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Background: Systemic sclerosis is a connective tissue disease characterized by vasculopathy and progressive fibrosis, leading to
multiorgan dysfunction. Given the complex and not fully elucidated pathogenesis, biomarkers of rapid disease progression and
therapeutic response are lacking. Copeptin, which reflects vasopressin activity in serum, is used in diagnosing or prognosing different
cardiometabolic conditions.

Objective: The aim of study was to investigate the concentration of copeptin in patients with systemic sclerosis and correlate it with
specific clinical symptoms.

Patients and Methods: Serum copeptin was measured in patients with systemic sclerosis (34 women and 3 men; mean age 57.6
years) and in healthy individuals (n=30) using commercially available ELISA kits. According to the criteria of LeRoy our systemic
sclerosis cohort consisted of 17 patients with limited cutaneous systemic sclerosis (45.9%) and 20 diffuse cutaneous systemic sclerosis
patients (54.1%). According to the criteria of LeRoy our systemic sclerosis cohort consisted of 17 patients with limited cutaneous
systemic sclerosis (45.9%) and 20 diffuse cutaneous systemic sclerosis patients (54.1%). The median duration of the disease was 10
[4-14] years.

Results: We found significantly higher copeptin concentration in patients with systemic sclerosis (4.21 pmol/L [3.04-5.42]) in
comparison to control group (3.40 pmol/L [2.38-3.76], p<0.01). Copeptin significantly correlated with Raynaud’s condition score
(r=0.801, p<0.05). Patients with “late” capillaroscopic patterns had higher copeptin concentrations (5.37 pmol/L [4.29-8.06]) than
patients with “early” (2.43 pmol/L [2.25-3.20], p<0.05) and “active” patterns (3.93 pmol/L [2.92-5.16], p<0.05]). Copeptin was found
to be significantly higher in SSc patients with DUs (5.71 pmol/L [IQR 4.85-8.06]) when compared to SSc patients without DUs (3.31
pmol/L, [2.28-4.30], p<0.05). Additionally, copeptin concentration had good diagnostic accuracy in discriminating between patients
with and without digital ulcers (AUC=0.863). Alprostadil decreased copeptin concentration from 4.96 [4.02-6.01] to 3.86 pmol/L
[3.17-4.63] (p<0.01) after 4—6 cycles of administration.

Conclusion: Our findings suggest that copeptin may be a promising biomarker of microcirculation alterations in systemic sclerosis.
Keywords: serum biomarkers, vasculopathy, endothelial dysfunction, digital ulcers, systemic sclerosis

Introduction

Systemic sclerosis (SSc) is an autoimmune connective tissue disease associated with progressive fibrosis of the skin and
internal organs, widespread peripheral vasculopathy, and immune dysfunction.! Although tissue fibrosis is the hallmark
of SSc¢, vascular damage plays an important role in the early stages of disease pathogenesis and may precede fibrosis by
months or years.> SSc-associated microvasculopathy clinically manifests as Raynaud’s phenomenon, refractory ischemic
digital ulcers (DUs), scleroderma renal crisis (SRC), or pulmonary arterial hypertension (PAH).>~ Digital ulcers occur in
up to 50% of all SSc patients.® These disabling and painful lesions are recurrent, refractory to treatment and may lead to
auto-amputation, infection, impaired hand function, and decreased quality of life.”®
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Vascular alteration in SSc involves vasculopathy, thrombosis and deregulation of vascular tone control.” Blood vessel
resistance is regulated by a complex interplay between sympathetic modulation, local and systemic vasoactive mediators,
such as angiotensin II, endothelin-1 and vasopressin.'® Angiotensin II (Ang II) is a highly active octapeptide involved in
the regulation of blood pressure. Angiotensin II has two major receptor subtypes, type 1 (AT;R) and type 2 (AT,R),
members of the seven transmembranes spanning the G protein-coupled receptor superfamily.!' Although classically
known for its role in the maintenance of circulatory system homeostasis, Ang II is now recognized as a mediator of
inflammation and fibrosis through stimulation of AT,R.'*'* Pathophysiological significance of the disturbances in the
angiotensin I/angiotensin II/angiotensin-(1-7) axis has been confirmed in SSc.'* Endothelin-1 (ET-1) is another potent
endogenous vasoconstrictor. Moreover, ET-1 causes fibrosis of the vascular cells, stimulates production of reactive
oxygen species and proinflammatory cytokines.'>'® Agonistic autoantibodies targeted against AT, and ET-1 type
A receptors in patients with SSc predict mortality and are associated with more severe organ involvement.'’

