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Abstract
Background: Systemic sclerosis (SSc) is a rare connective tissue disease associated with rapid evolving
interstitial lung disease (ILD), driving its mortality. Speci�c biomarkers associated with the progression of
this lung disease are highly needed. We aimed to identify speci�c biomarkers of SSc-ILD to predict the
evolution of the disease.

Methods: We compared prospectively serum levels of several biomarkers associated with lung �brosis in
SSc patients (n=102), among which SSc-no ILD (n=63) and SSc-ILD (n=39), compared to healthy subjects
(HS) (n=39). We also performed a longitudinal study in a subgroup of 28 patients analyzing biomarkers
variations and pulmonary function tests over a period of 2 years.

Results: Serum level of IGFBP-2 was signi�cantly increased in SSc patients compared to HS, and
negatively correlated with pulmonary function (assessed by carbon monoxide transfer coe�cient (KCO))
(r=-0.29, p<0.01). Two-year longitudinal analysis in a subgroup of 28 SSc patients determined that IGFBP-
2 variation was positively correlated with KCO at 2-year follow-up (r=0.6, p<0.001). SSc patients with a
lower variation of IGFBP-2 (less than 22%) presented signi�cant degradation of pulmonary function at 2-
year follow-up (p<0.01). ROC curve analysis enabled us to identify that baseline IGFBP-2 > 105 ng/ml was
associated with a poor outcome (KCO <70% predicted) at 2-year follow-up (AUC=0.75, p<0.05).

Conclusions: We showed for the �rst time that serum levels of IGFBP-2 might be a prognostic factor of
the development of SSc-ILD. Indeed, initial level of IGFBP-2 above 105 ng/ml was associated with a poor
patient’s outcome (KCO <70% predicted) two years later.

Introduction
Systemic sclerosis (SSc) is a complex systemic disease of unknown origin associated with a multi-
organic affection involving a complex interplay of microvasculopathy, disturbances in �broblastic
function and abnormalities of the immune system [1–3]. While any organ may be involved in the disease
process, pulmonary complications of SSc, including interstitial lung disease (ILD) and pulmonary
hypertension (PH), remain one of the major causes of morbidity and mortality in the disease [4–7].
Indeed, ILD and PH represent together 60% of SSc-related deaths [8]. SSc-ILD have many common clinical
and pathological characteristics with some other major ILDs, mainly idiopathic pulmonary �brosis (IPF)
[9–12]. Lung �brosis is present in approximately 25% of SSc patients [13]. Contrary to what is seen in IPF
[14], treatment is mainly based on an aggressive immunosuppressive therapy speci�cally proposed in the
progressive forms of SSc-ILD [15, 16]. One of the major problem clinicians have to deal with is to identify
patients with increased risk of ILD progression for early intervention [6, 17–20]. In this context, prognostic
biomarkers are highly needed in order to help clinicians to predict ILD development and provide adequate
treatment.

To date, the most frequently used diagnostic biomarkers for SSc are serum autoantibodies. Indeed, more
than 90% of SSc patients harbor antinuclear antibodies (ANA) in their serum [21–23]. Some of these are
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highly speci�c for SSc, including anti-Scl-70 (also called anti-topoisomerase I) and anti-centromere (anti–
CENP-B) antibodies [24, 25]. Although ANA are historical biomarkers available for Ssc, they are not able to
predict the occurrence of ILD. Several serum biomarkers, including surfactant protein-D (SP-D) [26, 27],
Krebs Von Den Lungen 6 (KL-6) [28, 29] and chemokine ligand-18 (CCL18), have been associated with
SSc-ILD. Furthermore, transforming growth factor beta (TGF-β) is known to be involved in the
pathophysiology of many lung �brotic diseases by stimulating the deposition of collagen and increasing
lung remodeling [30, 31]. Besides TGF-β, previous studies identi�ed that insulin-like growth factor-binding
proteins (IGFBPs) were also clearly associated with IPF and of interest as new potential biomarkers for
SSc-ILD [32, 33].

The aim of our study was to quantify serum level of several SSc- and IPF-associated growth factors in
SSc patients in order to identify novel biomarkers to predict the occurrence of ILD.

Methods

Subject characteristics
In this study, we prospectively recruited patients with SSc (SSc-ILD and SSc-no ILD) and healthy subjects
(HS) from our ambulatory care policlinic at CHU Liege. The blood of the patients was collected at time of
diagnosis of SSc in our center. The diagnosis of SSc was made according to the international
recommendations of ACR/Eular [3]. SSc-ILD was de�ned by a combination of speci�c HRCT images of at
least 10% of all parenchyma (reticulations, honey combing and/or ground glass opacities) with clinical
signs (velcros or crackels) or symptoms (cough, shortness of breath) and alteration of pulmonary
function tests. We excluded all other causes of ILD (such asbestosis, IPF, idiopathic non speci�c
interstitial pneumonia, hypersensitivity pneumonitis or toxic pneumonitis). All cases were validated after
a multidisciplinary discussion in order to con�rm the presence or absence of SSc-ILD. Then, we
performed a longitudinal study, resampling blood 2 years after the �rst analysis (n = 28). HS were
recruited by advertisement in our policlinic waiting room. They all denied any respiratory disease and had
normal spirometric values with FEV1 > 80% predicted and FEV1/FVC ratio > 70%. The impact of
maintenance of immunosuppressive drugs on cell count and biomarker levels was not relevant in our
study. The protocol was approved by the ethics committee of CHU of Liège, and all subjects gave written
consent before their enrollment (Belgian number: B707201422832 ; ref : 2014/302).

