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Abstract
Systemic sclerosis (SSc) is a rare connective tissue disease characterized by vascular, immune and fibrotic abnormalities in 
the skin and in many internal organs. New biomarkers with predictive value associated with target organ involvement are 
needed. The up-regulation of IL-6 production is associated with the disease activity and in the development of cardiopul-
monary manifestations in SSc patients. The protein YKL-40 is a promising and intensively investigated biomarker related 
to inflammatory and tumor diseases. The objective of the study was to investigate how serum levels of YKL-40 and IL-6 
correlate with articular and periarticular involvement in patients with SSc assessed by high-frequency ultrasonography. 59 
SSc patients (56 women, 3 men) and 23 age-matched healthy subjects (21 women and 2 men) were investigated for serum 
YKL-40 and IL-6 (by ELISA). All the patients and healthy controls underwent clinically and high-frequency ultrasound 
assessment of articular and periarticular structures. Joint involvement was scored according to the new US10SSc score. 
Clinical data about the SSc patients showed significantly higher mRSS in the dcSSc patients (p = 0.015). Clinical synovitis 
was diagnosed in 16.9% of all patients: 22.5% of the dcSSc group and 10.7% of the lcSSc group (p = 0.306). On the other 
hand, US synovitis was detected in a higher percentage: 44% of all SSc patients; 54.8% of the dcSSc group and 32% of the 
lcSSc patients (p = 0.116). Clinical tenosynovitis was established in 6.7% of all patients: 9.7% of the dcSSc group and 3.5% 
of the lcSSc group (p = 0.614). US tenosynovitis was detected at a higher rate: 27% of all patients; 32.25% of the dcSSc 
group and 21.4% of the lcSSc group (p = 0.393). Serum level of YKL-40 was significantly higher in SSc patients (115.62 ng/
ml ± 89.51, median 86.76) compared to the healthy controls (46.28 ng/ml ± 18.91, median 44.02), p < 0.001. IL-6 level was 
also significantly higher in the patient group (27.60 ± 48.80 pg/ml; median 8.32) vs. the healthy controls (5.79 ± 2.46 pg/
ml, median 5.52). In the patient subgroups, YKL-40 and IL-6 levels were significantly elevated in dcSSc compared to lcSSc 
patients: YKL-40 dcSSc (159.52 ng/ml ± 102.81; median 136.20 ng/ml) vs. lcSSc patients (89.31 ng/ml ± 50.36; median 
68.03 ng/ml;), p < 0.001; IL-6 dcSSc patients (49.64 pg/ml ± 46.37; median 16.36 pg/ml) vs. lcSSc patients (13.22 pg/
ml ± 8.95; median 8.65 pg/ml), p = 0.048. A statistically significant correlation of high magnitude (rs = 0.884, p < 0.001) was 
observed between YKL-40 and the ultrasound 10 Systemic sclerosis score (US10SSc) and between IL-6 and the US10SSc 
score (rs = 0.808, p < 0.001). Serum YKL-40 and IL-6 in combination with US may have a potential role in defining disease 
activity and stratification, predicting organ involvement, and in the prognosis of SSc.
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Introduction

Systemic sclerosis (SSc) is a chronic autoimmune rheumatic 
disease characterized by vascular injury and tissue fibro-
sis [1]. It is a rare disease with still unclear etiology and a 
prevalence of between 100 and 300 cases per million of the 
population. Involvement of internal organs has defined the 
high morbidity and is associated with poor quality of life and 
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high mortality [2–4]. A difficulty in treatment is caused by 
clinical diversity and heterogeneity and is related to specific 
organ involvement [5, 6].

SSc is a disease with a clinically heterogeneity and its 
treatment is a real challenge. According to the updated 
EULAR recommendations (2017) for the treatment of SSc, 
management of the disease such as early diagnosis of inter-
nal organ involvement and identification of patients with 
high risk of new organ damage are extremely important [6]. 
These recommendations include new treatments according 
to specific SSc-related organ involvement [6].

Involvement of the musculoskeletal system is reported to 
be observed in about 10–60% the patients with SSc at the 
time of diagnosis and is often the onset of the disease [7, 8]. 
Patients with this disease are thought to have synovial prolif-
eration, joint effusion, tenosynovitis, calcifications, bursitis, 
carpal tunnel syndrome (CTS), acroosteolysis, reduction of 
the distance skin surface—distal phalanx, flexion contrac-
tions, digital ulcerations, fibrosing tendinitis /TFRs/ [9, 10]. 
Synovitis is one of the strongest predictors of skin progres-
sion and further occurrence of DUs, which directly reflects 
disease progression, according to the EUSTAR prospective 
study [11, 12]. The described pathological findings cannot 
always be confirmed by physical examination due to altera-
tions in the overlying skin, which is thickened, compacted, 
and with low elasticity. In such cases, searching for objec-
tive methods of early diagnosis is necessary [13, 14]. Due 
to high-frequency ultrasonography—B-Mode (Gray scale) 
and Power Doppler technique, it is possible to evaluate joint, 
periarticular and soft tissue involvement in SSc [15–17].

