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Abstract: Systemic sclerosis, a connective tissue disease of unknown etiology and un-
predictable outcomes, is characterized by the fibrosis of the skin and internal organs,
vasculopathy, and immune system dysregulation. The disease is classified into two main
subtypes, which differ in clinical presentation, complications, and prognosis. While several
biomarkers have been proposed to distinguish between these subtypes, none have achieved
high sensitivity and specificity. The search for dependable markers that can differentiate
between the two primary subtypes of systemic sclerosis continues. To address this gap, our
study evaluated the utility of novel cardiac biomarkers, including growth differentiation
factor 15 (GDF15), galectin-3, mid-regional pro-atrial natriuretic peptide (MR-proANP),
glutathione S-transferase π, mid-regional adrenomedullin, and soluble urokinase plasmino-
gen activator receptor (suPAR), in a cohort of 79 patients with both lcSSc and dSSc subtypes.
The results demonstrated a significant elevation of GDF15 (medians: 2.07 vs. 1.10 ng/L;
p < 0.001) and MR-proANP (92.55 vs. 65.60 pmol/L; p < 0.05) levels in SSc patients com-
pared to healthy controls. Moreover, GDF15 (1.65 vs. 2.34 ng/mL; p < 0.05), MR-proANP
(80.87 vs. 109.27 pmol/L; p < 0.05), and suPAR (1.83 vs. 2.44 ng/mL; p < 0.05) levels were
notably higher in patients with dSSc compared to those with lcSSc. In the ROC analysis,
only GDF-15, MR-proANP, and suPAR proved to have a statistically significant area under
the curve (AUC). Patients with the GDF-15 ≥ 2182 ng/mL, MR-prANP ≥ 85.808 pmol/L,
and suPAR ≥ 2.315 ng/mL have more than six-, eight-, and seven-times-higher odds for dc-
SSc, respectively. These findings highlight the potential of GDF15, suPAR, and MR-proANP
as biomarkers for differentiating between the two main subtypes of systemic sclerosis.

Keywords: systemic sclerosis; GDF15; galectin-3; MR-proANP; glutathione S-transferase π;
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1. Introduction
Systemic sclerosis is a connective tissue disease of unknown origin and unpredictable

clinical course. It is characterized by skin and internal organ fibrosis, vasculopathy, and
immune abnormalities, marked by the unequivocal presence of autoantibodies. While skin
hardening and fibrosis constitute the hallmark of the disease, internal organ involvement
and subsequent damage represent the most pressing concern in affected patients [1]. Ac-
cording to the canonical classification proposed by Le Roy, systemic sclerosis is categorized
into two primary subtypes: limited and diffuse. The limited subtype is characterized by
skin hardening that is restricted to the hands and feet, not extending beyond the level of
the elbows and knees. In contrast, the diffuse subtype involves skin hardening that is also
observable in the trunk, legs, and arms [2]. Distinguishing between the two main subtypes
provides valuable clinical information regarding the disease’s progression, complications,
and the spectrum of internal organ involvement. Currently, the distinction between sub-
types is primarily based on the clinical presentation and the spectrum of autoantibodies
found in individual patients. However, there are numerous cases where this classification
is imprecise, leading to the inadequate categorization of many patients.

Considering the nearly 250 distinct metabolic and immunologic pathways through
which inflammatory and profibrotic signals are mediated, biomarkers are likely to gain
increasing attention in both research and clinical applications, particularly in the diag-
nosis and treatment of the disease. Presently, available biomarkers are predominantly
associated with internal organ involvement and, to a lesser degree, with specific disease
subtypes. However, a significant gap remains in the availability of biomarkers that can
both differentiate disease subtypes and provide insights into cardiac function.

Recently, new biomarkers for heart dysfunction, such as growth differentiation factor
15 (GDF-15), galectin-3, mid-regional pro-atrial natriuretic peptide (MR-proANP), and
soluble urokinase plasminogen activator receptor, have emerged. These biomarkers are
extensively investigated in cardiovascular diseases, with particular emphasis on heart
failure. Except for galectin-3, the role of these compounds in systemic sclerosis has not
been assessed either comprehensively across the entire disease spectrum or specifically
concerning the subtype of the disease.

The role of GDF-15 in the general population is being extensively investigated as a
biomarker for both acute heart failure and the prediction of adverse outcomes. Elevated
levels of this molecule are commonly observed in patients with heart failure both with
preserved and reduced ejection fraction. However, the prognostic performance of GDF-
15 in HFrEF and HFpEF is limited, as it is significantly influenced by renal function [3].
At the molecular level, GDF-15 is recognized as a biomarker reflecting oxidative stress,
inflammation, and cellular aging [4]. In patients with systemic sclerosis, growth differ-
entiation factor 15 (GDF-15) is associated with the diffuse subtype of the disease and its
related complications.

These include arterial pulmonary hypertension, interstitial lung disease, and reduced
forced vital capacity, as well as the presence of anti-TOPO I antibodies and an active
capillaroscopic pattern observed during examination [5]. Furthermore, this study confirmed
the role of GDF15 as a predictor for systemic sclerosis-related interstitial lung disease and
elevated pulmonary artery pressure [6].

