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diffusing capacity of the lung 

for carbon monoxide 
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MicroRNA 
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diffuse cutaneous systemic 
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RHC Right heart catheterization 

DNA Deoxyribonucleic acid RNAP III Anti-RNA polymerase III 
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enzyme-linked immunosorbent 

assay 
Scl70 Topoisomerase I antigen 
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European League Against 

Rheumatism 
SEC Synovio-entheseal complex 

FVC Forced vital capacity Sp Specificity 

HFUS High-frequency ultrasonography SSc Systemic Sclerosis 
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High resolution computer 

tomography 
TDE Doppler echocardiography 

ICAM-1 Intercellular adhesion molecule TFR Tendon friction rub 

ILD Interstitial lung disease TGF-β 
Transforming growth 

factor-β 

lcSSc 
limited cutaneous systemic 

sclerosis 
TNF-α Tumor necrosis factor α 

LIS Lateral intercostal spaces TTE 
Transthoracic 

echocardiography 

lncRNA Long non-coding RNA UCTD 
Undifferentiated connective 

tissue disease 

LVEF Left ventricular ejection fraction US Ultrasonography 

MCTD Mixed connective tissue disease VEDOSS 
Very early diagnosis of 

systemic sclerosis 

mRNA Messenger RNA Cyrillic abbreviations used 

miRNA MicroRNA AAt Autoantibodies 

mRSS modified Rodnan Skin Score At Antibodies 

NPV negative predictive value PFT Pulmonary function testing 
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I.  INTRODUCTION  

 

Systemic sclerosis (SSc) is a chronic multisystem immune-mediated disease with 

multiple factor etymology, variable clinical symptoms and treatment with limited 

efficacy. Discussions about the numerous aspects such as the etiopathogenesis of the 

disease, clinical development of immune-facilitated and fibrotic process, which cause 

variable disability in patients, and the high risk of death, highlight the global social 

significance of SSc. In the past it was called “scleroderma”, however the modern name 

of the disease is “progressive systemic sclerosis” or “systemic sclerosis”. This illustrates 

the important role of fibrosis as a distinctive feature and highlights the systemic nature 

of the disease.  

Of all rheumatic disease, SSc remains the most illusive and challenging one having 

the most severe morbidity and mortality. Despite decades of intensive clinical and 

fundamental research, as well as tens of clinical studies, the causes and 

pathophysiological mechanisms of the disease remain to a large extent outside our grasp 

and there still no effective disease-modifying therapies. There are many reasons for the 

slow progress in the field of SSc. These include the remarkable heterogeneity of the 

disease, its multi-organ expressions, the low incidence, low level of public awareness.  

The reported data on incidence and the estimated prevalence vary widely 

depending on the geographical location and methods of analysis. There are certain 

groups exposed to greater risk and many geographical variations are found. According 

to the latest data, the prevalence of SSc varies between 7 and 489 per million, and the 

incidence is between 0.6 and 122 per million/per year. There is a trend towards an 

increased incidence of SSc over time, but this is uncertain due to lack of a unified study 

methods and design. Women are affected more frequently than men, but it is difficult 

to determine the factors behind this. Overall survival has improved over the last few 

decades and it is approximately 12 years following diagnosis. Despite this, the main 

issue remains the high mortality due to multiorgan involvement with pulmonary disease 

emerging as the leading cause in fatal outcomes.  

Intensive research is focused on identifying biomarkers for the disease and the 

possibilities of differentiating its subtypes, the predictors for deterioration and internal 

organ involvement which in turn can lead to the most suitable treatment choices. In this 

connection, in recent years researchers are working intensely towards determining the 

biomarkers for SSc.  

The actual benefits of a new biomarker lie in the ability to shorten the time needed 

for timely diagnosis and the assessment of the efficacy of the specific medication for 

each individual patient. There are high cost therapies which require the availability of 

biomarkers to be used as predictors of the success of the administered therapy. A large 

range of medication is available, including biological ones, providing an opportunity to 

personalize this therapy. A customized approach needs to be developed towards 

treatment in order to achieve rapid remission for every patient, to prevent disability, 
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and to restore and maintain quality of life without side effects from the treatment in 

cost-effective manner.  