Vasopressin (AVP) is a vasoactive peptide that, like Ang Il and ET-1, may be involved in vasoconstriction,
inflammation, and fibrosis.'® So far, AVP has been intensively studied in various pathologies of the cardiovascular
system.'” To the best of our knowledge, there were no studies of vasopressinergic system in SSc. However, the
measurements of serum vasopressin concentrations are limited in clinical practice due to the short half-life time, low
molecular stability and binding to platelets, which leads to a decrease in the actual peptide concentration.?’ Copeptin is
the C-terminal part of pro-vasopressin, which is released together with AVP in equimolar amounts, making the copeptin
an increasingly studied molecule to determine the vasopressinergic system activity. The role of copeptin as a biomarker
has been examined in a variety of cardiovascular, kidney and metabolic disorders.?' >

Despite recent advances in SSc treatment, it is still challenging to identify patients at risk of rapid disease progression
and development of severe organ complications. There is an urgent need to identify potential biomarkers of incipient
vasculopathy before tissue damage becomes clinically apparent and irreversible.** The primary aim of this study was to
assess copeptin concentration in patients with SSc in the context of its use as a biomarker reflecting the severity of SSc-
related peripheral microvasculopathy.

Materials and Methods
Study Design
The study was cross-sectional and prospective in design. A cohort of consecutive outpatients and inpatients diagnosed

with SSc from the tertiary referral dermatological and rheumatological centers in Warsaw were enrolled in this study
from September 2019 to May 2022.

Patients
The study population consisted of adults with SSc, fulfilling the American College of Rheumatology/European League
Against Rheumatism (ACR/EULAR) 2013 classification criteria®> and age- and sex-matched healthy volunteers.

The exclusion criteria for patients and control group were as follows: heart failure (NYHA class III and IV or
decompensated), unstable ischemic heart disease, history of acute cardiovascular disease event in the last 6 months,
hypotension, uncontrolled arterial hypertension or diabetes mellitus, pulmonary hypertension, hepatic or renal failure,
active malignancies or neoplastic disease whose treatment has been completed in the last 5 years (except for basal cell
carcinoma), active or chronic infection, pregnancy and breastfeeding. Patients with SSc and overlapped autoimmune,
rheumatic or connective tissue diseases were not enrolled in this study. Primary Raynaud’s phenomenon was considered
as an additional exclusion criterion for the control group.

Demographic, clinical, laboratory and immunological data were assessed according to polish and international expert

recommendations.?®?’

Clinical Assessment
All SSc patients underwent a thorough clinical examination with assessment of the following features: gender, age, body
mass index (BMI), SSc subsets according to LeRoy et al*® time of disease since the onset of Raynaud’s phenomenon,
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time of disease since the first non-Raynaud symptom, presence of digital ulcers, synovitis, joint contractures, muscle
involvement, esophageal and gastrointestinal symptoms, dyspnea, arrhythmia, impaired exercise tolerance, comorbid-
ities, smoking history, current and previous treatment.

The extent of skin involvement was evaluated by the modified Rodnan Skin Score (mRSS).%° The skin involvement
was assessed by only one assessor (M.S.) certified with Scleroderma Clinical Trials Consortium training.