The mid-regional pro-atrial natriuretic peptide (MR-proANP) has been studied in
patients with heart failure, with evidence suggesting its non-inferiority to NT-proBNP in
diagnosing acute heart failure in the general population. In some studies, a significant value
for risk stratification of adverse cardiovascular events in heart failure was demonstrated [7].
Furthermore, MR-proANP has proven to be a reliable marker for pulmonary hypertension
in patients with systemic sclerosis [8]. However, to date, MR-proANP has not been exten-
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sively studied in patients with systemic sclerosis nor linked to any specific disease features.
The same applies to mid-regional pro-adrenomedullin (MR-proADM), the peptide that
demonstrated strong anti-inflammatory and anti-apoptotic effects. Similar to MR-proANP,
MR-proADM has been recognized as a potential biomarker for pulmonary hypertension in
patients with systemic sclerosis [8]. The peptide also plays a role in maintaining endothelial
integrity, preserving microvascular circulation, reducing vascular resistance, and generally
improving left ventricular function [9]. In several studies involving patients with heart
failure, elevated levels of MR-proADM were associated with a worse cardiovascular prog-
nosis [10,11]. However, the role of this peptide in systemic sclerosis has not been discussed,
and data regarding its significance in SSc are lacking.

The final biomarker studied, suPAR, plays a crucial pathophysiological role by inter-
acting with transmembrane proteins, such as integrins. This interaction is involved in the
regulation of cell growth, migration, differentiation, and adhesion. suPAR mediates inflam-
mation, the immune response, tissue remodeling, and angiogenesis, and is implicated in
the progression of fibrotic diseases, such as systemic sclerosis (SSc) and rheumatoid arthri-
tis [12]. There are limited reports on the role of soluble urokinase plasminogen activator
receptor (suPAR) in systemic sclerosis (SSc), with studies generally indicating elevated
suPAR levels in comparison to healthy controls. Given its significant profibrotic potential,
it is plausible that suPAR may serve as an indicator of fibrotic and vascular manifestations,
potentially acting as a valuable biomarker.

Moreover, a significant discrepancy is observed between the diffuse and limited forms
of the disease, with suPAR levels being higher in the former [13,14].

A Plethora of Disease Biomarkers with Potential Utility in Systemic Sclerosis Has
Been Proposed in Recent Years. However, None of Them Demonstrated Superiority Over
NT-proBNP in Patients with Systemic Sclerosis

The use of NT-proBNP as a biomarker in systemic sclerosis (SSc), however, presents
several limitations, including a lack of specificity. NT-proBNP serves mainly as an indicator
of cardiac dysfunction and is influenced by comorbidities, such as pulmonary hypertension
and chronic kidney disease. Furthermore, direct comparisons between BNP and MR-
proANP in some studies have shown that MR-proANP is more strongly associated with the
highest risk of adverse outcomes per proportional increase in plasma concentrations. It also
demonstrated superior predictive value for recurrent heart failure, thereby diminishing the
significance of BNP in multimarker prognostic models [7].

To address this gap, we evaluated the utility of several heart failure biomarkers in
patients with systemic sclerosis, aiming to determine whether these biomarkers could
effectively reflect cardiac status and aid in distinguishing disease subtypes. Furthermore, it
aimed to correlate these biomarkers with disease progression, internal organ damage, and
overall disease severity and activity.

2. Results
2.1. Study Group Characteristics

The observational cohort comprised 79 patients with scleroderma, with a mean age
of 53.5 ± 12.0 years and a median disease duration of 5 years. The laboratory results
were compared with those of 25 age- and sex-matched controls. Within the cohort, there
was a predominance of patients with the diffuse type of the disease (51 vs. 28 patients),
and the female-to-male ratio was 3:1. The disease duration from the first non-Raynaud
symptom did not differ between the two groups of patients. All the patients were positive
for antinuclear antibodies (ANA). A detailed analysis revealed that 49 (62.0%) patients
were positive for Scl-70 antibodies, with 8 in the lcSSc and 41 in dcSSc. Additionally,
anti-centromere antibodies (ACA) were present in 16 patients with lcSSc and 2 patients
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with dcSSc. The patients recruited for the study were characterized by high disease activity.
Specifically, they exhibited widespread skin involvement with a mean modified Rodnan
skin score (mRSS) of 12.1 (SD = 8.13) and a high European Scleroderma Study Group
(EScSG) activity index of 3.58 (SD = 2.38). Additionally, with a disease duration exceeding
five years, significant damage to internal organs and systems was observed, resulting in
a high Medsger damage index, calculated for the entire group, with a mean value of 7.99
(SD = 3.58)—Table 1. The patients exhibited typical symptoms of the disease, including
Raynaud’s phenomenon and skin damage, such as scars, active ulceration, telangiectasia,
and digital necrosis. Esophageal involvement was observed in 70.1% of all the patients,
defined as either persistent esophageal dysmotility or dilation of the esophagus on routine
barium X-ray. Joint involvement was present in nearly 70% of the patients, identified
through physical examination and assessments for joint edema or joint pain (arthralgia).
However, no significant differences in the frequency of musculoskeletal system involvement
were observed between the two patient groups. Given the nature of the disease, the
physical examination of the joints also focused on tendon friction rubs, which were present
in 36.7% of the patients, more prevalent although statistically insignificant in the diffuse
type of the disease (25.0% vs. 43.1%; p = 0.18). Additionally, interstitial lung disease was
diagnosed in 73.4% of the patients based on HRCT results, characterized by ground-glass
opacities, subpleural reticulation with or without pleural irregularities, bronchiectasis,
and honeycombing with pleural traction. More than half of the patients (52.6%) showed
an active pattern in nailfold capillaroscopy, with an additional 11.8% patients displaying
an early pattern. The patients received standard treatments for the disease, including
cyclophosphamide, mycophenolate mofetil, azathioprine, and methotrexate. Some patients
were treated with more than one immunosuppressant. Fourteen patients were treated with
oral steroids, although the dose did not exceed 10 mg, as calculated based on prednisone.
The complete clinical characteristics are presented in Table 1.

Table 1. Demographic and disease activity characteristics of the study cohort.

