
Abstract 
Systemic sclerosis is a condition that belongs to a group of autoimmune connective tissue diseases. 

The main symptom, underlying this disease is excessive fibrosis affecting different tissues            

and organs. The etiology remains as of today unknown, but studies have been conducted to establish 

the cause of systemic sclerosis; the hypothesis of environmental factors influence on genetically 

predisposed persons appears to be the most probable one. Systemic sclerosis belongs also to group 

of rare diseases, and a dominant part of patients, similar to other autoimmune connective tissue 

diseases, are women (3-4:1). 

 There are numerous studies showing adverse influence of some environmental factors, 

leading to development of autoimmune connective tissue diseases, among them systemic sclerosis. 

The first confirmed influence was miners’ exposure to silica dust. Moreover, increased systemic 

sclerosis’ morbidity is observed at persons exposed to organic solvents and other different chemical 

materials such as white spirit, aliphatic, chlorinated or aromatic solvents, ketones or welding fumes. 

Adverse effects of environment’s industrialization, such as asbestos, air pollution or increased 

exposition to heavy metals are also postulated as contributing to the development of systematic 

sclerosis. 

 The underlying basis of the disease is excessive fibrosis and sclerosis of the tissues and 

organs. Various mechanisms co-leading to presence of symptoms from different organs 

(immunologic, vascular and extracellular matrix’ disturbances) have been observed. The most 

common symptom at systemic sclerosis’ patient is Raynaud’s phenomenon. It is characterized by     

a disturbance in blood flow, occurring as constriction of peripheral vessels, mostly vessels’ of the 

fingers, leading to paling of the tissues, sometimes due to the persistent tissue hypoxia - cyanosis 

and following reperfusion resulting in redness with excessive pain. In systemic connective tissues 

diseases the secondary Raynaud’s phenomenon is described, in the course of which damage of 

small vessels - capillaries - is observable in nailfold capillaroscopy. 

 The damage of the endothelium leads to increased production of adhesive factors and to 

binding inflammation cells. Too excessive Raynaud’s phenomenon and connected with it hypoxia 

contributes also to increased expression of proapoptotic and pro-inflammatory factors. This in turn 

increases expression of agents promoting collagens’ and fibrosis processes. Another relevant 

mechanism is deregulation of immune system. Autoimmune processes targeting own antigens also 

lead to increased activation of fibroblasts and collagens’ overproduction in the extracellular matrix. 

The final phenomenon of the described processes is fibrosis of extracellular matrix and sclerosis of 

tissues and organs. 



 The diagnostic criteria for systemic sclerosis include several symptoms: (1) skin thickening 

of the fingers of both hands extending proximal to the metacarpophalangeal joints - sufficient 

criteria; (2) skin thickening of the fingers; (3) finger tip lesions - digital tip ulcers or finger tip 

pitting scars; (4) teleangiectasia; (5) abnormal nailfold capillaries; (6) pulmonary arterial 

hypertension and/or interstitial lung disease; (7) Raynaud’s phenomenon; (8) scleroderma related 

antibodies (Scl-70, ACA, anti-RNAP III). 

 Taking the above diagnostic criteria into account systemic sclerosis is divided into two main 

subtypes: (1) cutaneus limited systemic sclerosis and (2) cutaneus diffuse systemic sclerosis. Both 

subtypes are characterized by different symptoms, course and prognosis. A particular form of 

cuttaneus limited systemic sclerosis is CREST syndrome (calcinosis, Raynaud’s phenomenon, 

esophageal dismotility, sclerodactyly and teleangiectasia). 

 The diagnosis of systemic sclerosis is based on anamnesis, physical examination, blood 

serum testing for presence of characteristic antibodies, nailfold capillaroscopy and imaging of 

internal organs. Among the most frequently employed are chest radiography and high resolution 

computer tomography for interstitial lung disease, and lung arteries catheterization for pulmonary 

arterial hypertension. Effective and non-invasive method to monitor lung efficiency is diffusion 

lung capacity for carbon monoxide - DLCO.  The underlying value of nailfold capillaroscopy is 

differentiation between primary and secondary Raynaud’s phenomenon. 

 It has been assumed that disturbances within small blood vessels, that are observable in 

nailfold capillaroscopy, occur also within internal organs. Due to general inflammation and fibrosis, 

systemic sclerosis symptoms can come from various of organs: skin, kidneys and urinary tract, heart 

and vascular system, digestive tract, muscle and skeletal system, and central nervous system. Until 

recently the main cause of death in systemic sclerosis’ patients was the so-called scleroderma renal 

crisis, with prevalence up to 15% of all patients. Along with introduction of angiotensin-converting-

enzyme inhibitors and establishing risk factors worsening its course, mortality rate decreased to 

~7% in diffuse form and ~0,5% in limited form of systemic sclerosis. Nowadays the main cause of 

death is conditions affecting respiratory tract. The treatment of systemic sclerosis consists in 

introducing vascular and immunosuppressive therapies. Despite the implementation of new 

therapeutic agents the complete cure of systemic sclerosis is not attainable. 