Despite the huge interest in the development of biomarkers for SSc, which enable 

early diagnosis, assessment of action and disease prognosis, these are still being 

validated. Biomarkers for SSc can be grouped based on their ability to support the 

diagnostics of SSc, to determine individual clinical subgroups, which can have specific 

models of impact on organs or specific clinical expressions and evolution, for example 

tissue fibrosis or vascular changes. Other biomarkers are needed to allow the assessment 

of the activity of the disease, including the prognosis of the clinical course or the 

mortality, as well as to determine the efficacy of a given therapeutic intervention. The 

last group of biomarkers is often used as an endpoint in clinical trials of potential 

treatments or interventions. In this way biomarkers which can predict the severity, 

activity, response to therapy and the prognosis are critically important and necessary. In 

addition, the assessment and identification of biomarkers can lead to understanding of 

the pathogenesis of SSc.  

The clinical picture of SSc is characterized by severe impact on numerous internal 

organs. The logical question is whether these biomarkers can predict organ involvement. 

Furthermore, are we capable of finding a connection or relationship between serum 

biomarkers at an early stage of the course of the disease and the objectification of the 

occurring changes using the so-called imaging biomarkers. Not only are there no 

established therapeutic schemes for SSc, but there are also no strong biomarkers to 

indicate which organ may be involved in the pathologic process in order to respond with 

the respective medication type. In this regard, the goal of this paper is to study serum and 

imaging biomarkers of patients with SSc so as seek out information about those which 

change under various forms and phases of SSc and the organ involvement they are 

associated with. Research in this aspect enables the identification of patients at high risk 

for internal organ involvement in order to allow for adequate, early and accurate 

adaptation of therapeutic approaches. Many of these new promising biomarkers still need 

to be validated and studied further in order to prove their reliability. Perhaps the 

interpretation of individual biomarkers would yield limited informational value, while 

the combination of serum and imaging biomarkers will be established in practice.  

Future development trends in the field of SSc, outlined by EULAR as well, include 

validation of biomarkers for early diagnosis, classification of subgroups, predictors for 

different organ involvement, determining the prognostic biomarkers, as well as those for 

therapeutic efficacy.  

 

 

 

 

 

 

The study is performed with the financial support of the Bulgarian Association of 

Musculo-Skeletal Ultrasound and Medical University – Plovdiv, project DP06/2018. 
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II.  RESEARCH AIMS AND OBJECTIVES 

Aim  

To uncover some of the cellular and molecular mechanisms for joint and pulmonary 

involvement in SSc and to establish a panel of biomarkers with possible organ 

association. 

 

Objectives  

1. Investigating serum levels of IL-6, YKL-40, TGF-β1, ICAM-1, CXCL-4, IL-12p40, 

TNF-α, IL-17А in patients with SSc and healthy controls.  

2. Correlating the serum levels of IL-6, YKL-40, TGF-β1, ICAM-1, CXCL-4, IL-

12p40, TNF-α, IL-17А with ultrasonographic data about joint and tendon 

involvement, pulmonary involvement (ILD, PAH) and digital ulceration.  

3. Assessing the prognostic role of IL-6, YKL-40, TGF-β1, ICAM-1, CXCL-4, IL-

12p40, TNF-α, IL-17А as biomarkers when determining joint and pulmonary 

involvement in SSc patients.  

4. Determining the levels of genetic expression of genes associated with the 

inflammatory response (for YKL-40, TNFα, IL-6, IL-12p40, IL-17А).  

5. Determining the expression levels of miRNA (miR-24, miR-30c, miR-125a, miR-

153, miR-214), participating in the regulation of the expression of individual genes 

in SSc.  
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III.  MATERIALS AND METHODS 

1. Demographics of the study population  

The research sample includes 95 participants, of which 90 (94.73%) women and 5 

(5.27%) men with a significantly higher proportion of women (p < 0.001.). The mean age 

of the participants in the study is 52.76±14.12 years and as follows in the groups: healthy 

controls 50.62±9.02 years; patients with diffuse skin variant of the disease dcSSc 

56.64±11.89 years; patients with limited skin variant lcSSc 53.64±12.43 years; patients 

with OVERLAP syndrome 49.75±15.37 years; and patients with very early systemic 

sclerosis (VEDOSS) (under 2 years since the start of non-Raynaud expression) 

48.44±12.14 years. The mean age of the groups is similar, without statistically significant 

difference, p = 0.203 (Table 1).  

Healthy – 23: 21 women and 2 men.  

Women – 90: 69 cases and 21 healthy controls.  

Men – 5: 3 cases and 2 healthy controls.  
 

Table 1: Median age of the patients in the investigated group and subgroups.  