Parameter

Gender, n (%) Female:male 59:20 (74.7%:25.3%)

Age (years), mean ± SD 53.5 ± 12.0

Disease duration (from non-Raynaud symptoms)
(Years), median (Q1;Q3) 5.0 (2.0; 9.0)

Disease subtype, n (%) Limited 28 (35.4%)
Diffuse 51 (64.6%)

Serological status, n (%)
Anti-SCL70
Anti-ACA
Anti-RNP

49 (62%)
18 (22.8%)
2 (2.5%)

Capilaroscopic pattern, n(%)
Early
Active
Late
Normal/other

9 (11.8%)
40 (52.6%)
25 (32.9%)
4 (5.3%)

Activity/Severity

Skin involvement (mRSS) [pts], mean ±SD 12.10 ± 8.13
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Table 1. Cont.

Parameter

Disease severity/damage (Medsger scale) [pts],
mean ± SD 7.99 ± 3.58

Disease activity (European Scleroderma Study Group (EScSG) Activity Index)
[pts], mean ± SD 3.58 ± 2.38

ESR (mm/h), median (Q1;Q3) 14 (8; 26)

DLCO [% expected value], mean ± SD 73.2 ± 20.3

NT-proBNP [ng/L] Median (Q1;Q3) 169.0 (89.0; 396.0)
Anti-SCL70 antibody against SCL 70 (topoisomerase I); Anti-ACA—anticentromere antibody, Anti-RNP a—antibodies
to ribonucleoprotein; mRSS—modified Rodnan Skin Score; ESR—erythrocyte sedimentation rate, DLCO—diffusing
capacity of the lungs for carbon monoxide; NT-proBNP— N-terminal pro b-type natriuretic peptide.

The analysis performed for the two disease subtypes revealed significant differences,
presented in Table 2. Specifically, patients with limited cutaneous systemic sclerosis (lcSSc)
exhibited lower modified Rodnan skin scores (mRSS 7.68 ± 4.93 vs. 14.53 ± 8.54; p < 0.001),
had the less-active disease (EScSG 2.50 ± 1.66 vs. 4.16 ± 2.51; p < 0.01), and experienced less
damage compared to patients with the diffuse form of scleroderma (Metsger 5.68 ± 2.55 vs.
9.25 ± 3.44; p < 0.001). Striking differences were also observed in the respiratory system:
patients with dcSSc had a higher prevalence of interstitial lung disease, lower DLCO values,
and poorer results in lung function tests (Table 2).

Table 2. Clinical Characteristics of the Patients.

Clinical Characteristics All Limited (lcSSc) Diffuse (dcSSc) p Value *

Raynaud phenomenon, n (%) 77 (97.5%) 27 (96.4%) 50 (98.0%) >0.99

Proximal muscle weakness, n (%) 33 (41.8%) 10 (35.7%) 23 (45.1%) 0.57

Tendon friction rubs, n (%) 29 (36.7%) 7 (25.0%) 22 (43.1%) 0.18

Gastrointestinal involvement, n (%) 56 (70.9%) 16 (57.1%) 40 (78.4%) 0.08

Interstitial lung disease, n (%) 58 (73.4%) 13 (46.4%) 45 (88.2%) <0.001

Pulmonary hypertension, n (%) 14 (17.7%) 3 (10.7%) 11 (21.6%) 0.36

Coronary artery disease, n (%) 28 (35.4%) 7 (25.0%) 21 (41.2%) 0.23

ECG conduction disturbances, n (%) 36 (45.6) 7 (25.0%) 29 (56.9%) <0.05

ECG arytmia, n (%)
Atrial fibrillaton, n (%)

Premature ventricular complexes

35 (44.3%)
12 (15.1%)
15 (18.9%)

5 (17.9%)
2 (2.5%)
7 (8.8%)

28 (54.9%)
10 (12.6%)
8 (10.1%)

<0.01
<0.05
0.21

Echocardiographic parameters

(LA) [mm] 35.1 ± 5.0 34.8 ± 6.0 37.4 ± 5.4 0.17

LVEDd [mm] 49.3 ± 2.9 48.5 ± 4.1 49.7 ± 6.5 0.18

LVESd [mm] 29.2 ± 4.4 29.0 ± 3.0 30.6 ± 7.6 0.26

Ao [mm] 33.6 ± 3.3 32.6 ± 3.4 35 ± 4.1 0.12

RVEDd (RV) [mm] 26.6 ± 3.6 26.3 ± 3.5 28.1 ± 4.5 0.24

IVSd [mm] 10.1 ± 1.1 9.7 ± 1.4 10.5 ± 1.4 0.33

PWTd (LVPW) [mm] 9.8 ± 0.8 9.6 ± 0.7 10.1 ± 1.1 0.59
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Table 2. Cont.

Clinical Characteristics All Limited (lcSSc) Diffuse (dcSSc) p Value *

Ejection fraction,
Median (25%; 75%)

60.00
(55.00; 60.00)

60.00
(60.00; 60.00)

60.00
(55.00; 60.00) <0.01

Dyspnoë, n (%) 44 (55.7%) 8 (28.6%) 36 (70.6%) <0.001

Hypocomplementemia, n (%) 9 (11.3%) 3 (10.7%) 6 (11.8%) >0.99

Ground glass HRCT, n (%) 40 (50.6%) 9 (32.1%) 31 (60.8%) <0.05

Puffy fingers current, n (%) 37 (46.8) 12 (42.9%) 25 (49.0%) 0.77

Scleroderma capillary pattern early, n (%) 9 (11.3%) 3 (11.1%) 6 (12.2%) >0.99

Scleroderma capillary pattern active, n (%) 40 (50.6%) 15 (55.6%) 25 (51.0%) 0.89

