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SUMMARY 
 

Systemic sclerosis is a chronic autoimmune disease of the connective tissue. It is associated 

with progressive fibrosis of the skin and internal organs. Its etiology is unknown. Basic 

pathogenic processes occurring in systemic sclerosis include: progressive tissue fibrosis, 

activation of the immune system with the production of autoantibodies, vasculopathy. The 

manifestations of systemic sclerosis, its course and prognosis depend on the type of the disease. 

The classification of scleroderma includes diffuse cutaneous systemic sclerosis (dcSSc), limited 

cutaneous systemic sclerosis (lcSSc) and systemic sclerosis sine scleroderma. Each type of 

systemic sclerosis may be associated not only with the involvement of the skin, but also other 

internal organs which are of key importance for the health, such as: the heart, lungs, kidneys, 

gastrointestinal tract, central nervous system and the musculoskeletal system.  

Systemic sclerosis is a very rare disease of unknown etiology which affects individuals 

of all ethnicities all over the world. The incidence rate ranges between 7 and 489 new cases per 

million a year. Women are affected 6 times more frequently than men. Apart from being a 

female, the risk factors of systemic sclerosis encompass Caucasian race and a positive family 

history. Factors which contribute to a poorer prognosis are more advanced age of the patient, 

black race, involvement of internal organs at the early stage of the disease, hardening of the 

skin of the trunk and accelerated ESR. The prognosis and course of the disease are strictly 

related to the type of the disease. Patients with dcSSc subtype are characterized by a poorer 

prognosis compared to lcSSc patients due to earlier and a more advanced involvement of 

internal organs. 10-year survival rate exceeds 90% in lcSSc, while in dcSSc this index is lower 

than 74%.  

Numerous studies have been conducted on systemic sclerosis, but its etiology is still not 

fully elucidated. The disease develops in patients who present a genetic tendency (e.g. HLA 

system genes specific for systemic sclerosis) accompanied by environmental factors, such as 

exposure to chemical substances or drugs.  



Limited cutaneous systemic sclerosis (lcSSc) manifests as skin hardening distal to 

elbows and knees, involvement of internal organs at later stages of the disease, increased risk 

of developing pulmonary hypertension and the presence of anti-centromere antibodies (ACA).  

Diffuse cutaneous systemic sclerosis (dcSSc) is characterized by a more rapid course, 

involvement of internal organs (including kidneys, lungs and the heart) at the beginning of the 

disease, and the presence of anti-Scl-70 antibodies.  

An early diagnosis of systemic sclerosis is of key importance in the diagnostic and 

therapeutic process, as it facilitates the earliest possible implementation of treatment. In 2013 

the American College of Rheumatology (ACR) and the European League Against Rheumatism 

(EULAR) developed the newest ACR/EULAR criteria of diagnosing the disease. Those criteria 

encompass the scope of skin hardening, the presence of digital trophic lesions and 

sclerodactyly, telangiectasia, deviations in capillaroscopy typical of systemic sclerosis, 

Raynaud’s phenomenon, pulmonary hypertension, interstitial lung disease and the presence of 

antibodies specific for scleroderma (Scl-70, ACA, RNAP-III). The criteria facilitate the 

diagnosis of systemic sclerosis at an early stage, even before the development of serious 

complications in internal organs. 

The latest guidelines in the treatment of systemic sclerosis published in 2016 by the 

European League Against Rheumatism (EULAR) and EULAR Scleroderma Trials and 

Research (EUSTAR) emphasize that the treatment of systemic sclerosis should be organ-

specific, which means that it should target specific complications developing in a patient.  

Cardiovascular complications are the most serious complications of systemic sclerosis 

and constitute one of the most common reasons for death in this group of patients. There is a 

paucity of studies concerning the risk factors of the development of this type of complications 

in scleroderma patients. With regard to the key role of disorders in the metabolism of collagen 

in systemic sclerosis and its undeniable genetic basis, it was attempted to investigate the 

relationship between the expression of genes of fibrosis and calcification and cardiovascular 

complications in patients with scleroderma. 

The research aimed at demonstrating a correlation between the expression of COL27A1 

and COL5A 1 genes, the concentrations of proinflammatory cytokines, selected biochemical 

parameters and the development of cardiovascular diseases in patients with systemic sclerosis.  

 

Specific aims: 

1. Analysis of differences and correlation between the average expression of COL27A1 

gene in peripheral blood mononuclear cells in patients with systemic sclerosis 



concomitant with circulatory system diseases and in patients with systemic sclerosis 

without circulatory system diseases.  