In the context of personalized medicine, new biomarkers 
are sought as predictors of different organ involvement in 
SSc. YKL-40 (chitinase-3-like protein) is a member of the 
18 glycosyl hydrolases, a mammalian chitinase family. Its 
biological role is still not fully understood and remains to be 
clarified [18]. However, it is reported that the protein takes 
part in many important biological processes, such as prolif-
eration, inflammation, and angiogenesis [19, 20]. YKL-40 is 
expressed by mature macrophages, chondrocytes, and cancer 
cells. It is proposed to be involved in tissue remodeling and 
fibrosis [18]. There are few studies showing elevated serum 
YKL-40 in SSc patients [21] and none of them has focused 
on the gene expression of YKL-40.

Elevated serum YKL-40 is found in patients with a vari-
ety of diseases characterized by inflammation, remodeling of 
the extracellular matrix, and development of fibrosis, such as 
rheumatoid arthritis, osteoarthritis, giant cell arteritis, pneu-
monia, liver fibrosis, and different types of solid tumors [20]. 
Serum YKL-40 levels vary according to disease activity. 
Elevated serum YKL-40 is associated with a poor prognosis.

The link between YKL-40 and SSc has been investigated 
by a number of authors and an association with pulmonary 
involvement has been observed [21]. In previous studies 

related to rheumatoid arthritis, psoriatic arthritis, gout, and 
activated osteoarthritis, we found that YKL-40 was associ-
ated with joint involvement in these diseases [19, 22]. In 
SSc, dermal fibroblasts are one of the main effector cell 
types involved in the development of fibrotic lesions. Their 
biological activity is regulated by a variety of inflammatory 
cytokines and growth factors. YKL-40 had been implicated 
in other pathologies leading to excessive fibrosis [23].

Interleukin 6 (IL-6) is an interleukin that acts as both a 
pro- and anti-inflammatory cytokine and regulates cellular 
proliferation, activation and differentiation of numerous cell 
types. IL-6 is implicated in pathological processes includ-
ing SSc [24]. The role of IL-6 is well established and there 
is substantial evidence that its up-regulation is associated 
with clinical subsets and organ involvement [25]. In com-
parison, little is known about YKL-40 participation in the 
pathogenesis of SSc.

Therefore, our aim was to assess serum levels of YKL-40 
and IL-6 in SSc and to investigate their relation to ultrasound 
articular and periarticular involvement detected by US.

Objective

To investigate how serum levels of YKL-40 and IL-6 cor-
relate with articular and periarticular involvement in patients 
with systemic sclerosis (SSc) assessed with high-frequency 
ultrasound examination.

Materials and methods

Patients and samples

Between May 2018 and January 2019, 59 consecutive 
patients with SSc (31 dcSSc and 28 lcSSC) from the Rheu-
matology Clinic of University Hospital “Kaspela” were 
included in a prospective study. The study was approved by 
the local ethics committee (protocol № 3/31.05.2018) and all 
patients provided written informed consent. The diagnosis of 
SSc was based on the 2013 ACR/EULAR classification cri-
teria for SSc [26]. All patients underwent clinical examina-
tion, mRSS assessment, and capillaroscopy. In the same day, 
US examination, blood tests as erythrocyte sedimentation 
rate [ESR] and C-reactive proteins [CRP] were performed. 
Patients were treated by NSAIDs, DMARDs, and biologic 
agents. Three of them who have ILD are on RTX treatment, 
two patients on MMF, five patients on Prednisolone, and 
other patients on MTX; four patients take NSAIDs. The fol-
lowing data were recorded for each patient: age, gender, date 
of diagnosis, symptoms duration, past and present therapy. 
Exclusion criteria for patients with SSc were: rheumatologi-
cal disorders other than SSc including rheumatoid arthritis 
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(RA), systemic lupus erythematosus (SLE), mixed connec-
tive tissue disease (MCTD), polymyositis/dermatomyositis 
(PM/DM), Sjögren syndrome (SS), and eosinophilia myalgia 
syndrome (EMS).