Lung involvement was assessed via high-resolution computed tomography (HRCT) scan of the chest and pulmonary
function tests (PFT), including forced vital capacity (FVC) and diffusing capacity for carbon monoxide (DLCO).
Interstitial lung disease (ILD) was defined as the presence of pulmonary fibrosis on an HRCT (the study did not include
a quantitative assessment of the lesions). Doppler echocardiography was used to screen for PAH. Gastrointestinal tract
involvement was assessed with barium contrast X-ray of the esophagus and the stomach. These specialist diagnostic
procedures were carried out in all patients with SSc as a part of regular follow-ups.

Laboratory Procedures
Laboratory parameters: whole blood count, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) concentra-
tion, lipid profile, liver and kidney function tests, N-terminal pro-B-type natriuretic peptide (NT-proBNP) were quantified
from peripheral blood during clinical routines. Antinuclear antibodies were evaluated by indirect immunofluorescence
pattern on HEp-2 cells and detected by immunoblot analysis. Data on laboratory and immunological parameters were
extracted from patients’ medical records.

All blood samples were collected from the peripheral vein, between 6 a.m. and 7 a.m. (after at least 8h fasting period).
Serum aliquots obtained by centrifugation (3000 rpm for 10 min at 4°C) were stored at —80°C until further analysis.

Serum copeptin concentrations were determined at baseline and after 4-6 cycles of alprostadil administration. Thirty-
two patients received intravenous alprostadil (Prostavasin®, UCB Pharma GmbH, Monheim, Germany) for 3 consecutive
days at a daily dose of 60 pg diluted in 50 mL of 0.9% sodium chloride administered as a 5-h infusion. Alprostadil was
administered every 4—6 weeks for Raynaud phenomenon as well as for the prevention and treatment of digital ulcers.
Copeptin was assessed using a commercial ELISA kit (Human Copeptin ELISA Kit, Bioassay Technology Laboratory,
Shanghai, China), according to the manufacturer’s instructions. All samples were tested in duplicate and performed in the
same laboratory with the same instruments. The analytical sensitivity was 0.059 pmol/L. The coefficient of intra- and
inter-assay repeatability was <8% and <10%, respectively.

Microvascular Assessment

The severity of Raynaud’s phenomenon was assessed with the validated Raynaud’s condition score (RCS).*° It is
completed every day by patients as an 11-point Likert scale and average scores are taken over a 1-week period. We
analyzed mean nailfold video-capillaroscopy (NVC) was performed by the same investigator (MM) with USB digital
microscope Dino-Lite CapillaryScope 200 MEDL4HMA (AnMo Electronics Corporation, Taiwan) in all SSc patients.
Microvascular abnormalities were classified into early, active or late scleroderma pattern according to Cutolo et al.*'

Ethical Approval

All patients participating in the study gave their written informed consent before entering the study. The study was
conducted in accordance with the principles of the Helsinki Declaration and the protocol approved by the local ethical
committee (KB/90/2018; Bioethics Committee at the Medical University of Warsaw, Warsaw, Poland).

Statistical Analysis

Statistical analysis was conducted with Statistica software v.13.3 (TIBCO, Palo Alto, CA, USA). Data were tested for
normal distribution using the Shapiro—Wilk test. Descriptive statistics for continuous variables were reported as the mean
and standard deviation (SD) or median and interquartile range (IQR), as appropriate. Categorical variables were
expressed as a number and percentage. Due to non-normal data distribution, non-parametric tests were used as follows:
Mann—Whitney U for two independent samples, Kruskal-Wallis test with post hoc Dunn analysis for multiple indepen-
dent comparisons, Wilcoxon rank test for two paired samples. Correlations between continuous variables were evaluated
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using the Spearman’s rank-sum coefficient. Receiver operating characteristic (ROC) analysis was performed to define
cut-off values. The p-values of <0.05 were statistically significant.