Aim of the study 

The aim of this study is comparative analysis of selected genes expression connected with fibrosis 

and calcification, and apoptosis processes in systemic sclerosis’ patients, analysis taking into 



account laboratory abnormalities of urinal tract and serum total calcium concentration. Due to 

insufficient number of studies devoted to this rare condition, this analysis, it is hoped, can 

contribute to increased understanding of the mechanism of systemic sclerosis. This study seeks also 

to describe symptoms, causes and possible therapeutic insights in qualitative (anthroposophical) 

way proposed by Rudolf Steiner. 

Specific aims: 

1. Comparative analysis of expression of fibrosis and calcification genes COL27A1 and COL5A1 

and apoptotic pathways genes BCL-2, BAX, BIRC2, BIRC3, NAIP, XAP1, XIAP in mononuclear 

peripheral blood cells of systemic sclerosis’ patients with coexistence of III stadium of chronic 

renal disease (eGFR <60ml/min.) and SSc-patients with eGFR ≥60ml/min, and also systemic 

sclerosis’ patients with coexistence of II stadium of chronic renal disease (eGFR 60-89ml/min.) 

and III stadium (eGFR <60ml/min.) and SSc-patients with no renal disturbances. 

2. Analysis of correlation between genes of fibrosis and calcification COL27A1 and COL5A1 and 

apoptotic pathways BCL-2, BAX, BIRC2, BIRC3, NAIP, XAP1, XIAP in mononuclear peripheral 

blood cells of systemic sclerosis’ patients. 

3. Comparative analysis of serum total calcium concentration and expression of genes fibrosis and 

calcification genes COL27A1 and COL5A1 and apoptotic pathways genes BCL-2, BAX, BIRC2, 

BIRC3, NAIP, XAP1, XIAP in mononuclear peripheral blood cells and other biochemistry 

parameters (sodium, kalium, urea, creatinine, c-reactive protein serum concentration and eGFR) 

in SSc-patients. 

4. Analysis of eGFR decline within patients’ groups regarding the age of the patients and 

comparison of the above data with published data of healthy population. Evaluation of systemic 

sclerosis influence on kidney efficiency. 

The group of patient (A) comprised 44 patients with diagnosis of systemic sclerosis, morphea and 

MCTD. 6 patients that turned out to be not diagnosed with systemic sclerosis were excluded from 

the study. Final group (TU) included exclusively patients with systemic sclerosis diagnostic criteria 

of ACR/EULAR. Within TU the group of patient with disturbance of kidney parameter were 

selected (TU-N0 - eGFR <90ml/min.), with two subgroups (TU-N1 - eGFR 60-89ml/min.;          

TU-N2 - eGFR <60ml/min.) and control group (TU-K - eGFR ≥90ml/min.). Moreover another 

control group was selected TU-K1 - eGFR >60ml/min (consisting of groups: TU-K and TU-N1). 



 The evaluation of genes expression was performed by real time PCR using OneStep 

Software v2.3 (Applied Biosystems). Gene GAPDH was used as a reference. Expression Suite 

Software v1.0.3 (Applied Biosystems) was used for the conducted analysis; the values of genes 

expression of control group served as a calibrator. The equation: RQ=2-ΔΔCT, was used in order to 

calculate the Relative Quantification (RQ). 

 The statistic analysis revealed selected values of biochemistry parameters and fibrosis, 

calcification and apoptosis genes’ expression. Because of diversified division of the study groups 

various methods of statistic analysis were employed; but, due to significant deviation from normal 

distribution, confirmed by histogram analysis and Shapiro-Wilk test, all the data were evaluated 

using nonparameteric methods. 

 To compare two independent groups the U Mann-Whitney’s test was applied, and when 

comparing three groups the Kruksal-Wallis’ test was used. In addition descriptive statistics were 

employed: the mean, median, standard deviation, distribution of numbers, percentage analysis and 

data tabulations. Furthermore, the r-Spearman analysis was used with respect to 

 0,05 was accepted as a critical level of significance in the study. All statistical analyses were 

conducted in Statistica v. 9 software.

Outcomes of the study and conclusions

1. Gene COL27A1 expression is significantly decreased in patients’ with considerable limitation of 

renal function (eGFR <60ml/min.) as compared to patients’ without this limitation - p=0,037. 

This can indicate that gene COL27A1 expression in mononuclear peripheral blood cells might 

be  indirect  marker  of  advancement  of  fibrosis’  processes characteristic of the patient with 

limited renal function. There were no significant differences in the expression of the rest of 

genes  (COL5A1, BCL-2, BAX, BIRC2, BIRC3, NAIP, XAP1, XIAP, XAF1) among all the 

groups, as well as gene COL27A1 within smaller groups divided by eGFR value  (≥90ml/min.; 

60-89ml/min.; <60ml/min.). 

2. The analysis revealed moderate correlation between gene expressions of: COL27A1 and BIRC2 

as well as strong correlation between: COL27A1 and BIRC3, BAX, BCL-2, which may indicate, 

that despite no significant differences in gene expression of BIRC2 and BIRC3 in all groups, 

processes of fibrosis are connected to disturbances within apoptosis processes. Unfortunately 

exact mechanisms remain unknown. 



3. The analysis showed inversely proportional correlation between serum calcium concentration 

with eGFR value. There were no significant differences between serum calcium concentration 

and all other parameter. 

4. The analysis did not reveal significant difference in eGFR value decline, as a marker for renal 

disease, in regard to the age of the patients in comparison to general decline rate in healthy 

persons.