 

2. Analysis of differences and correlation between the average expression of COL5A1 

gene in peripheral blood mononuclear cells in patients with systemic sclerosis 

concomitant with circulatory system diseases and in patients with systemic sclerosis 

without circulatory system diseases. 

 

3. The analysis of differences in interleukin concentrations (IL-17A, IL-17F, IL-23) in the 

peripheral blood in patients with systemic sclerosis concomitant with circulatory system 

diseases and in patients with systemic sclerosis without circulatory system diseases.  

 

4. The analysis of differences in concentration of C-reactive protein in patients with 

systemic sclerosis concomitant with cardiovascular diseases and in patients with 

systemic sclerosis without cardiovascular complications.  

 

5. The analysis of differences in ESR value in patients with systemic sclerosis concomitant 

with cardiovascular diseases and in patients with systemic sclerosis without 

cardiovascular complications.  

 

The research was approved by the Bioethics Committee of the Medical University of 

Lublin – approval number KE-0254/57/2015.  

The study involved 38 patients with systemic sclerosis including 27 persons with 

concomitant cardiovascular diseases (Group 1 – study group) and 11 patients without 

cardiovascular diseases (Group 2 –reference group). The average age of all systemic sclerosis 

patients was 51.28 years (range: 29-77 years). The study included 31 women and 7 men. The 

average age in the study group (group 1) was 54.93, while in the reference group (group 2) it 

was 47.64. Each patient was diagnosed with systemic sclerosis based on ACR/EULAR criteria 

as of 2013. Reference group patients were not related to study group patients. They suffered 

from systemic sclerosis, but did not have cardiovascular diseases. Peripheral blood was 

collected from the patients’ ulnar veins. Tests were conducted do assess the values of selected 

biochemical parameters, concentrations of specific proinflammatory cytokines and the 

expression of COL27A1 and COL5A1 genes.  



Patient histories were taken and physical examinations performed, basic laboratory tests 

were run, the concentrations of the following interleukins were tested: IL-17A, IL-17F and IL-

23. Moreover, the analysis of expression of genes of fibrosis and calcification (COL27A1, 

COL5A1) was tested in peripheral blood mononuclear cells at the level of transcript mRNA. 

Those genes of fibrosis and calcification, and proinflammatory cytokines were selected for the 

study with regard to their undeniable role in the processes of fibrosis and inflammation in the 

pathogenesis of systemic sclerosis. Gene expression was tested at the level of transcript mRNA 

with real-time PCR method in StepOnePlus system (Applied Biosystems) with StepOne 

Software version 2.3 (Applied Biosystems). GAPDH gene was used as reference. CT for 

GAPDH value was used to normalize the level of expression of the following genes: COL27A1, 

COL5A1. Interleukin concentrations were measured with immunoenzymatic ELISA method 

with the use of Alpco kits. The measurements were performed according to the protocol 

recommended by the manufacturer.  

The analysis of obtained results was performed with Expression Suite Software v1.0.3 

(Applied Biosystems). The results were calibrated with the values of expression of the tested 

genes in samples collected from Group 2 patients, who did not have concomitant cardiovascular 

diseases. In order to calculate the Relative Quantification (RQ), the following formula was 

used: RQ= 2- RQ= 2-DDCT. 

Statistical analysis was performed with the use of the following methods:  

• the Mann-Whitney U test – statistically significant differences were presented as box 

plots (non-parametric statistics were used for statistical calculations),  

• descriptive statistics – the mean, median, standard error of the mean, standard deviation, 

distribution of numbers, percentages and data tabulations.  

 

The study aimed at the identification of markers potentially associated with the 

development of cardiovascular diseases in patients with systemic sclerosis. Therefore, the 

analysis encompassed the differences of the mean expression of COL27A1 and COL5A1 genes 

in patients with systemic sclerosis and concomitant cardiovascular diseases (Group 1) and in 

systemic sclerosis patients without cardiovascular complications (Group 2). The analysis 

demonstrated the presence of statistically significant differences of the mean expressions of 

COL27A1 gene between the studied groups. As regards the group of patients suffering from 

both scleroderma and cardiovascular disease the mean expression of COL27A1 gene was 

significantly lower than in patients with systemic sclerosis but without cardiovascular diseases. 



No statistically significant differences were observed between the studied groups for the mean 

expressions of COL5A1 gene.  