Results

Patients’ Characteristics

Thirty-seven SSc patients (34 women and 3 men; mean age 57.6 years) and 30 age- and sex-matched control individuals
(28 women, 2 men; mean age 53.7 years) were enrolled in this study. According to the criteria of LeRoy our SSc cohort
consisted of 17 patients with limited cutaneous SSc (1cSSc; 45.9%) and 20 diffuse cutaneous SSc patients (dcSSc;
54.1%). The median duration of the disease was 10 years (IQR 4-14 years). Patients were treated with following
vasoactive therapy: alprostadil (86.5%), calcium channel antagonists (21.6%), phosphodiesterase 5 inhibitors (51.3%),
and sulodexide (67.6%). A summary of the main demographic, clinical, laboratory and serological characteristics of
patients with SSc is shown in Table 1.

Table | The Characteristics of Patients with SSc and Control Group

SSc Patients (n=37) 1cSSc (n=17) dcSSc (n=20) Control Group (n=30)
Age, years 57.6xl1.6 63.618.2 524+11.8 53.7x12.1
Sex, n (%)
Men 3 (8.1%) 1 (5.9%) 2 (10%) 2 (6.7%)
Women 34 (91.9%) 16 (94.1%) 18 (90%) 28 (93.3%)
BMI, kg/m* 23.45 [21.89-26.78] 25 [22.89-29.07] 22.59 [21.09-25.27] 23.45 [21.89-26.78]
Modified Rodnan skin score 5[3-9] 4 [2-6] 8 [5-15]
Disease duration, years 10 [4-14] 9 [4-14] 11.5 [5.5-15.5]
Autoantibody positivity, n (%)
Antinuclear (ANA) 37 (100%) 17 (100%) 20 (100%)
Anticentromere (ACA) 16 (43.2%) 16 (94.1%) 0(0)
Antitopoisomerase | (ATA) 17 (46.0%) 1 (5.9%) 16 (80%)
Anti-RNA polymerase Il 4 (10.8%) 0(0) 4 (20%)
Interstitial lung disease, n (%) 26 (70.3%) 9 (52.9%) 17 (85%)
Esophageal dysmotility, n (%) 24 (64.9%) 10 (58.8%) 14 (70%)
Raynaud’s phenomenon, n (%) 37 (100%) 17 (100%) 20 (100%)
Digital ulcers, n (%) 15 (40.5%) 5 (29.4%) 10 (50%)
Nailfold capillaroscopy pattern, n (%)
Early 6 (16.2%) 2 (11.8%) 4 (20%)
Active 16 (43.2%) 9 (52.9%) 7 (35%)
Late 15 (40.6%) 6 (35.3%) 9 (45%)
Immunosuppressive therapy, n (%)
Corticosteroids 0 0 0
Cyclophosphamide 0 0 0
Methotrexate 6 (16.2%) 2 (11.8%) 4 (20%)
Mycophenolate mofetil 14 (37.8%) 6 (35.3%) 8 (40%)
Vasoactive therapy, n (%)
Alprostadil 32 (86.5%) 14 (82.3%) 18 (90%)
Bosentan 0 0 0
Calcium channel antagonist 8 (21.6%) 3 (17.6%) 5 (25%)
Phosphodiesterase 5 inhibitors 19 (51.3%) 9 (52.9%) 10 (50%)
Sulodexide 25 (67.6%) 15 (88.2%) 10 (50%)

Abbreviations: SSc, systemic sclerosis; BMI, body mass index.
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Copeptin in Systemic Sclerosis
In patients with SSc serum copeptin concentration was 4.21 pmol/L (IQR 3.04-5.42) and it was significantly higher than
in control group (median 3.40 pmol/L, IQR 2.38-3.76, p<0.01, Figure 1).

Further, we examined the possible association of copeptin with different SSc clinical phenotypes. When SSc
cutaneous subsets are concerned, patients with dcSSc (median 5.06 pmol/L, IQR 3.15-5.60) had higher serum copeptin
concentration compared with 1cSSc (median 4.02 pmol/L, IQR 2.96-4.71, p<0.05) and control group (p<0.01, Figure 1).
There was no significant difference between 1cSSc and control group. No significant correlation was found between
copeptin concentration and age, BMI and disease duration.