Pulmonary function tests
All tests were performed according to the recommendations of the European Respiratory Society (ERS).
The results were expressed in percent predicted. The total lung capacity (TLC) was measured by body
plethysmography and expressed in percent predicted. The diffusion capacity of CO (DLCO) and the report
DLCO/AV (alveolar volume) were measured by the single-breath carbon monoxide gas transfer method
and expressed in percent predicted (SensorMedics2400He /CO Analyzer System, Bilthoven, Netherlands).

Biomarkers measurements in serum
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Levels of Interleukin (IL)-8, tumor necrosis factor (TNF)-α, matrix metalloproteinase (MMP)-7, Chitinase-3-
like protein 1 (YKL-40), IGFBP-1 and IGFBP-3 were assessed by ELISA multiplex using Fluorokine-1.
Multianalyte Pro�ling Kits (R&D Systems, Minneapolis, MN, USA) according to the manufacturer’s
instructions. The detection limit for this assays were 3-3-200-230-170-705 pg/ml respectively. The
concentration of the other proteins were measured separately by ELISA: TGF-β, MMP-9, IGF-1, IGFBP-2
(DuoSet kit, R&D systems); The detection limits for these kits were 7-25-25-32 pg/ml respectively.

Statistical analysis
Demographic and functional data were expressed as mean ± standard deviation (SD). The biomarkers
levels were expressed as median (IQR). Comparisons between groups were performed by Dunn's test of
multiple comparisons following a signi�cant Kruskal-Wallis test, or by Mann-Witney or unpaired “t” test
(according to the distribution of the variable) for pairwise comparison. Correlations between variables
were performed using Spearman’s rank correlation test. A p < 0.05 was considered as signi�cant.
Statistical analysis and graph were performed with Prism Graph Pad software® v6. San Diego.

Results

Study population, patient characteristics, and clinical data
We prospectively recruited patients with SSc (SSc-no ILD, n = 63; SSc-ILD, n = 39) from our ambulatory
care policlinic at CHU Liege and compared them to healthy subjects (HS) (n = 39) (Fig. 1). Demographic,
functional and treatment characteristics of the subjects are given in Table 1. The average age of patients
compared to HS was similar. FEV1 was moderately lowered in the SSc-no ILD and SSc-ILD groups
compared to HS (p < 0.05 and p < 0.05, respectively). SSc-ILDs present lower levels of FEV1, FVC, TLC and
DLCO compared to SSc-no ILD patients (p < 0.05; p < 0.001; p < 0.001 and p < 0.001, respectively). Of note,
30% of patients were receiving maintenance treatment with immunosuppressive drugs and 27% were
receiving oral corticosteroids.
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Table 1
Demographic and clinical characteristics of HS and SSc patients.

  HS

(n = 39)

SSc-no ILD

(n = 63)

SSc-ILD

(n = 39)