Scleroderma capillary pattern late, n (%) 25 (31.6%) 8 (29.6%) 17 (34.7%) 0.85

Non-specific capillary pattern, n (%) 4 (5.0%) 3 (11.1%) 1 (2.0%) 0.25

Dry cough, n (%) 36 (45.6) 10 (35.7%) 26 (51.0%) 0.29

Muscle_pain, n (%) 36 (45.6) 11 (39.3%) 25 (49.0%) 0.55

Arthritis, n (%) 55 (69.6) 20 (71.4%) 35 (68.6%) >0.99

* Comparison between diffuse and limited type of the disease, LA left atrium, LVEDd—left ventricular end-
diastolic diameter, LVESd—left ventricular end-systolic diameter, Ao—aorta, RVEDd right ventricular end-
diastolic diameter, IVSd—interventricular septum diameter, and PWTd (LVPW)—posterior wall thickness.

2.2. Heart Studies

Routine ECG records and historical data from patients’ charts revealed arrhythmias
(17.7% vs. 54.9%; p < 0.05) and conduction disturbances (25.0% vs. 56.9%; p < 0.05) more
frequently in the diffuse-type group. Routine echocardiographic studies did not show
significant differences between the two disease groups in most of the parameters studied.
The systolic function of the heart was preserved in all the subjects in both groups, although
patients with lcSSc had slightly higher ejection fractions compared to those with the diffuse
type (p < 0.01). Pulmonary hypertension was diagnosed in 17.1% of the entire group
(data presented in Table 2). The frequency of this comorbidity was higher in the dcSSc
group; however, the results did not reach statistical significance. Additionally, pulmonary
hypertension was not correlated with the type of antinuclear antibody positivity or the
presence of lung fibrosis. This finding may suggest the presence of type I arterial pulmonary
hypertension, although invasive assessment was not performed.

2.3. Inflammatory and Heart Biomarkers

In general, patients with the diffuse type of systemic sclerosis were characterized by
higher concentrations of inflammatory markers, reflecting a more severe disease course.
Specifically, patients with dcSSc had elevated ESR 18 (12; 34) vs. 10 (5;16); p < 0.01) and
CRP values above the upper normal limit (41.2% vs. 17.9%; p < 0.05). Additionally, beyond
routine inflammatory markers, levels of two typical proinflammatory cytokines, TNF-α and
IL-6, were assessed. Among these cytokines, only TNF-α levels were significantly elevated
in patients compared to controls and were also higher in the diffuse systemic sclerosis
(dcSSc) group compared to the limited systemic sclerosis group. No changes between
lcSSc and dcSSC were noted in relation to NT-proBNP level. Several potentially new heart
biomarkers were tested for their utility in systemic sclerosis patients. Among them, only
GDF-15 (p < 0.001) and MR-proANP (p < 0.05) levels were found to be statistically higher in
patients with systemic sclerosis compared to controls; more data emerged from a detailed
analysis of heart biomarkers. When assessing the concentrations of biomarkers in dcSSc
and lcSSc patients separately, we observed that MR-proANP (p < 0.05), GDF-15 (p < 0.05),
and suPAR (p < 0.05) were elevated in patients with the diffuse type of the disease—Table 3.
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Table 3. Comparison of heart biomarkers and proinflammatory cytokines profile in patients with
systemic sclerosis and healthy controls according to the subtype of the disease.

Parameter Patients,
n = 79

Controls,
n = 27 p Value 1 Limited SSc, n = 28 Diffuse SSc, n = 51 p Value 2

GDF15 (ng/mL) 2.07
(1.18; 2.93)

1.10
(0.82; 1.24) <0.001 1.65

(0.82; 2.02)
2.34
(1.36; 3.06) <0.05

Galectin 3 (ng/mL) 0.45
(0.09; 1.54) 0.22 (0.08; 0.87) 0.40 0.16

(0.09; 0.73)
0.56
(0.08; 1.90) 0.46

GSTp (ng/mL) 0.23
(0.12; 0.51)

0.27
(0.13; 0.96) 0.38 0.24 (0.16; 0.30) 0.23

(0.12; 0.56) 0.94

MR-proANP
(pmol/L)

92.55
(76.52; 166.61)

65.60
(56.85; 129.11) <0.05 80.87 (65.59; 86.80) 109.27

(82.41; 195.22) <0.05

suPAR (ng/mL) 2.19 (1.77; 2.80) 1.94
(1.69; 2.25) 0.21 1.83 (1.75; 2.19) 2.44

(1.91; 2.93) <0.05

MR-proADM
(pmol/L) 1.75 (1.25; 2.64) 1.71

(1.30; 1.82) 0.30 1.98 (1.17; 2.98) 1.71
(1.25; 1.97) 0.40

TNF-α (pg/mL) 5.63
(3.85; 8.64)

10.50
(6.64; 21.50) <0.01 4.41 (3.53; 5.27) 6.82

(4.46; 8.93) <0.05

IL-6 (pg/mL) 8.85
(2.00; 48.99)

2.30
(2.00; 35.60) 0.72 2.00

(2.00; 28.38)
13.05
(2.00; 52.11) 0.31

Median (Q1; Q3), p Value 1 patients compare to controls, p Value 2 patients with dcSSc compared to patients
with lcSSc.