Group Number Mean age SD Minimum Maximum p 

Total 95 52.76 14.12 23 81  

 

Healthy controls 23 50.62 9.02 33 62 0.203 

dcSSc 31 56.64 11.89 29 81 

lcSSc 18 53.64 12.43 37 77 

OVERLAP 13 49.75 15.37 23 72 

VEDOSS 10 48.44 12.14 24 65 

 

The patients are seen at the Rheumatology Clinic of the University Hospital Kaspela 

and as outpatients, healthy volunteers (mostly current and former health workers) have 

been recruited as a basis for comparison.  

Socio-demographic and accumulated clinical and laboratory data about patients 

have been acquired through an interview, standardized report form, physical examination 

and pre-approved testing plan. The analyzed data include age, age at onset, disease 

duration, socio-economic status, profession and education. All data are collected on paper 

and on an electronic medium in a database. All patients with SSc meet the classification 

criteria for SSc ACR/EULAR (2013). The patients are classified as having lcSSc or 

dcSSc and assessed according to the adopted international criteria. The control group is 

comprised of selected healthy volunteers. 

In order to control as many factors as possible, which may affect the investigated 

immunological parameters, all selected individuals with SSc at the time when serum 
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biomarkers are determined and imaging methods are applied have been undergoing 

treatment for at least three months prior with stable dose regimens. The administered 

medications include: disease-modifying drugs (MTX 7.5–12.5 mg/per week), 

Prednisolone up to 10 mg/per day or equivalent, Са-antagonists, АСЕ inhibitors, 

vasodilators (pentoxifylline). 

The study has been conducted in accordance with the requirements for Good 

Clinical Practice and in compliance with the Declaration of Helsinki on the rights of test 

subjects. All volunteers and patients have provided informed consent prior to the study. 

The study has been approved by the LEC (Local Ethics Committee). All participants have 

signed Informed Consent forms for participation in the study.  

1.1. Inclusion and exclusion criteria  

1.1.1. Inclusion criteria for patients with SSc  

• Age ≥ 18 years at inclusion  

• Diagnosed SSc according to the classification criteria ACR/EULAR 2013  

• VEDOSS, defined as < 2 years (from first symptoms, other than Raynaud’s phenomenon)  

• mRSS score ≥ 10 and ≤ 40 at the screening visit  

• Signed informed consent  

1.1.2. Exclusion criteria for patients with SSc  

• Rheumatic disease, other than SSc  

• Severe chronic pulmonary disease (incl. asthma, emphysema, etc.), primary ILD, prior 

lung surgery, prior or current severe lung infections.  

• Heart failure class III–IV according to NYHA, Cor pulmonale  

• Current treatment with hydroxychloroquine, D-penicillamine, mycophenolate mofetil 

or cyclophosphamide  

• Current or prior treatment with biological disease modifying drugs (bDMARDs) 

• Presence of thyroid pathology  

• Current or recent history of an uncontrolled clinically significant kidney, liver, blood, 

gastrointestinal, metabolic, endocrine, pulmonary, heart or neurological disease.  

1.1.3. Control group of healthy individuals – inclusion criteria:  

• Age over 18 years.  

• Signed informed consent for participation  

• Lack of inflammatory joint disease and systemic connective tissue disease (SCTD), 

thyroid pathology 

1.1.4. OVERLAP syndrome group – inclusion criteria:  

• Age over 18 years.  

• Signed informed consent for participation  

• Lack of other SCTD or inflammatory joint disease, thyroid pathology 

1.2. Study design – single-center, observational (cross-sectional) study.  

Primary information is collected by the author of the study over the period from 

2018 to May 2020. 
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2. Clinical characteristics of the study population  

The clinical study of the patients is performed at the Rheumatology Clinic, 

University Hospital Kaspela, Medical University – Plovdiv. 

The clinical study includes: 

• For patients with SSc, VEDOSS, OVERLAR – historic data about the onset and 

duration of disease, onset of Raynaud and non-Raynaud symptoms, internal organ 

involvement, type and duration of disease modifying and/or symptomatic treatment, 

comorbidities, other medication taken, family history. 

• definition of ACR/EULAR 2013 criteria for SSc 

• definition of SSc disease type according to the distribution of skin involvement – 

diffuse or limited  

• physical examination of the lungs and musculoskeletal system  

• assessment of mRSS   

• detecting TFRs  

• determining skin thickness  

• assessment of US10SSc score  

• echocardiographic assessment of pulmonary artery pressure  

• lung ultrasonography  

• determining GUESS score, assessment of SEC 

• radiographic assessment of pulmonary fibrosis  

• detecting DUs  

 

3. Laboratory methods  

Paraclinical and immunological tests are carried out at University Hospital Kaspela. 