Age, yrs 59 ± 10 55 ± 12 61 ± 12

Gender (M/F) 13/26 17/46 8/31

BMI, Kg/m² 26 ± 4 25 ± 4 25 ± 5

Smokers (NS/FS/S) 17/16/6 31/17/15 23/11/05

Paq-year 12 ± 18 10 ± 14 6 ± 12

Haemoglobin - 13.93 ± 1.98 12.98 ± 2.94

FEV1 post-BD, %pred. 106 ± 18 99 ± 21° 88 ± 22°*

FVC post-BD, %pred. 112 ± 18 105 ± 19 90 ± 22***

FEV1/FVC post-BD, %pred. 78 ± 6 78 ± 10 81 ± 8

TLC, %pred. - 100 ± 15 85 ± 18***

DLCO, %pred. - 72 ± 20 57 ± 17***

KCO, %pred. - 79 ± 19 76 ± 16

Immunosupressor (yes/no) - 16/47 15/24

OCS (yes/no) - 19/44 9/30

PAH/asthma (%)   4.8/0 13/2.5

UIP/NSIP/mixed pattern     2.5/10/7.5

Disease duration (y) - 7.2 ± 8.5 6.3 ± 7.0

Rodnan skin score - 3.4 ± 5.1 4,8 ± 6.9

ACR/Eular score - 10.5 ± 5.6 13.7 ± 9.45

Limited SSc/lcSSc/dSSc/ SS - 20/34/4/2 11/17/6/1

Data are expressed as mean ± SD. dSSc: diffuse cutaneous SSc; DLCO: Diffusion lung capacity for
CO; FEV1: Forced expired volume in one second; FS: Former smoker; FVC: Forced Vital Capacity; HS:
healthy subjects; ILD: Interstitial lung disease; IT: Immunosuppressive therapy (Mycophenolate
Mofetil, methotrexate, cyclophosphamide); KCO: The carbon monoxide transfer coe�cient; lcSSc:
limited cutaneous SSc; NS: Non smoker; NSIP: Nonspeci�c interstitial pneumonia; OCS: Oral
corticosteroid; PAH: Pulmonary arterial hypertension; S: smoker; SS: Sine scleroderma; SSc: Systemic
sclerosis; TLC: Total lung capacity; UIP: usual interstitial pneumonia.

°p < 0.05 compared to HS

*p < 0.05 and ***p < 0.001 compared to SSc-no ILD
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  HS

(n = 39)

SSc-no ILD

(n = 63)

SSc-ILD

(n = 39)

Musculoskeletal involvement (%) - 9 16

Renal crisis (%) - 4 0

Cardiac involvement (%) - 2 4

Data are expressed as mean ± SD. dSSc: diffuse cutaneous SSc; DLCO: Diffusion lung capacity for
CO; FEV1: Forced expired volume in one second; FS: Former smoker; FVC: Forced Vital Capacity; HS:
healthy subjects; ILD: Interstitial lung disease; IT: Immunosuppressive therapy (Mycophenolate
Mofetil, methotrexate, cyclophosphamide); KCO: The carbon monoxide transfer coe�cient; lcSSc:
limited cutaneous SSc; NS: Non smoker; NSIP: Nonspeci�c interstitial pneumonia; OCS: Oral
corticosteroid; PAH: Pulmonary arterial hypertension; S: smoker; SS: Sine scleroderma; SSc: Systemic
sclerosis; TLC: Total lung capacity; UIP: usual interstitial pneumonia.

°p < 0.05 compared to HS

*p < 0.05 and ***p < 0.001 compared to SSc-no ILD

 

Serum biomarkers at baseline
First, we compared the levels of different serum biomarkers associated with lung �brosis (IGF-1, IGFBP-1,
IGFBP-2, IGFBP-3, TGF-β, IL-8, TNF-α, YKL-40, MMP-7, MMP-9 and CRP) between HS and SSc groups
(Fig. 2). There is a signi�cant increase in IGFBP-1 (8 to 12.9 ng/ml, p < 0.05), IGFBP-2 (83 to 117 ng/ml, p 
< 0.001), IL-8 (3.6 to 9.3 pg/ml, p < 0.001), MMP-9 (412 to 967 ng/ml, p < 0.001) and CRP (0.7 to 2.1 mg/l,
p < 0.001) levels in SSc patients compared to HS (Fig. 2b, c, e, f and see additional �le 1: Table S1). Of
note, IGF-1 and IGFBP-3 were signi�cantly reduced SSc patients compared to HS (13 to 8.9 ng/ml, p < 
0.05; and 806 to 694 ng/ml, p < 0.05, respectively) (Fig. 2a, d).

Then, we compared the levels of serum biomarkers between the two subgroup of SSc patients (SSc-ILD
vs SSc-no ILD) and HS (Table 2). There is a signi�cant increase of the levels of IGFBP-2, IL-8 and MMP-9,
as well as a decrease of IGFBP-3 in SSc-no ILD and SSc-ILD patients compared to HS. Of note, the level
of IGFBP-1 was only increased in SSc-no ILD patients compared to HS (p < 0.05). On the other side, the
level of IGF-1 was reduced and CRP increased only in SSc-ILD patients compared to HS (p < 0.05 and p < 
0.001, respectively). Then, we focused our analysis on the difference between SSc-no ILD and SSc-ILD.
Interestingly, we observed a signi�cant reduction of the levels of IGFBP-1 and IGFBP-3 in SSc-ILD
compared to SSc-no ILD (p < 0.01 and p < 0.05, respectively). We did not �nd any signi�cant relation
between biomarkers and therapies at baseline (immunosuppressive agent or systemic corticosteroids).
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Table 2
Concentrations of serum biomarkers in subgroups of SSc patients (SSc-no ILD and SSc-ILD) and HS.