In the second phase of the study, we performed linear regression or correlations to
removedestablish the relationships between the biomarkers studied and various disease
parameters. Among the biomarkers studied, GDF-15 correlated positively with markers of
inflammation, such as CRP, leukocyte count, and platelet count, and strongly negatively
with DLCO. Additionally, an association with leukocyte count was observed for both
galectin-3 and MR-proADM, with the former showing a positive correlation (p = 0.36;
p < 0.05) and the latter a negative one (p = −0.41; p < 0.01). Additional data come from the
analysis of suPAR, which showed a negative correlation with DLCO (p = −0.41; p < 0.01).
Finally, the biomarker GSTp failed to show any significant relationship with the parameters
studied. No correlations were found between the biomarkers and disease activity, severity,
damage, cardiac function (including ejection fraction and atrial fibrillation), or extent of
skin involvement.

Furthermore, we assessed whether the inflammatory state, measured by the expression
of typical proinflammatory cytokines (TNF-α and IL-6), could exert a regulatory effect on
the expression of the cardiac biomarkers tested in this study. Our findings revealed that
TNF-α positively correlated with the concentration of suPAR (ρ = 0.36; p < 0.05), while
exerting a negative effect on MR-proADM levels (ρ = −0.38; p < 0.05). Furthermore, a
significant positive correlation was observed between galectin-3 and suPAR concentrations
(ρ = 0.40; p < 0.001).

We also checked whether biomarkers can distinguish between the diffuse subtype and
limited type and if it is possible to find a cut-off of biomarkers dividing both subtypes. In
the ROC analysis, only GDF-15, MR-proANP, and suPAR proved to have a statistically
significant area under the curve (AUC). The most sensitive (Se) biomarker for distinguishing
dSSc from IsSSc was MR-proANP, which also has the highest value of negative predictive
value (NPV). The GDF-15 proved to be the most specific (Sp) biomarker with the highest
value of positive predictive value (PPV-) as presented in Table 4.
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Table 4. Results of the ROC analysis.

Biomarker Cut-Off AUC p Se (%) Sp (%) PPV (%) NPV (%)

GDF-15
(ng/mL) ≥2.182 0.706

(0.541–0.870) <0.05 61.3
(42.2–78.2)

82.0
(56.6–96.2)

86.4
(63.9–93.5)

53.8
(35.0–84.6)

MR-proANP
(pmol/L) ≥85.808 0.714

(0.558–0.871) <0.01 73.3
(54.1–87.7)

75.0
(47.6–92.7)

84.6
(62.5–93.5)

60.0
(39.1–86.5)

suPAR
(ng/mL) ≥2.315 0.700

(0.543–0.857) <0.05 63.3
(43.9–80.1)

81.2
(54.4–96.0)

86.4
(63.5–93.6)

54.2
(34.8–86.6)

Mean value (95% confidence interval); AUC—area under the curve, Se—sensitivity, Sp—specificity, and
PPV/NPV—positive/negative predictive value.

Patients with the GDF-15 value ≥2.182 ng/mL have more than 6-times-higher odds for
dSSc (OR = 6.46, 95% CI: 1.54–27.18; p < 0.01), with the MR-proANP value ≥85.808 pmol/L
have more than 8-times-higher odds for dcSSc (OR = 8.25, 95% CI: 2.05–33.16; p < 0.01),
and with the suPAR value ≥2.315 ng/mL have more than 7-times-higher odds for dcSSc
(OR = 7.48, 95% CI: 1.74–32.18; p < 0.01). Taking all the results into account, we can say that
MR-proANP is the best biomarker distinguishing both types of SSc—Figure 1.
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Figure 1. Role of Biomolecules in Two Subtypes of Systemic Sclerosis.

Three biomolecules proposed as biomarkers for differentiating between diffuse and
limited systemic sclerosis are produced by progenitor myelopoietic cells (SuPAR), the
muscle of the left atrium of the heart (MR-proANP), and macrophages (GDF-15). In
systemic sclerosis, these molecules are associated with various disease complications,
including pulmonary hypertension, lung fibrosis, and microvascular damage (evidenced
by an active pattern in capillaroscopy). In contrast to their use in the general population
as biomarkers of heart function and heart failure, these molecules are not associated with
heart function in systemic sclerosis.

3. Discussion
The search for new biomarkers in a given disease is crucial, particularly in light of

the disease’s heterogeneity. This task is especially challenging in systemic sclerosis due
to its complex clinical presentation. An ideal biomarker should correlate with the clinical
parameters of the disease, aiding physicians in making accurate diagnoses and drawing
appropriate conclusions that lead to effective therapeutic interventions. In recent years,
several novel biomarkers for cardiac function have been proposed. However, except for



Int. J. Mol. Sci. 2025, 26, 3938 9 of 16

galectin-3, and to a lesser degree suPAR, the utility of these molecules has not yet been
extensively tested in systemic sclerosis [14]. We excluded from this study patients with over-
lap syndrome, diagnosed malignancies, and a history of prior cardiovascular events. This
was done to preserve the homogeneity of the patient cohort, considering that biomarker
levels may be influenced by various comorbidities, particularly other connective tissue dis-
eases, cancer, and advanced atherosclerosis. By doing so, we aimed to assess the influence
of the primary disease on the studied parameters. In our study, we observed no significant
difference in galectin-3 levels between patients with systemic sclerosis and the control
group, nor between those with a limited cutaneous and diffuse subtype of the disease. This
finding contrasts with previous research and may be attributable to the inclusion of patients
with longer disease durations This observation aligns with the work of Taniguchi et al.,
who demonstrated that disease duration has a significant impact on galectin-3 levels [15].
Specifically, galectin-3 levels are significantly reduced in the early stages of the disease but
tend to increase as the disease progresses. Furthermore, the results of our study stand in
stark contrast to those of Sundblad et al., an Argentinian group that reported differences
in galectin-3 levels between the diffuse and limited subtypes of systemic sclerosis and
established a relationship between galectin-3 levels and clinical presentation [16]. The
discrepancies between these studies may be attributed to differences in patient populations.
In Sundblad’s study, the dcSSc to lcSSc ratio was 1:3, whereas, in our study, the ratio was 3:1
in favor of the diffuse subtype. Additionally, Sundblad’s study included patients with over-
lap syndromes, whereas our study excluded such patients. These differences might also
account for the lack of correlation between galectin-3 concentration and clinical features in
our study. To our surprise, we did not observe any relationship between cardiac function
(including pulmonary hypertension, left ventricular systolic function, and NT-proBNP
levels) and the concentration of galectin-3, despite galectin-3 being widely recognized
as a promising biomarker not only in systemic sclerosis patients but also in the general
population with cardiovascular diseases [17–19].

