of Gastritis 3/29, 10.34% 2/29, 6.9%
<0.001Gastritis 8/29, 27.6% 16/29, 55.17%

4. Discussion

This is the first report of cytokines measurement in gastric juice of patients with systemic sclerosis.
Our results show that gastric juice concentration of the profibrotic ET-1 and the proinflammatory

cytokines IL-17, IL-6, IL-1β, IL-9, and IL-2 were significantly higher in patients with esophageal
dysmotility, which is known to be associated with atrophy and fibrosis of the smooth muscle
layer [25,26].

ET-1 is known to be involved in initiating and maintaining the profibrotic process, by increasing
collagen synthesis of many cell types, including fibroblasts and smooth muscle cells, with deposition
of collagenous fibers in the interstitium of many tissues [27]. ET-1 plays a pivotal role in the chronic
fibrotic process of the skin and lung of scleroderma patients [17,28].

The high ET-1 concentration we found in gastric juice of patients presenting esophageal dysmotility
could be related to the collagen deposition and fibrosis of esophageal muscularis mucosa.

Th-17 cells are known to be primarily involved in inflammatory processes underlying SSc
pathogenesis [29] and high levels of serum and tissue IL-17 have been associated with skin and lung
fibrosis in SSc [17,30].

Hence, the high IL-17 concentrations we observed in gastric juice of scleroderma patients with
esophageal dysmotility agree with these findings, so supporting the role of Th-17 cells signature not
only in tissue inflammation but also in local fibrotic processes resulting in esophageal damage.

In addition, Cuiling and colleagues upheld the hypothesis that Th-17 cells act as a proinflammatory
and profibrotic stimulus, but they also argue that T regulatory (T-reg) could try to stem their
action [29], suggesting that an imbalance in Th17/Treg might have a more and more increasing role in
SSc pathogenesis.

In our patients, we found that gastric juice levels of IL-10 and TGF-β, the two most representative
T-reg cytokines, were lower in patients with esophageal dysmotility. The guess of Treg involvement
in SSc pathogenesis came from the observation of a slightly lower Tregs expression in the skin of
scleroderma patients compared with healthy controls and patients with local skin disease [31–34].
This led to suppose a low activity of T-regs in favor of T effector cells (Teff) in this disease [35]. Tregs are
characterized by heterogeneity and plasticity, which allow them to switch to effector T cells (T-eff),
particularly Th17 cells, under the stimulus of IL-6 and IL-1β, which are usually highly expressed in
inflammation [31–34].

Thus, the high pro-inflammatory cytokines expression we found in patients with esophageal
dysmotility could represent the optimal milieu for T-regs switching into T-eff, so explaining the lower
production of IL-10 and TGF-β we found in our patients.

Finally, the significant overproduction of profibrotic factors such as IL-17, GM-CSF, and ET-1
in scleroderma patients without gastritis compared with those presenting atrophic gastritis, and the
significant reduction of TGF-β, IL-6, and IL-2 in atrophic gastritis compared with patients without
gastric involvement and with superficial gastritis are potentially conflicting with expectations.

However, many authors demonstrated the profibrotic role of these cytokines in scleroderma
fibrotic process. Concerning IL-6, not only was it shown to induce collagen deposition through a
way involving TGF-β [35], but many authors demonstrated it was also able to affect the number and
frequency of Th17 and Treg cells in murine models [36].
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On the other hand, Liu and colleagues analyzed Th17 and Treg expression in a cohort of new-onset
SSc patients [35]. Besides an increased peripheral blood number of Th17 cells, they also found a FoxP3
(low) CD45RA (−) T cells population able to produce high levels of IL-17. Based on these observations,
authors hypothesized that T cells that co-express FoxP3 and IL-17 could represent a transitional phase
in the conversion process from Treg to Th17 cells [26].

Likewise, the high levels of proinflammatory cytokines, like IL-17, we found in patients with no
gastritis or minimal involvement signs could correspond to the first step of the profibrotic process,
starting from an attempt to the conversion of Tregs in Th-17. Lower levels of profibrotic factors as ET-1
we observed in our patients with atrophic gastritis compared to patients without gastritis are probably
the consequence of a long-lasting inflammatory process leading to an end-stage fibrotic change of
gastric mucosa [27].

In conclusion, esophageal dysmotility observed in SSc patients has been found to be associated
with increased levels of profibrotic cytokines in gastric juice, reinforcing the role of Th17 cells in the
pathogenesis of tissue fibrosis.

The low gastric pH was shown to have no effects on cytokines production and measurement,
but whether gastric cytokines measurement reflects the inflammatory pattern of esophageal and
gastric scleroderma involvement should still be deepened by further observations and assessment
with esophageal and gastric biopsies.

However, our study has some limitations. The study design provided, in fact, very hard
exclusion criteria, mainly aiming to reduce potential drug or illness confounders, thus leading to a
low sample number. In addition, gastrointestinal scleroderma involvement is primarily affecting the
esophagus, being gastritis a multifactorial disease that appears in scleroderma fibrosis only in the later
stages. Nevertheless, we performed cytokines measurement in gastric juice, so creating a potential
detection bias.
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