  HS

(n = 39)

SSc-no ILD

(n = 63)

SSc-ILD

(n = 39)

IGF-1 (ng/ml) 13 (8–17) 8.9 (5.3–15.3) 9 (5.2–15.8)°

IGFBP-1 (ng/ml) 8 (3–16) 15 (7–25)° 5.8 (2.2–15.8)**

IGFBP-2 (ng/ml) 83 (51–109) 113 (69–145)° 132 (85–213)°°°

IGFBP-3 (ng/ml) 806 (675–926) 740 (598–877)°°° 656 (479–758)°*

ratio IGF-1/IGFBP-1 5 (3–15) 2.2 (0.7–6.2)°°° 5.3 (1.4–20.6)**

ratio IGF-1/IGFBP-2 0.7 (0.4–1.4) 0.4 (0.2–0.8)° 0.3 (0.2–0.9)°°°

ratio IGF-1/IGFBP-3 0.1 (0 -0.1) 0.05 (0.03–0.09) 0.07 (0.04–0.1)

TGF-B (ng/ml) 26 (24–31) 29 (24–34) 29 (22–35)

IL-8 (pg/ml) 3.6 (1.5 -7) 9.3 (3.8–17.4)°°° 11 (6–19)°°°

TNF (pg/ml) 1.5 (1.5–1.5) 1.5 (1.5–1.5) 1.5 (1.5–1.5)

YKL40 (ng/ml) 33 (24–49) 37 (19–60) 46 (22–64)

MMP-7 (ng/ml) 1.7 (1.4 -2) 1.7 (1–2.9) 2.4 (1.4–3.9)

MMP9 (ng/ml) 412 (221–818) 796 (413–1292)° 1183 (482–1575)°°°

CRP (mg/l) 1.2 ± 1.4 3.5 ± 4 6.4 ± 9.1°°°

Data are expressed as median (interquartile range). CRP: C-Reactive Protein; HS: healthy subjects; IGF-
1: Insuline like growth factor-1; IGFBP-1,-2,-3: Insuline-like growth factor − 1,-2,-3; IL-8: Interleukin-8;
MMP-7,-9: Metalloproteinase-7 and − 9; SSc: Systemic sclerosis; TGF-β: Transforming growth factor-β;
TNF-α: Tumor necrosing factor-α; YKL-40: Chitinase-3-like protein 1.

°p < 0.05 and °°°p < 0.001 compared to HS

*p < 0.05 and **p < 0.01 compared to SSc-no ILD

 

Correlation between serum biomarkers and pulmonary
function tests at baseline
We performed correlation analysis to assess whether biomarkers were associated with pulmonary
function tests at baseline. IGFBP-2 was negatively correlated with alveolo-capillar function assessed by
carbon monoxide transfer coe�cient (KCO) (r=-0.29, p < 0.01) (Fig. 3). In addition, YKL-40 was also
negatively correlated with Forced Vital Capacity (FVC) as well as the Diffusion Lung capacity for CO
(DLCO) (r=-0.31, p < 0.01 and r=-0.24, p < 0.05 respectively) (see additional �le 2: Table S2).
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Longitudinal analysis on serum biomarker variations and
pulmonary function tests
To assess whether the variation over the time of the levels of serum biomarkers was associated with
pulmonary function declines, we performed a longitudinal study in a subgroup of 28 SSc patients
analyzing biomarkers variations and pulmonary function tests over a period of 2 years (Fig. 1).
Demographic and biological characteristics of SSc patients at baseline and after 2 years are given in
Table 3.

Table 3
Demographic and biological characteristics of SSc patients at baseline and 2-year follow-up.

  Baseline SSc

(n = 28)

2 years follow-up SSc

(n = 28)

Age, yrs 57 ± 12 59 ± 12

Gender (M/F) 22/6 22/6

BMI, Kg/m² 24 ± 4 24 ± 4

Smokers (NS/ES/S) 14/10/5 14/10/5

Paq-year 0 (0–26) 1 (0–26)

FEV1 post-BD, %pred. 100 ± 20 98 ± 19

FVC post-BD, %pred. 103 ± 20 101 ± 18

TLC %pred. 95 ± 16 94 ± 13

DLCO %pred. 66 ± 17 65 ± 13

KCO %pred. 81 ± 14 73 ± 12***

ILD yes/no 8/20 11/17

IT yes/no 10/18 10/18

OCS yes/no 5/23 5/23

Data are expressed as mean (SD). DLCO: Diffusion lung capacity for CO; FEV1 = Forced expired
volume in one second; FS: Former smoker; FVC: Forced Vital Capacity; ILD: Interstitial lung disease; IT:
Immunosuppressive therapy (Mycophenolate Mofetil, methotrexate, cyclophosphamide); KCO: The
carbon monoxide transfer coe�cient; NS: Non smoker; OCS: Oral corticosteroid; S: smoker; SSc:
Systemic sclerosis; TLC: Total lung capacity.

***p < 0.001 compared to Baseline
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The 2-year longitudinal analysis of pulmonary function revealed that KCO was signi�cantly reduced
(Baseline: 81 (± 14) % and 2-year 73 (± 12) %, p < 0.001) (Fig. 4a). Next, we performed analysis to
determine if pulmonary function decline was associated to the variation of serum biomarkers (see
additional �le 3: Table S3). Interestingly, we found a positive correlation between the variation of IGFBP-2
and KCO at 2-year follow-up (r = 0.6, p < 0.001) (Fig. 4b).