Control group

The control group consisted of 23 age-matched healthy sub-
jects (21 women and 2 men). Clinical and routine hemato-
logical and biochemical tests were completed to assess their 
health status. The inclusion criteria for the control group of 
healthy individuals were: age over 18 years; signed informed 
consent for participation; and lack of malignancies, inflam-
matory joint and autoimmune diseases.

Physical examination

All patients were examined physically for swollen and tender 
joints, TFRs.

Measurement of YKL‑40, IL‑6

Concentrations of YKL-40 and IL-6 in serum were meas-
ured by ELISA, using commercial kits from Quidel, SA 
(YKL-40) and R&D Systems, Minneapolis, USA (IL-6). 
All samples were examined in duplicate.

The US assessment

The ultrasound (US) assessment was performed using 
Esaote MyLab 7 and GE E9 machines with multifrequency 
linear probe (7–15 MHz) in a longitudinal and transversal 
scan. The B-mode (gray scale) and Power Doppler (PD) US 
settings were adjusted to optimize image resolution and sen-
sitivity to detect the flow. Two ultrasonographers scanned all 
patients in a blind, independent, and consecutive manner. 
The new US10SSc score was applied for ultrasound assess-
ment of SSc patients.

The new modified US10SSc score included the follow-
ing joints of both hands: wrist, second and third metacar-
pophalangeal and proximal interphalangeal joints. Synovitis 
and synovial/tenosynovial vascularity were scored semi-
quantitatively (grade 0–3) by gray-scale (GS) and PD ultra-
sound. Tenosynovitis was scored for presence (0 or 1). The 
scoring ranges were as follows: 0–30 for GS synovitis; 0–46 
for PD synovitis; 0–14 for GS tenosynovitis/paratenonitis; 
and 0–42 for PD tenosynovitis/paratenonitis. Unlike previ-
ously known scoring systems, in this one erosions and joint 
cartilage are not included. The wrist, MCP2 and MCP3, and 
PIP2 and PIP3 joints of the both sides were sonographically 
examined in a standardized manner according to the Euro-
pean League Against Rheumatism (EULAR) and OMER-
ACT guidelines [27].

Based on these results, a new modified 10‐joint US score 
(US10SSc score) was performed, including the sum of syno-
vitis scores in the GSUS (0–30) and PDUS (0–46) modes, 
tenosynovitis/paratenonitis in the GSUS (0–14) and PDUS 
(0–42) modes.

Statistical analysis

Statistical analysis was performed using IBM SPSS V.25.0 
package (Statistical Package for the Social Sciences, Chi-
cago, IL, USA) (2017) and Minitab V.18.1 (2017). We exam-
ined all continuously measured data for normality through 
the Kolmogorov–Smirnov test. Age was normally distrib-
uted in all groups and subgroups (p > 0.05). The rest of the 
continuous data showed violations of normality (p < 0.05) 
and is presented as median, minimal and maximum values. 
Dichotomous data are summarized in frequencies and per-
centages. An independent samples t test was used for two-
group comparisons on age and the Mann–Whitney U test for 
comparisons on the non-normally distributed continuously 
measured data. Associations between dichotomous variables 
were examined through χ2 test, and Fisher’s exact test was 
used for the comparison of proportions. Spearman’s rank-
order correlation was employed to examine the relationship 
between non-normally distributed variables. Results were 
interpreted as statistically significant at p < 0.05.

Results

Background data

The demographic and clinical data about the SSc patients 
and the group of healthy controls are summarized in Table 1. 
There was no significant age difference between the healthy 
controls and the SSc patients (p = 0.68) or between the 
dcSSc and lcSSc patients (p = 0.349). In both samples and 
subsamples, the females were the dominant sex: 91% of the 
healthy controls and 96% of the SSc patients (p = 0.616); 
93.5% of the patients with dcSSc and 94.5% of those with 
lcSSc (p = 0.870).

In the SSc patients, the median mRSSc was 14, with a 
significantly higher mRSS in the dcSSc patients (median 18) 
in comparison to the lcSSc group (median 12), p = 0.015. 
Interstitial lung disease (ILD) detected by high resolution 
computed tomography (HRCT) was observed in 5% of all 
patients: 9.6% of the dcSSc group and in none of the lcSSc 
group (p = 0.239). Clinical synovitis was diagnosed in 16.9% 
of all patients: 22.5% of the dcSSc group and 10.7% of the 
lcSSc group (p = 0.306). On the other hand, US synovitis 
was detected at a higher percentage: 44% of all SSc patients; 
54.8% of the dcSSc group and 32% of the lcSSc patients 
(p = 0.116). Clinical tenosynovitis was established in 6.7% 
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of all patients: 9.7% of the dcSSc group and 3.5% of the 
lcSSc group (p = 0.614). US tenosynovitis was detected at a 
higher rate: 27% of all patients; 32.25% of the dcSSc group 
and 21.4% of the lcSSc group (p = 0.393).