Sixteen (43.2%) SSc patients had anticentromere (ACA) antibodies, 17 (46.0%) were positive for antitopoisomerase
I (ATA) antibodies and 4 (10.8%) patients had anti-RNA polymerase III antibodies (anti-RNAP III). When patients were
stratified according to autoantibodies, there was significant difference between anti-RNAP-patients (median 10.09 pmol/
L, IQR 7.90-13.04) and other antibody types: ACA-patients (median 3.56 pmol/L, IQR 2.27-4.46, p<0.05) or ATA-
patients (median 4.85 pmol/L, IQR 3.25-5.42, p<0.05, Figure 2).
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Figure | Serum concentration of copeptin in control group, patients with systemic sclerosis (SSc), diffuse cutaneous SSc (dcSSc) and limited cutaneous SSc (IcSSc), *p<0.05,
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Figure 2 Serum concentration of copeptin in systemic sclerosis patients with anticentromere antibodies (ACA), antitopoisomerase antibodies (ATA) and anti-RNA
polymerase Il antibodies (RNAP IlI). ¥p<0.05.
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When analyzing copeptin concentration in SSc patients according to the different organ manifestations, no differences
were found regarding the extent of skin fibrosis measured by mRSS, prevalence of interstitial lung disease (ILD) as well
as patients with esophageal dysmotility.

Copeptin and Microvascular Impairment in SSc
All patients reported the presence of Raynaud’s phenomenon. We found a significant correlation between serum copeptin
concentration and Raynaud’s condition score (rho = 0.801, p<0.05, Figure 3).

The NVC pattern was found “early” in 6 (16.2%), “active” in 16 (43.2%) and “late” in 15 (40.6%) patients. When
comparing copeptin concentration in SSc patients with different NVC patterns, the values of copeptin were significantly
higher in the “late” pattern (median 5.37 pmol/L, IQR 4.29-8.06) in comparison to “early” (median 2.43 pmol/L, IQR
2.25-3.20, p<0.05) and “active” patterns (median 3.93 pmol/L, IQR 2.92-5.16, p<0.05, Figure 4).

In patients receiving alprostadil, serum concentration of copeptin significantly decreased from 4.96 pmol/L (IQR
4.02-6.01) to 3.86 pmol/L (IQR 3.17-4.63, p<0.01) after 4-6 cycles of drug administration (Figure 5).

As far as digital ulcers are concerned, copeptin was found to be significantly higher in SSc patients with DUs (median
5.71 pmol/L, IQR 4.85-8.06) when compared to SSc patients without DUs (median 3.31 pmol/L, IQR 2.28-4.30,
p<0.05) and control group (p<0.05, Figure 6).
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Figure 3 Correlation of copeptin with Raynaud’s condition score (RCS; r=0.801, p<0.05).
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Figure 4 Serum concentration of copeptin in systemic sclerosis patients with “early”, “active” and “late” nailfold video-capillaroscopy (NVC) patterns, *p<0.05.
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Figure 5 Serum concentration of copeptin in systemic sclerosis patients before and after 46 cycles of intravenous alprostadil administration. **p<0.01.
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Figure 6 Serum concentration of copeptin in control group, patients with systemic sclerosis without and with digital ulcers (DUs). *p<0.05.

The ROC curve analysis revealed copeptin cut-off value of 4.86 pmol/L in discriminating between SSc patients with
and without DUs (sensitivity 80.0%, specificity 81.0%, area under the curve [AUC] = 0.863, Youden’s index 0.61,
Figure 7).