Then, we investigated if IGFBP-2 could predict the progression of SSc disease. First, SSc patients were
divided into two groups: patients with higher or lower variation of IGFBP-2 (∆IGFBP-2 ≥ or ≤ 22%).
Interestingly, SSc patients with a lower variation of IGFBP-2 (less than 22%) presented signi�cant
degradation of pulmonary function at 2-year follow-up (Baseline: 77 (± 12) % and 2-year follow-up: 66 (± 
9) %, p < 0.01), whereas the ones with higher variation of IGFBP-2 (more than 22%) conserved their
pulmonary function (Fig. 4c). Furthermore, baseline level of IGFBP-2 was elevated in the subgroup of SSc
patients with lower variation of IGFBP-2 (less than 22%) compared the ones with higher variation of
IGFBP-2 (more than 22%) (Fig. 4d). ROC curve analysis enabled us to identify that baseline IGFBP-2 of
105ng/ml discriminate the two subgroup of SSc patients (AUC = 0.75 at 80% sensibility and 75%
speci�city, p = 0.028) (Fig. 3E). Indeed, baseline IGFBP-2 ≥ 105 ng/ml was associated with a poor
patient’s outcome at 2-year follow-up (KCO < 70% predicted) (Fig. 3F). These results suggest that serum
level of IGFBP-2 (105 ng/ml) might predict the evolution of SSc disease.

Discussion
SSc is a complexe multi-organ disorder with heterogeneous clinical features. As the diagnosis of SSc-ILD
is complex, there is a need to develop novel biomarkers to identify early patients in order to deliver more
appropriate treatment. Here, we quanti�ed serum level of several SSc- or IPF-associated growth factors in
SSc patients compared to HS. SSc patients featured a marked increase in serum levels of IGFBP-1,
IGFBP-2, IL-8, MMP-9 and CRP whereas IGF-1 and IGFBP-3 were signi�cantly reduced compared to HS. Of
interest, IGFBP-2 was negatively correlated to KCO at baseline. Two-year longitudinal analysis determined
that IGFBP-2 variation was positively correlated with the KCO measurement. Of great interest, initial levels
of IGFBP-2 above 105 ng/ml were associated with a poor patient’s outcome 2 years later (KCO < 70%
predicted), suggesting that serum levels of IGFBP-2 might predict the evolution of SSc-ILD.

In previous studies, we have identi�ed that IGFBP-2 was positively associated with lung �brosis in serum
and induced sputum of IPF patients [32, 34]. Moreover, IGFBP-2 was reduced in IPF patients receiving
anti-�brotic therapy, although serum levels remained higher in IPF patients than in HS [32]. Other studies
on lung �brosis identi�ed a signi�cant increase of IGFBP-2 in bronchoalveolar lavage (BAL) �uid and in
lung tissue of ILDs without focusing on systemic sclerosis [35]. In this study, we showed that patients
suffering from SSc exhibited higher levels of IGFBP-2 than HS, but to a lesser extent than patients
suffering from IPF (as previously shown in one of our study [32]). Of interest, we demonstrated that level
variation of IGFBP-2 was associated with the severity of lung dysfunction. Indeed, baseline serum level of
IGFBP-2 above 105 ng/ml allows identifying patients with a poor prognosis at 2-year follow-up (KCO < 
70% predicted). This interesting observation suggests the potential prognostic value of baseline IGFBP-2
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to identify SSc patients with risk of rapid evolution. Integrating new biomarkers in the follow up of SSc-
ILD is challenging taking into account the variability of other clinical markers like symptoms, CRP, DLCO
or FVC. Moreover, it is suitable to avoid repeated chest imaging in the follow-up of the patients to limit as
much as possible irradiation. The use of serum biomarker IGFBP-2 could be a good candidate to predict
the progression of SSc-ILD and need to be explored.

In our study, serum levels of TGF-β were similar for all groups even though TGF-β is widely known to be
associated with the pathophysiology of �brosing lung disease [36]. Similarly, our previous study focusing
on IPF did not �nd any difference in TGF-β levels between HS and patients suffering from IPF leading to
the conclusion that serum TGF-β is not a good biomarker of lung �brosis [19].

YKL-40 was negatively correlated with pulmonary function tests in our study (FEV1, FVC, DLCO).
Con�rming previous studies, we identi�ed that YKL-40 is associated with the lung function impairment of
patients suffering from SSc [37–39]. Therefore, these observations need further explorations to see
whether YKL-40 could act as a predictor of lung degradation for patients with SSc.