More promising findings emerged from the analysis of other biomarkers, particularly
GDF15. In our study, GDF15 levels were significantly higher in patients with systemic
sclerosis compared to healthy controls and also varied significantly between disease sub-
types, consistent with previous reports. Notably, our results align with the study by
Oller-Rodrigues, which also observed striking differences in GDF15 levels between lcSSc
and dcSSc [5]. Furthermore, GDF15 was associated with hematopoietic system function
and lung function (DLCO). Regarding the latter, our findings are in perfect agreement
with those of Meadows et al., who reported an inverse correlation between GDF15 and
DLCO [20]. However, unlike Meadows’ study, we did not find any relationship between
GDF15 levels and pulmonary hypertension or NT-proBNP levels. The confirmation of
previous findings on GDF-15 supports its potential as a promising biomarker. However,
given the discrepancies observed between studies, further research is necessary to clarify
the precise role of this biomarker. Considering the variations in disease duration and
patient characteristics between our study and those previously published, it is crucial to
determine the appropriate stage of systemic sclerosis during which GDF-15 should be as-
sessed. This approach appears reasonable in light of a five-year follow-up study conducted
in the Czech Republic, where GDF-15 levels were found to increase significantly over time
in conjunction with disease progression [21]. Additionally, it is important to identify the
specific disease subtypes in which measuring GDF-15 concentrations may provide valuable
clinical insights.

This study represents the first instance in which the soluble urokinase plasminogen
activator receptor (suPAR) has been evaluated as a potential biomarker for both heart
function and the subtype of systemic sclerosis. Although suPAR levels did not significantly
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differ between patients and controls, they were statistically higher in patients with the
diffuse subtype of the disease. It appears plausible that suPAR is positively regulated
by TNF-α in systemic sclerosis, as the levels of these molecules are mutually correlated.
Furthermore, a detailed correlation analysis revealed that suPAR expression is associated
with clinical manifestations of systemic sclerosis, such as lung function (DLCO) and NT-
proBNP levels. Our findings are consistent with previous studies, which demonstrated a
positive correlation between suPAR levels and DLCO in patients with systemic sclerosis [13].
In the general population, elevated suPAR levels are indicative of low-grade inflammation,
aligning with the regulation of suPAR by TNF-α observed in our study [22]. Furthermore,
as established in the general population, suPAR levels are significantly correlated with
various inflammatory markers, including TNF-α, which our findings also corroborate [23].
Therefore, it is unsurprising that higher suPAR levels were observed in patients with
diffuse cutaneous systemic sclerosis (dcSSc), a more severe form of the disease. Collectively,
these results reinforce the role of suPAR as a potential biomarker in systemic sclerosis.
However, its correlation with only a single cardiovascular marker, NT-proBNP, suggests a
very limited utility of suPAR in assessing cardiac function. The role of suPAR in predicting
new-onset atrial fibrillation remains highly controversial, with one study suggesting a
potential association [24] and another failing to confirm it [25]. Consequently, the higher
prevalence of atrial fibrillation observed in patients with the diffuse form of the disease is
likely to have little or no influence on the concentration of this biomarker. Another potential
biomarker for systemic sclerosis investigated in our study was the mid-regional pro-atrial
natriuretic peptide (MR-proANP), a member of the large natriuretic peptide family. The
significance of this biomarker has been increasingly recognized, as its measurement offers
valuable insights into the cardiovascular status of patients, particularly in conditions
such as pulmonary hypertension, heart failure, or pulmonary embolism [26–28]. Only
one study has investigated MR-proANP levels in systemic sclerosis, and it was limited
to a cohort of patients with pulmonary hypertension [8]. Even though mid-regional
pro-atrial natriuretic peptide (MR-proANP) is a well-established prognostic marker in
various inflammatory, respiratory, and cardiovascular conditions, its role in systemic
sclerosis, particularly concerning disease activity, damage, and progression, has not yet
been thoroughly explored. In our study, MR-pro ANP levels were found to be elevated in
patients with SSc compared to healthy controls. Additionally, MR-pro ANP was effective
in distinguishing between patients with limited cutaneous systemic sclerosis (lcSSc) and
diffuse cutaneous systemic sclerosis (dcSSc), with significantly higher levels observed in
the latter group. Moreover, the ROC analysis demonstrated that MR-pro ANP exhibited
the greatest accuracy as a biomarker for differentiating between the two subtypes of the
disease. Our findings suggest that MR-pro ANP may serve as a promising biomarker
for systemic sclerosis and its subtypes. Unexpectedly, we were unable to demonstrate
any association between cardiac function, specifically cardiac arrhythmias such as atrial
fibrillation (AF), and the biomarkers evaluated in our study. This finding is particularly
surprising given the higher incidence of atrial fibrillation reported in patients with the
diffuse form of the disease.