Serum YKL‑40 and IL‑6 in SSc patients vs. healthy 
controls and in dsSSc vs. lcSSc patients

Serum levels of YKL-40 and IL-6 were compared between 
the SSc patients and the healthy controls, and between the 
dcSSc and lcSSc patients through the Mann–Whitney’s U 
test (Table 2).

In the SSc group, we found a significantly higher level 
of YKL-40 (median 86.76 ng/ml) compared to the healthy 
controls (median 44.02 ng/ml;), p < 0.001. In the patient 

subgroups, a significantly higher YKL-40 level was observed 
in the dcSSc patients (median 136.20 ng/ml) compared to 
the patients with lcSSc (median 68.03 ng/ml), p < 0.001.

A similar trend was observed in relation to IL-6 lev-
els. The SSc patients had a significantly higher IL-6 con-
centration (median 8.82 pg/ml) than the healthy controls 
(median 5.52 pg/ml), p < 0.001. IL-6 concentration in the 
dcSSc patients (median 16.36 pg/ml) was significantly ele-
vated compared to the lcSSc patients (median 8.65 pg/ml), 
p = 0.048.

Association of YKL‑40 and IL‑6 with US10SSc score

As a whole, the SSc patients had a median US10SSc score 
of 6. In the dcSSc group, we found a significantly higher 

Table 1   Background demographic, clinical and sonographic data

*Significant at p < 0.05
a Independent samples t test
b χ2 test
c Mann–Whitney U
d Fisher’s exact test

Variables Group Sig. Patient subgroups Sig.

Healthy controls
(N = 23)

SSc patients
(N = 59)

p dcSSc patients
(N = 31)

lcSSc patients
(N = 28)

p

Age (mean ± SD) 50.62 ± 9.02 55.20 ± 12.20 .068 56.64 ± 11.89 53.64 ± 12.43 0.349a

Female N (%) 21 (91) 56 (96) .616 29 (93.5) 27 (94.5) 0.870b

mRSS median (min–max) NA 14 (6–37) NA 18 (7–37) 12 (6–24) 0.015*,c

ILD/HRCT N (%) NA 3 (5) NA 3 (9.6) 0 (0) 0.239d

Clinical synovitis N (%) NA 10 (16.9) NA 7 (22.5) 3 (10.7) 0.306d

US synovitis N (%) NA 26 (44) NA 17 (54.8) 9 (32) 0.116d

Clinical tenosynovitis N (%) NA 4 (6.7) NA 3 (9.7%) 1 (3.5) 0.614d

US tenosynovitis N (%) NA 16 (27) NA 10 (32.25) 6 (21.4) 0.393d

Table 2   Comparison of YKL-40, IL-6 and US10SSc in patients and healthy controls and between patient subgroups

All two-group comparisons in Table 2 were performed by the Mann–Whitney U test
*Significant at p < 0.05
**Significant at p < 0.01

Variables Group Sig. Patient subgroups Sig.

Healthy controls
(N = 23)

SSc patients
(N = 59)

p dcSSc patients
(N = 31)

lcSSc patients
(N = 28)

p

YKL-40 ng/ml
Median
(min–max)

44.02 (21–89) 86.76 (22–522) < 0.001** 136.20 (27.6–522) 68.03 (22–214) < 0.001**

IL-6 pg/ml
Median
(min–max)

5.52 (1.9–11.7) 8.82 (3–282) < 0.001** 16.36 (4.5–282) 8.65 (3–46) 0.048*

US10SSc
Median
(min–max)

NA 6 (1–21) NA 9 (1–21) 5 (1–12) 0.002**
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US10SSc score (median 9) compared to the lcSSc patients 
(median 5), p = 0.002. (Table 2).

Spearman’s correlation analysis was used to examine the 
relation between YKL-40 and US10SSc score and IL-6 and 
US10SSc score. A statistically significant correlation of 
high magnitude was found between YKL-40 and US10SSc 
score (rs = 0.884, p < 0.001). A high positive correlation was 
also observed between IL-6 and US10SSc score (rs = 0.808, 
p < 0.001) (Fig. 1).