IL-8 was also increased in our study in SSc patients. IL-8 is known to be a strong chemotactic agent for
neutrophils and can impact the pathophysiological process of SSc by recruiting neutrophils in lungs [40,
41]. Of interest, it should be noted that blood neutrophils were increased in SSc patients compared to HS.
Furthermore, several studies have shown that patients with SSc-ILD patients have elevated levels of pro-
in�ammatory cytokines such as interleukin IL-8, IL-6, TNF-α in BAL �uid and serum [6, 42, 43]. In the same
line, MMP-9 was also increased in SSc context. MMP-9 is known to be actively secreted by neutrophils
[44, 45], which are increased in SSc patients.

Conclusions
Among all the molecules that we studied, only serum level of IGFBP-2 was able to predict the occurrence
of ILD in SSc patients. Indeed, serum IGFBP-2 above 105 ng/ml might be a prognostic factor of alveolo-
capillary dysfunction. We need to validate those results in a larger longitudinal trial to con�rm the clinical
value of these observations.
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TNF-α: Tumor necrosing factor α

YKL-40: Chitinase-3-like protein 1

Declarations
Acknowledgements

We gratefully thank Nathalie Maes and Dr Marie Ernst from the « Service des Informations Médico-
Économiques (SIMÉ), Secteur Appui à la Recherche Clinique et Biostatistique » CHU Liège, for their help
with statistical analysis. Thank you to all co-authors for their contribution.

Funding

There was no funding for this article.

Availability of data and materials



Page 12/19

The data underlying this article are available in the article and in its online Additional Files. Further
inquiries will be shared on reasonable request to the corresponding author.

Ethics approval and consent to participate

The study protocol was approved by the ethics committee of Hospitalo-Facultaire Universitaire de Liège
(CHU Hospital of Liège, Belgian number: B707201422832 ; ref: 2014/302). All subjects gave written
consent be for their enrollment.

Competing interests

The authors have declared no con�icts of interest. MH is employee of Belgian Volition SPRL.

Consent for publication

Not applicable.

Authors’ contributions

JG, M-SN, RL, MGM designed the study and coordinated the research. JG, FG and MH contributed to
collect samples, and carried out the clinical evaluation of patients. M-SN, MH, BA, CM and DDS performed
experiments and analysed the datas. JG and M-SN drew �gures and wrote the manuscript. All authors
reviewed the �nal version of the manuscript. All authors read and approved the �nal version of the
manuscript. JG, M-SN, RL, MGM guaranty the integrity of the work as a whole, from inception to
published article.

References
1. Katsumoto TR, Whit�eld ML, Connolly MK. The Pathogenesis of Systemic Sclerosis. Annu Rev

Pathol Mech Dis. 2011;6:509–37.

2. Caron M, Hoa S, Hudson M, Schwartzman K, Steele R. Pulmonary function tests as outcomes for
systemic sclerosis interstitial lung disease. Eur Respir Rev. 2018;27:170102.

3. van den Hoogen F, Khanna D, Fransen J, Johnson SR, Baron M, Tyndall A, et al. 2013 classi�cation
criteria for systemic sclerosis: an American college of rheumatology/European league against
rheumatism collaborative initiative. Ann Rheum Dis. 2013;72:1747–55.

4. Sánchez-Cano D, Ortego-Centeno N, Callejas JL, Fonollosa Plá V, Ríos-Fernández R, Tolosa-Vilella C,
et al. Interstitial lung disease in systemic sclerosis: data from the spanish scleroderma study group.
Rheumatol Int. 2018;38:363–74.

5. Schoenfeld SR, Castelino F V. Interstitial lung disease in scleroderma. Rheum Dis Clin North Am.
2015;41:237–48.

�. Solomon JJ, Olson AL, Fischer A, Bull T, Brown KK, Raghu G. Scleroderma lung disease. Eur Respir
Rev. 2013;22:6–19.



Page 13/19

7. Steele R, Hudson M, Lo E, Baron M, Canadian Scleroderma Research Group. Clinical decision rule to
predict the presence of interstitial lung disease in systemic sclerosis. Arthritis Care Res.
2012;64:519–24.

�. Steen VD, Medsger TA. Changes in causes of death in systemic sclerosis, 1972-2002. Ann Rheum
Dis. 2007;66:940–4.

9. Herzog EL, Mathur A, Tager AM, Feghali-Bostwick C, Schneider F, Varga J. Review: Interstitial Lung
Disease Associated With Systemic Sclerosis and Idiopathic Pulmonary Fibrosis: How Similar and
Distinct? Arthritis Rheumatol. 2014;66:1967–78.

10. Fastrès A, Felice F, Roels E, Moermans C, Corhay J-L, Bureau F, et al. The Lung Microbiome in
Idiopathic Pulmonary Fibrosis: A Promising Approach for Targeted Therapies. Int J Mol Sci.
2017;18:2735.

11. Guiot J, Duysinx B, Bonhomme O, Louis R, Corhay J-L. How i treat a patient with idiopathic
pulmonary �brosis. Rev Med Liege. 2017;72.