Copeptin and Immunosuppression

Twenty patients with SSc (54.1%) received immunosuppressive therapy, while 17 (45.9%) were without immunosup-
pression. Among patients treated with immunosuppressive agents, 12 (60%) have dcSSc, 8 (40%) ACA, 8 (40%) ATA, 4
(20%) anti-RNAP III antibodies, 3 (15%) early, 8 (40%) active and 9 (45%) late NVC pattern. Respectively, in patients
without immunosuppression, 8 (47.1%) have dcSSc, 9 (52.9%) ACA, 8 (47.1%) ATA, 0 anti-RNAP III antibodies, 3
(17.6%) early, 8 (47.1%) active and 6 (35.3%) late NVC pattern. There were no changes in copeptin concentration
between patients currently treated with immunosuppressive drugs (median 4.25 pmol/L, IQR 3.56-5.40) and patients
without immunosuppressive treatment (median 3.25 pmol/L, IQR 2.58-5.71, p=0.437).
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Figure 7 ROC curve analysis of copeptin in SSc patients without digital ulcers (DUs) vs SSc patients with DUs.

Discussion
The key finding of this study is that increased copeptin concentration in patients with SSc is significantly associated with
microcirculation dysfunction which presents as Raynaud’s phenomenon severity, nailfold capillary abnormalities and the
presence of digital ulcers. Determination of serum copeptin concentration reflects changes in the activity of vasopressi-
nergic system.>” Vasopressin is known to play an essential role in microcirculation regulation through activation of three
receptor subtypes (V1a, V1b and V2). Vla receptors are expressed on the vascular smooth muscle cells and promote
vasoconstriction. Activation of V1b receptors is part of the adaptive response to stress leading to stimulation of the
hypothalamic-pituitary-adrenal axis. V2 receptors are associated with water reabsorption in the kidneys and release of
coagulation factors from endothelial cells, such as von Willebrand factor and coagulation factor VIII.>*~*

We found a significant correlation between serum copeptin concentration and Raynaud’s condition score, which is
a validated outcome measure. Raynaud’s phenomenon (RP) is caused by an imbalance between endogenous vasocon-
strictive agents (endothelin-1, angiotensin II) and endothelium-derived vasodilators (nitric oxide, prostacyclin).>®
Vasopressin is another potent vasoconstrictor that is hypothesized to contribute to excessive vasoconstriction in RP.>**’

Moreover, relcovaptan (SR-49059), selective Vla receptor antagonist, has shown initial positive results in the
treatment of Raynaud’s disease.”” Our study is the first evaluating the copeptin/vasopressin system in SSc-related
microcirculation alterations. However, the diagnostic and prognostic value of copeptin has been reported also in other
systemic diseases characterized by microangiopathy. Several studies indicated that AVP contributes to the development
and progression of diabetic microangiopathy and serum copeptin may serve as an independent marker of renal, heart or
retinal microcirculation involvement in type 2 diabetes patients.*®

In our SSc group, higher concentrations of serum copeptin were observed in patients presenting “late” NVC pattern,
which is characterized by irregular enlargement of the capillaries, few or absent giant capillaries and haemorrhages,
ramified and bushy capillaries and progressive capillary loss (50-70%) with formation of extensive avascular areas
(vascular desertification). These alterations, namely abnormal vessel morphology, changes in capillary number and
disorganization of microcirculation architecture observed in the “late” NVC pattern stem from insufficient angio- and
vasculogenesis.*”** Inadequate processes of new blood vessels formation do not allow the regeneration of functional
microcirculation and are related to imbalance between pro-angiogenic and angiostatic factors.*' Increased concentration
of copeptin in SSc patients presenting “late” NVC pattern suggests that AVP might contribute to insufficient angiogenic
response. This hypothesis is in accordance with the results from preclinical breast and colorectal cancer models showing
that desmopressin, vasopressin peptide analog and a strong agonist of V2 receptor, reduces tumor-induced angiogenesis
by production of endogenous angiostatic molecules (angiostatin) and reduction of the expression of different promoters