Discussion

Many studies have evaluated biomarker levels in relation 
to joint involvement in SSc patients. However, this is the 
first study to examine the levels of YKL-40 and IL-6 in SSc 
patients stratified in articular and periarticular involvement 
by high-frequency ultrasonography. The role of ultrasound 
in the assessment of SSc patients has been demonstrated 
in other our publications, both for the evaluation of joint, 
skin and pulmonary involvement [28–32]. A significant and 
novel finding of this study is that both YKL-40 and IL-6 lev-
els correlated with US joint involvement. Ultrasonography 
is a sensitive tool for detecting synovitis and tenosynovitis 
in patients with SSc. The specifically designed US10SSc 
score for this study is targeted to test patients with systemic 
sclerosis as it focuses on specific articular and periarticular 
changes in SSc. In our study, YKL-40 and IL-6 levels cor-
related with US10SSc score, providing strong evidence that 
YKL-40 and IL-6 are associated with the joint involvement. 
Several previous clinical studies identified elevated YKL-40 
and IL-6 in patients with SSc. The authors associated the 

increased values of these biomarkers with pulmonary and 
cutaneous worsening of the disease. Korthagen et al. found 
that serum and BALF YKL-40 levels are predictors of sur-
vival in idiopathic pulmonary fibrosis (IPF) [33]. YKL-40 
is increased in sera from SSc patients and correlates with 
obstructive ventilatory pattern, reduced DLCO and poor 
prognosis. The presence of single gene polymorphisms 
(SNPs) in the gene encoding YKL-40 (CHI3L1-329 and 
-321) is associated with the magnitude of serum levels of 
this marker [21]. De Lauretis et al. assessed the prognos-
tic value of serum IL-6 in a large cohort of 212 patients 
with SSc-ILD as an independent predictor of DLCO decline 
in both IPF and SSc-ILD [34]. Affandi et al. described in 
their study that IL-6 is increased in the sera of SSc patients 
and has been associated with multiple organ involvement 
including skin, pulmonary fibrosis and increased mortality 
[35]. They concluded that this finding correlates with dis-
ease activity and extensive skin fibrosis. The link between 
increased serum level of IL-6 and skin worsening was also 
documented from De Lauretis et al. [34]. Ema Ball et al. 
[36] elucidated the role of specific cytokines in SLE arthritis 
stratified in terms of joint disease by US. They found that 
IL-6 levels correlated both with clinical and US measures 
of arthritis disease activity.

Montagna GL et al. in 2003 established for the first time 
the link between elevated serum YKL-40 in SSc patients 
and joint involvement [37]. But they do not find significant 
differences in the different SSc subgroups. There are other 
studies focused on YKL-40 in diseases, such as rheumatoid 
arthritis and osteoarthritis showing that its concentrations in 
both serum and synovial fluid reflected active inflammation 
and intensive angiogenesis in synovial membrane [38]. We 

Fig. 1   Significant correlations 
between YKL-40 and US10SSc 
score and IL-6 and US10SSc 
score
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reported significant relationship within CRP and ESR but in 
patients with RA [19]. These parameters are conventional 
markers that provide information about disease activity, but 
are not predictive separately to be used for treatment deci-
sion making [39]. High serum IL-6 levels correlate with 
coronary instability and have been shown to be a prognostic 
marker for septic shock [40]. In SSc patients, an associa-
tion of IL-6 with interstitial lung disease is observed [41]. 
There are no studies focused on both markers (YKL-40 and 
IL-6) and their correlation with joint involvement. Although 
YKL-40 and IL-6 appear to lack sufficient specificity to be 
involved in diagnose of SSc, our study suggests that they 
may have utility as biomarkers capable of predicting other 
clinical manifestations of SSc. We found that the correla-
tion between YKL-40 and articular involvement was pre-
dominant in patients with dcSSc. Our results show that the 
increased values of these two biomarkers are also associ-
ated with joint involvement, which is objectively proven 
by US—the most contemporary instrumental tool for joint 
assessment.

Limitations

The present study has some limitations, which have to be 
mentioned. The first one concerns the application of the 
US10SSc score which, although specially adapted to SSc 
patients, needs further validation. Another limitation is the 
absence of data for other markers of joint involvement in 
SSc such as ICAM-1, IL12/IL23, TNF-α, which we intend 
to examine in the future. Furthermore, all synovitis, joint 
effusion and/or tenosynovitis seen on ultrasound may not 
be clinically relevant.

Conclusion

The importance of our study is that, using an objective 
instrumental tool (high-frequency ultrasonography), we 
demonstrate the correlation of serum levels of YKL-40 and 
IL-6 with articular and periarticular involvement in SSc 
patients. Serum biomarkers in combination with US may 
have a potential role in defining disease activity and strati-
fication, predicting organ involvement, and in the prognosis 
of SSc.
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