12. Guiot J, Struman I, Chavez V, Henket M, Herzog M, Scoubeau K, et al. Altered epigenetic features in
circulating nucleosomes in idiopathic pulmonary �brosis. Clin Epigenetics. BioMed Central;
2017;9:84.

13. McNearney TA, Reveille JD, Fischbach M, Friedman AW, Lisse JR, Goel N, et al. Pulmonary
involvement in systemic sclerosis: associations with genetic, serologic, sociodemographic, and
behavioral factors. Arthritis Rheum. 2007;57:318–26.

14. Guiot J, Duysinx B, Seidel L, Henket M, Gester F, Bonhomme O, et al. Clinical experience in idiopathic
pulmonary �brosis: a retrospective study. Acta Clin Belg Int J Clin Lab Med. 2017;

15. Manno R, Boin F. Immunotherapy of systemic sclerosis. Immunotherapy. 2010;2:863–78.

1�. Volkmann ER, Varga J. Emerging targets of disease-modifying therapy for systemic sclerosis. Nat
Rev Rheumatol. Nature Publishing Group; 2019;15:208–24.

17. Njock M-S, Guiot J, Henket MA, Nivelles O, Thiry M, Dequiedt F, et al. Sputum exosomes: promising
biomarkers for idiopathic pulmonary �brosis. Thorax. 2019;74:309–12.

1�. Bonhomme O, André B, Gester F, de Seny D, Moermans C, Struman I, et al. Biomarkers in systemic
sclerosis-associated interstitial lung disease: review of the literature. Rheumatology. 2019;61:67–9.

19. Guiot J, Moermans C, Henket M, Corhay J-L, Louis R. Blood Biomarkers in Idiopathic Pulmonary
Fibrosis. Lung. 2017;195.

20. Guiot J, Struman I, Louis E, Louis R, Malaise M, Njock M-S. Exosomal miRNAs in Lung Diseases:
From Biologic Function to Therapeutic Targets. J Clin Med. 2019;8.

21. Okano Y. ANTINUCLEAR ANTIBODY IN SYSTEMIC SCLEROSIS (SCLERODERMA). Rheum Dis Clin.
Elsevier; 1996;22:709–35.

22. Steen VD. Autoantibodies in systemic sclerosis. Semin Arthritis Rheum. 2005;35:35–42.

23. Castro SV, Jimenez SA. Biomarkers in systemic sclerosis. Biomark Med. 2010;4:133–47.

24. Basu D, Reveille JD. Anti-scl-70. Autoimmunity. 2005;38:65–72.



Page 14/19

25. Kallenberg CG. Anti-centromere antibodies (ACA). Clin Rheumatol. 1990;9:136–9.

2�. Asano Y, Ihn H, Yamane K, Yazawa N, Kubo M, Fujimoto M, et al. Clinical signi�cance of surfactant
protein D as a serum marker for evaluating pulmonary �brosis in patients with systemic sclerosis.
Arthritis Rheum. 2001;44:1363–9.

27. Takahashi H, Kuroki Y, Tanaka H, Saito T, Kurokawa K, Chiba H, et al. Serum levels of surfactant
proteins A and D are useful biomarkers for interstitial lung disease in patients with progressive
systemic sclerosis. Am J Respir Crit Care Med. 2000;162:258–63.

2�. Yamane K, Ihn H, Kubo M, Yazawa N, Kikuchi K, Soma Y, et al. Serum levels of KL-6 as a useful
marker for evaluating pulmonary �brosis in patients with systemic sclerosis. J Rheumatol.
2000;27:930–4.

29. Yanaba K, Hasegawa M, Takehara K, Sato S. Comparative study of serum surfactant protein-D and
KL-6 concentrations in patients with systemic sclerosis as markers for monitoring the activity of
pulmonary �brosis. J Rheumatol. 2004;31:1112–20.

30. Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK, et al. An o�cial ATS/ERS/JRS/ALAT
statement: idiopathic pulmonary �brosis: evidence-based guidelines for diagnosis and management.
Am J Respir Crit Care Med. 2011;183:788–824.

31. Godinas L, Corhay J-L, Henket M, Guiot J, Louis R, Moermans C. Increased production of TGF-β1
from sputum cells of COPD: Relationship with airway obstruction. Cytokine. 2017;99.

32. Guiot J, Bondue B, Henket M, Corhay JL, Louis R. Raised serum levels of IGFBP-1 and IGFBP-2 in
idiopathic pulmonary �brosis. BMC Pulm Med. 2016;16.

33. Hirota N, Ito T, Miyazaki S, Ebina M, Homma S. Gene expression pro�ling of lung myo�broblasts
reveals the anti-�brotic effects of cyclosporine. Tohoku J Exp Med. 2014;233:283–93.

34. Guiot J, Henket M, Corhay JL, Moermans C, Louis R. Sputum biomarkers in IPF: Evidence for raised
gene expression and protein level of IGFBP-2, IL-8 and MMP-7. Morty RE, editor. PLOS ONE. Public
Library of Science; 2017;12:e0171344.