The study also involved the analysis of concentrations of IL-17A, IL-17F and IL-23 in 

Group 1 and Group 2 patients. The analysis showed no statistically significant differences 

between patients suffering from systemic sclerosis with concomitant cardiovascular diseases 

compared to systemic sclerosis patients without cardiovascular pathologies. The levels of 

studied interleukins were not significantly different in patients with systemic sclerosis. 

However, descriptive statistics indicated a high diversification of results of the concentrations 

of IL-17A, IL-17F and IL-23, both in patients with systemic sclerosis with concomitant 

cardiovascular disease and in patients without such pathologies. Both groups included patients 

with low and very high levels of interleukins. The analysis showed that interleukin levels are 

highly diversified in patients with systemic sclerosis. The underlying reason has not been 

identified so far. Nevertheless, basing on the present study it may be assumed that 

cardiovascular diseases did not contribute to this diversification.  

Apart from the assessment of proinflammatory cytokines, the correlation of selected 

inflammatory parameters (ESR, C-reactive protein) was also evaluated in patients with 

systemic sclerosis depending on the presence of cardiovascular diseases. The analysis 

demonstrated statistically significant differences as regards CRP levels and ESR values 

between the patients of both groups. In the group of patients with systemic sclerosis and 

cardiovascular diseases CRP levels and ESR values were higher than in the group with systemic 

sclerosis but without cardiovascular diseases.  

The pathogenesis of systemic sclerosis is still not fully elucidated, despite extensive 

research. The inflammation and progressive fibrosis are not restricted only to the skin, but they 

occur in key organ systems, e.g. the cardiovascular system. Cardiovascular complications still 

belong to the group of more severe complications of scleroderma. It is advisable to investigate 

factors which increase the risk of developing cardiovascular diseases in patients with systemic 

sclerosis both at the molecular level, and in widely available laboratory tests.  

To conclude, the present study demonstrated statistically significant differences in the 

expression of COL27A1 gene associated with fibrosis and calcification and in the values of 

CRP and ESR in patients with systemic sclerosis and cardiovascular complications compared 

to patients without such complications. With regard to the paucity of available studies on the 

risk factors of the development of cardiovascular diseases in systemic sclerosis, the present 

study may serve as a starting point in extending analyses in this area. Such analyses may 

contribute to the preparation of diagnostic methods which will facilitate the indication and 



offering closer supervision to those systemic sclerosis patients who are at risk of developing 

cardiovascular complications even before the cardiovascular system is involved. 

 

CONCLUSIONS  

1. A statistically significant difference was demonstrated in the expression of COL27A1 

gene between patients with systemic sclerosis and cardiovascular complications 

compared to patients without such complications. This finding may indicate a 

relationship between the level of expression of this gene and the development of 

cardiovascular complications in scleroderma patients which may constitute a marker of 

the risk of developing such complications in the future.  

 

2. The analysis did not show statistically significant differences in the expression of 

COL5A1 gene between patients with systemic sclerosis with and without concomitant 

cardiovascular diseases.  

 

3. The study showed no statistically significant differences concerning the levels of IL-

17A, IL-17F and IL-23, which means that the levels of those interleukins were similar 

in both systemic sclerosis groups – with and without concomitant cardiac diseases. 

However, a considerable range of results of interleukin levels was observable in both 

analysed groups of patients – this phenomenon was independent from cardiovascular 

diseases. Further studies are necessary to analyze this factor.  

 

4. A statistically significant difference was demonstrated in the concentrations of C-

reactive protein (CRP) in patients with systemic sclerosis with cardiovascular diseases 

compared to patients with systemic sclerosis without cardiovascular complications. 

Although in both groups CRP levels were within normal limits, the mean levels were in 

the upper limit in patients with concomitant cardiovascular complications and in the 

lower limit in the group without cardiovascular diseases. The findings indicate a 

possibility of using CRP levels as a risk factor marker in the development of 

cardiovascular disease in scleroderma patients, which is similar to general population. 

However, due to the inflammatory character of scleroderma which may also be a reason 

for elevated CRP concentration, assessing cardiovascular risk in scleroderma patients 

demands considering other risk factors (beside CRP). However, it necessitates 

conducting a similar analysis in a larger sample. 



 

5. The study showed a statistically significant difference in ESR values between patients 

with systemic sclerosis with and without cardiovascular complications. It explicitly 

indicates that ESR values were higher in patients with cardiovascular disease. 

Moreover, the mean value exceeded the normal limit in this group of patients. Further 

research is necessary to analyse this correlation. It may result in demonstrating the role 

of ESR as a risk factor of the development of cardiovascular disease in scleroderma 

patients in the future.  

 