of endothelial growth.**** Impaired neovascularization in SSc contributes to the development of DUs.** In our cohort of
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SSc patients increased copeptin concentration was related to the presence of ischemic DUs. This finding confirms the
importance of vasopressin in peripheral microcirculation disorders in the course of SSc and suggests that monitoring of
copeptin concentrations may help to predict the prognosis of microangiopathy. While copeptin has not been studied in
SSc so far, its properties as a biomarker of microcirculation abnormalities were studied in diabetic angiopathy.*® Baseline
serum copeptin is associated with cumulative incidence of lower-extremity amputations in cohorts of patients with type 1
and type 2 diabetes and may help to identify high-risk individuals.** Further studies are needed to confirm prospectively
that copeptin may serve as a diagnostic tool for discriminating increased risk of DUs development. Noteworthy, we
document that in SSc patients receiving alprostadil (prostaglandin E1 analog), serum concentration of copeptin sig-
nificantly decreased after 4—6 cycles of drug administration. Intravenous prostaglandin analogs, such as alprostadil and
iloprost (prostaglandin 12 analog) have been reported to be effective in RP secondary to SSc as well as improve DUs
healing and prevent DUs in patients with history of DUs.***” The known effects of alprostadil include inhibition of
vasoconstrictive effects of noradrenaline, Ang II, ET-1 and vasopressin.*® Additionally, PGE may modulate vasopressin
release and antagonizes AVP at intracellular signaling pathway level.**>°

To the best of our knowledge, this is the first study evaluating the serum concentration of copeptin in patients with
systemic sclerosis. We observed increased copeptin concentration in dcSSc when compared to the 1cSSc and control
group. Diffuse cutaneous SSc is the subtype characterized by rapid progression and a high prevalence of early internal-
organ involvement with interstitial lung disease and cardiac involvement (including pulmonary arterial hypertension)
being the main causes of SSc-associated mortality.' No differences between the control and IcSSc, despite the fact that
microcirculation disorders are an important component of this subtype, may result from the applied rheological treatment
or the small study group. Autoantibody profiles in SSc are predictive of disease course and organ involvement.”’ When
patients were stratified according to autoantibodies there was a significant increase in copeptin concentration in anti-
RNAP Ill-positive patients. This is in accordance with several observations showing that SSc patients with positive anti-
RNAP III antibodies had more frequently rapidly progressive diffuse skin thickening and higher frequency of vascular
involvement, such as scleroderma renal crisis, pulmonary hypertension and ischemic damage associated with RP.>* We
did not find significant differences in copeptin concentration in SSc patients regarding the age, BMI, extent of skin
fibrosis, prevalence of ILD and esophageal dysmotility. The possible reason for this could be that the number of
participants was small. However, strict entry criteria limiting the number of study participants with severe organ damage
which, independently of SSc, are associated with elevated copeptin concentration were obligatory to reduce possible
factors that might influence baseline copeptin.

Based on our analysis, it may be suggested that evaluation of serum copeptin is useful for identifying SSc patients
who are at risk of vascular complications. Thus, it may be hypothesized that determining the copeptin level may help
individualize the management of SSc by intensification of rheological treatment in patients with high-risk of certain
complications such as progression of NVC abnormalities or the DU development. There may be some possible
limitations such as cross-sectional and single-center type of study as well as a relatively small sample size. However,
these data may pave the way for subsequent prospective investigations which clarify copeptin significance as a biomarker
in SSc.

Conclusions

Vascular involvement plays an essential role in SSc pathogenesis. The unmet need in translational investigations is to
obtain biomarkers which will be useful in disease prevention, prognosis and treatment. We demonstrate that increased
copeptin concentration in SSc is associated with more severe peripheral microcirculation impairment, such as Raynaud’s
phenomenon, NVC changes and digital ulcers. Copeptin may represent a promising potential biomarker in SSc, which
allows for personalized therapy. Further prospective studies on larger cohorts of patients with evaluation of how different
vascular therapies impact copeptin concentration are needed before its measurements may be used in clinical practice.
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