In the general population, changes in mid-regional pro-atrial natriuretic peptide
(MR-proANP) levels are commonly utilized to identify individuals at elevated risk for
developing AF, cardioembolic stroke, and subsequent cardiovascular events following
stroke [29,30]. However, the relationship between already-established AF and MR-proANP
levels remains less well understood. Consequently, it is unclear whether the association
between MR-proANP and the onset of AF is specific to ischemic stroke or may be gener-
alized to all instances of atrial fibrillation. Moreover, in the general population, elevated
MR-proANP levels have been linked to inflammatory and septic conditions, suggesting a
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potential regulatory role of inflammatory cytokines — particularly TNF-α — in the expres-
sion of this biomarker, a mechanism also supported by findings in our study [31]. There
is limited knowledge regarding the role of MR-proADM and GSTp in systemic sclerosis.
MR-proADM has been studied in relation to pulmonary hypertension in systemic sclerosis
patients, with conflicting results reported [8,32]. However, in our study, we did not find any
significant relationship between MR-proADM and systemic sclerosis, the clinical presenta-
tion of the disease, or its subtypes. This may be attributed to the relatively small sample size,
as only 14 patients (17.7%) were diagnosed with pulmonary hypertension. Additionally,
we relied solely on echocardiographic examination, which is less precise than the gold
standard of right heart catheterization for the diagnosis of pulmonary hypertension. It is
also plausible to suggest, in line with the findings of the study by ten Freyhaus et al., that
MR-proADM may not have a significant role in the assessment of pulmonary hypertension
associated with systemic sclerosis [32].

The same holds for GSTp levels. In our study, the levels of this biomolecule did not
differ between patients and controls, nor between the two subtypes of the disease. To date,
GSTp levels have been assessed in the bronchoalveolar fluid of systemic sclerosis patients,
where they were found to be downregulated in individuals with lung fibrosis and were
thought to play a protective role in the development of pulmonary fibrosis [33]. Despite
GSTp being proposed as a valuable marker for predicting ventricular function in heart
failure patients, we did not observe any relationship between its levels and cardiac function
or the clinical presentation of the disease in our study [34].

Study Limitations

This study has several limitations. While we aimed to recruit a relatively large cohort
of patients, as a single-center study, the sample size, though substantial, may still be
insufficient to detect subtle associations that might emerge in larger populations. We
focused primarily on left ventricular systolic function, potentially overlooking patients
with heart failure with preserved ejection fraction (HFpEF), which is the predominant form
of cardiac involvement in this disease. Pulmonary hypertension was classified based solely
on echocardiography, which may lead to the misclassification of some cases. Consequently,
conclusions regarding the relationship between biomarkers and heart function should
be interpreted with caution, as they reflect only systolic heart function. Additionally, we
did not perform right heart catheterization, which may have led to the underdiagnosis or
overdiagnosis of pulmonary hypertension, as some cases would require catheterization
for definitive confirmation. Finally, the results of our study should be interpreted with
caution, as it is not possible to entirely exclude the influence of inflammatory status on
the biomarkers studied. In this context, we observed the impact of TNF-alpha on suPAR
and MR-proADM levels, as well as a reciprocal relationship between galectin-3 and suPAR.
Thus, we cannot definitively rule out the potential involvement of other proinflammatory
cytokines and the broader inflammatory status. This limitation may affect the utility of the
biomarkers examined but underscores the need for further research in this area.

4. Material and Methods
In this cross-sectional study, we recruited 79 patients diagnosed with systemic sclerosis

based on the ACR/EULAR criteria. Patients were recruited utilizing the local systemic scle-
rosis database of the Department of Rheumatology and Clinical Immunology in Voivode-
ship Hospital No 5 in Sosnowiec. According to the criteria proposed by Le Roy, we further
characterized patients based on the extent of skin involvement, categorizing them into lcSSc
and dcSSc. The disease duration has been calculated from the first non-Raynaud symptom
attributable to SSc. We excluded patients previously or currently treated with biologics
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(TNF inhibitors, IL-6 antagonists, and co-stimulation inhibitors) and those receiving B cell
depletion therapy, suffering from overlap syndromes (including but not limited to SSc/SLE,
SSc/PM, and SSc/RA), cancer, and those who had undergone bone marrow transplantation
or experienced cardiovascular events (myocardial infarction or drug-related cardiotoxicity),
as well as pregnant and lactating women.

The patients recruited for the study underwent detailed physical examinations and
comprehensive medical history assessments, which included demographic data, comorbidi-
ties, disease manifestations, and concurrent treatments. Standard laboratory assessments
were conducted in all the subjects, encompassing haematological parameters, liver function
tests, and the quantification of creatinine levels. The presence of antinuclear antibodies
(ANAs) was screened using the indirect immunofluorescence method with Hep-2 cell
lines. Subsequently, specific antibodies were further analyzed using an enzyme-linked
immunosorbent assay (ELISA), including antibodies targeting topoisomerase I (Scl-70
Topo I), anticentromere, U1RNP, U3RNP, polymerase I and III, Th/Th0, Ro, La, and Ro52.
(Euroimmun Lübeck, Groß Grönau, Germany).