35. Chadelat K, Boule M, Corroyer S, Fauroux B, Delaisi B, Tournier G, et al. Expression of insulin-like
growth factors and their binding proteins by bronchoalveolar cells from children with and without
interstitial lung disease. Eur Respir J. 1998;11.

3�. Khalil N, Greenberg AH. The role of TGF-beta in pulmonary �brosis. Ciba Found Symp.
1991;157:194–207; discussion 207-11.

37. Cossu M, van Bon L, Preti C, Rossato M, Beretta L, Radstake TRDJ. Earliest Phase of Systemic
Sclerosis Typi�ed by Increased Levels of In�ammatory Proteins in the Serum. Arthritis Rheumatol.
2017;69:2359–69.

3�. La Montagna G, D’Angelo S, Valentini G. Cross-sectional evaluation of YKL-40 serum concentrations
in patients with systemic sclerosis. Relationship with clinical and serological aspects of disease. J
Rheumatol. 2003;30:2147–51.

39. Nordenbæk C, Johansen JS, Halberg P, Wiik A, Garbarsch C, Ullman S, et al. High serum levels of
YKL‐40 in patients with systemic sclerosis are associated with pulmonary involvement. Scand J



Page 15/19

Rheumatol. 2005;34:293–7.

40. Schnyder B, Bogdan JA, Schnyder-Candrian S. Role of interleukin-8 phosphorylated kinases in
stimulating neutrophil migration through �brin gels. Lab Investig J Tech Methods Pathol.
1999;79:1403–13.

41. Kadono T, Kikuchi K, Ihn H, Takehara K, Tamaki K. Increased production of interleukin 6 and
interleukin 8 in scleroderma �broblasts. J Rheumatol. 1998;25:296–301.

42. Lauretis AD, Sestini P, Pantelidis P, Hoyles R, Hansell DM, Goh NSL, et al. Serum Interleukin 6 Is
Predictive of Early Functional Decline and Mortality in Interstitial Lung Disease Associated with
Systemic Sclerosis. J Rheumatol. The Journal of Rheumatology; 2013;40:435–46.

43. Kania G, Rudnik M, Distler O. Involvement of the myeloid cell compartment in �brogenesis and
systemic sclerosis. Nat Rev Rheumatol. Nature Publishing Group; 2019;15:288–302.

44. Kim W-U, Min S-Y, Cho M-L, Hong K-H, Shin Y-J, Park S-H, et al. Elevated matrix metalloproteinase-9 in
patients with systemic sclerosis. Arthritis Res Ther. 2005;7:R71.

45. Distler O, Highland KB, Gahlemann M, Azuma A, Fischer A, Mayes MD, et al. Nintedanib for Systemic
Sclerosis–Associated Interstitial Lung Disease. N Engl J Med. Massachusetts Medical Society;
2019;380:2518–28.

Figures

Figure 1

Study design.
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Figure 2

Serum biomarkers in SSc patients compared to HS. Comparison of the concentration of a IGF-1, b IGFBP-
1, c IGFBP-2, d IGFBP-3, e IL-8 and f MMP-9 in SSc patients and HS. Data are expressed as median (IQR –
CI 90%). * p<0.05 **p<0.01 ***p<0.001 compared to HS. HS: healthy subjects; IGF-1: Insuline like growth
factor-1; IGFBP-1 , -2, -3 : Insulin like Growth Factor Binding Protein -1,-2,-3; IL-8: Interleukin-8; MMP-9:
Matrix metalloproteinase-9; SSc: Systemic sclerosis.
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Figure 3

Correlation at baseline between KCO (% pred) and IGFBP-2 levels in SSc cohort. IGFBP-2: Insuline-like
growth factor-2; KCO: The carbon monoxide transfer coe�cient.
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Figure 4

Identi�cation of prognostic value of IGFBP-2 for the development of SSc-ILD. a KCO (%) variation in the 2-
year longitudinal analysis. b Correlation study between the variation of IGFBP-2 (between baseline and 2-
year follow-up) and KCO (at 2-year follow-up). c Longitudinal analysis of KCO (%) in SSc subgroups with
higher or lower variation of IGFBP-2 (ΔIGFBP-2 ≥ or ≤ 22%). d Levels of baseline IGFBP-2 for SSc
subgroups with higher or lower variation of IGFBP-2 (≥ or ≤ 22%). e ROC curve analysis to determine the
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level of baseline IGFBP-2 which will enable to discriminates the two group of SSc patients (ΔIGFBP-2 ≥
and ≤ 22%). f KCO (%) at 2-year follow-up of SSc patients with presenting baseline IGFBP-2 higher or
lower than 105 ng/ml. * p<0.05 **p<0.01 ***p<0.001. AUC: area under the curve; IGFBP-2: Insuline-like
growth factor-2; KCO: The carbon monoxide transfer coe�cient.
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