The extent of skin fibrosis was measured using the modified Rodnan skin score across
17 specific regions, assessed by the same experienced examiner to minimize interobserver
bias. Esophageal dysmotility was evaluated based on the results of barium X-rays. Clinical
presentations such as arthritis, tenosynovitis, fingertip deformities, ulcerations, telangiec-
tases, and tendon friction rubs were assessed by the same experienced rheumatologist,
blinded to the biomarker assessment results. Per institutional policy, all subjects with
systemic sclerosis underwent routine high-resolution computed tomography (HRCT) at
the time of diagnosis and were re-evaluated within 1–2 years, or earlier if necessary. Con-
sequently, all the patients had an HRCT examination no older than 12 months. Based on
HRCT results, lung fibrosis was formally identified, and lung abnormalities were further
categorized into typical features such as ground-glass opacities and honeycombing. Addi-
tionally, all the patients underwent lung function tests within two weeks before the study
assessment. These tests included measurements of forced vital capacity (FVC), the ratio of
forced expiratory volume in one second to forced vital capacity (FEV1/FVC), total lung
capacity (TLC), and single-breath diffusing capacity for carbon monoxide corrected for
hemoglobin (DLCO), conducted following the guidelines of the American Thoracic Soci-
ety/European Respiratory Society. The results were expressed as percentages of predicted
values. Nailfold capillaroscopy was performed according to standard procedures using a
Dino-Lite capillaroscope. (Dino-Lite Europe NN Almere, The Netherlands)

Heart assessments were conducted clinically through heart and chest examinations,
followed by resting ECG recording, and echocardiography. Transthoracic echocardio-
graphic and Doppler examinations were performed by an experienced cardiologist who
was blinded to the clinical data. The calculation of left ventricular ejection fraction was
carried out using the modified Simpson’s rule, as per the built-in software. Pulmonary
arterial hypertension (PAH) was diagnosed in patients who demonstrated a tricuspid regur-
gitant jet velocity greater than 2.8 m/s, along with additional echocardiographic indicators
suggestive of PAH, following the 2022 guidelines of the European Society of Cardiology
(ESC) and the European Respiratory Society (ERS) [35].

The patients were receiving a variety of treatment regimens, which included the use of
immunosuppressants. The eligible-for-the-study patients were on a stable treatment regi-
men for at least three months. Steroid use was permitted at doses not exceeding 10 mg/day,
while immunosuppressants were allowed at standard doses (methotrexate < 25 mg/week;
mycophenolate mofetil < 2.0 g/day; and azathioprine < 200 mg/day). Intravenous cy-
clophosphamide was also permitted at cumulative doses not exceeding 1000 mg/month,
provided it had been administered at a stable dose for at least three months for intersti-
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tial lung disease. To minimize the drug-related bias, an assessment of heart dysfunction
biomarkers was performed no earlier than 28 days after the last infusion.

Patients were required to discontinue vasodilators, including calcium channel blockers
and angiotensin-converting enzyme inhibitors, at least three days before inclusion to
ensure more than five times the drug’s half-life had elapsed. Disease characteristics were
thoroughly documented, including disease-related damage, assessed using the Medsger
scale [36], and disease activity, measured according to the 2017 EUSTAR Activity Index [37].
A group of 25 age- and sex-matched individuals served as controls.

This study was designed and conducted in compliance with the Declaration of
Helsinki, and the protocol was approved by the Bioethical Committee of the Medical
University of Silesia, Poland (document identification code: PCN/0022/KB1/17/I/20/21,
issued on 30 March 2021). Informed consent was obtained from all the participants before
the initiation of any study procedures.

4.1. Laboratory Analysis

Peripheral blood samples were collected on ethylenediaminetetraacetic acid (EDTA) as
an anticoagulant from the forearm in the morning alongside routine analyses typically per-
formed in hospitalized individuals. The serum concentrations of cardiac biomarkers were
determined using commercially available ELISA assays as follows: GDF15, (BioVendor,
Brno, the Czech Republic); MR-proANP (Cusabio, Wuhan, China; galectin-3 (BioVen-
dor, Brno, the Czech Republic); IL-6 (BioVendor, Brno, the Czech Republic); glutathione
S-transferase π-GSTP (Immunodiagnostic, Bensheim, Germany); MR-proADM (Abbexa,
Cambridge, UK); and suPAR (BioVendor, Brno, the Czech Republic).

4.2. Statistical Analysis

Statistical analysis was performed using STATISTICA 13.0 PL (TIBCO Software Inc.,
Palo Alto, CA, USA) and R software v. 4.4.0 [R Core Team (2013). R: A language and
environment for statistical computing. R Foundation for Statistical Computing, Vienna,
Austria. http://www.R-project.org/, accessed 24 April 2024]. Statistical significance was
set at a p-value below 0.05. All the tests were two-tailed. Imputations were not conducted
for missing data. No multiple comparison methods were used in statistical analysis.
Nominal and ordinal data were expressed as percentages. Interval data were expressed as
the median, with lower (Q1) and upper (Q3) quartiles, or the mean with standard deviation
(SD), depending on the data distribution. The distribution of variables was evaluated by the
Anderson–Darling test and the quantile–quantile (Q–Q) plot. The homogeneity of variances
was assessed by the Levene test. Comparisons between the two groups were performed
with either the Mann–Whitney U test or with χ2 tests. To find the cut-off distinguishing
diffuse and limited SS, the ROC curve analysis with the Youden index was used. The
results were presented as the area under the curve (AUC), sensitivity (Se), specificity (Sp),
and positive and negative predictive values (PPN and NPV, respectively). The Spearman
rank correlation coefficient was used as a measure of association between variables.

5. Conclusions
A diverse range of novel cardiac biomarkers is continually being proposed for pre-

dicting cardiac function across various diseases. However, as demonstrated in our study,
even well-established biomarkers that are effective in the general population may not
perform equally well in the specific context of systemic sclerosis. Nevertheless, our findings
identify three cardiac biomarkers that could assist in identifying patients with systemic
sclerosis and differentiating between its two subtypes. These findings, if replicated in other
studies, particularly multicenter trials, could be of significant importance. They may help

http://www.R-project.org/
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distinguish between the two main subtypes of the disease and provide further insights into
its course, complications, and outcomes.

Notably, MR-proANP, with its high capacity to distinguish between the two subtypes
of the disease, emerges as a particularly promising biomarker.
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