Serum concentrations of biomarkers are determined at the Department of Medical 

Biology of Medical University – Plovdiv with the support of Assoc. Prof. Maria 

Kazakova and Valentin Dichev. Patient serum samples are collected in the morning on 

an empty stomach regardless of therapeutic regimes. 

 

3.1. Paraclinical and immunological tests include: complete blood count, 

differential blood count, biochemistry, erythrocyte sedimentation rate, CRP, 

immunology (ANA, Scl-70, ACA, PM/Scl and U1RNP).  

 

3.2. Methods for determining concentrations of YKL-40, IL-6, CXCL-4, 

ICAM-1, TNF-α, IL-12p40, IL-17A, TGF-β1 in blood serum.  

Enzyme-linked immunosorbent assay (ELISA) 

ELISA is used to determine the concentrations of YKL-40, TNF-α, IL-6, IL-12p40, 

IL-17А, CXCL4/PF4, adhesion molecule ICAM-1 and TGF-β1. The assay is run using 

specialized commercially available kits intended for testing specific molecules 
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(antigens). The method is based on quantitative enzyme-linked immunosorbent sandwich 

analysis and is performed in compliance with manufacturer guidelines. A monoclonal 

antibody, specific for the antigen of interest is immobilized on the bottom and walls of 

the wells of a 96-well polystyrene plate. The standards and controls from the kit, as well 

as the test samples are added in the designed wells. This is followed by an incubation 

period during which the antigen binds to the immobilized antibody. After the incubation 

is completed, the wells are washed out with a Wash buffer. A secondary polyclonal 

antibody conjugated with peroxidase or alkaline phosphatase enzymes specific to the 

antigen is added to the washed out wells. This is followed by another incubation period 

during which the secondary antibody binds the antigen in a complex with the primary 

antibody. The plate is washed out and substrate is added in the wells. Yellow staining is 

observed as the result of the product from the interaction between the enzyme and the 

substrate in the wells, containing the antigen of interest. The enzyme reaction is 

terminated by adding a stop solution, which causes a change in the color of the solution 

in the wells. The optic density (absorption) of the solution is measured in each well using 

a ELISA-reader – SUNRISE at a wavelength of 405 nm or 450 nm and a reference length 

of 570 nm. The resulting absorption values for the standards are used to establish the 

standard curve against which the concentration of the antigens in the samples is 

determined.  

Out of the entire patient sample (95 participants), a separate survey is conducted 

enrolling 41 patients (25 with dcSSc and 16 with lcSSc) and 13 healthy controls. The 

tests are performed at the Medical Biology Department of Medical University – Plovdiv 

with the support of Head Assistant Prof. Nikolay Mehterov and Valentin Dichev. The 

following analyses are performed in this patient group:  

 

3.3. Determining the levels of genetic expression of genes associated with 

the inflammatory response (for YKL-40, TNFα, IL-6, IL-12p40, IL-17А). 

Quantitative polymerase chain reaction (qRT-PCR)  

In order to determine the levels of genetic expression of genes associated with the 

inflammatory response (for YKL-40, TNFα, IL-6, IL-12p40, IL-17А) real-time 

polymerase chain reaction is performed. The qRT-PCR reaction is exponential, 

whereby the quantity of the tested transcripts for every gene is doubled with each 

subsequent cycle. The amplification of individual transcripts is monitored in real time 

by reading the levels of fluorescence emitted at the end of each cycle. For each gene, 

specific primer pairs are used in the analysis of YKL-40, TNF-α, IL-6, IL-12p40,  

IL-17А. hUBC, ACTIN, B2M, GAPDH are used as reference genes. The reaction is 

performed using a kit for q-PCR – (GreenMasterMix (2x) (Genaxxon bioscience 

GmbH, Germany), containing SuperHotStart Taq DNA polymerase enzyme, PCR 

buffer, MgCl2 and dNTP, and Syber Green fluorescent dye. For each individual 

reaction a mix is prepared, containing: 1 µl cDNA, 2 µl forward and reverse primers 

for the respective genes (200nm), 10 µl GreenMasterMix (2x) and 10 µl water free of 

nuclease. The final volume of the reaction mixture is 20 µl. The analysis is performed 
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using a device for quantitative q-PCR – RotorGene Q 6000. The reaction is performed 

using a two-step work program with the following parameters:  

– initiating denaturation – 15 min. at 95⁰C, 

– denaturation – 15 sec. at 95⁰C, 

– amplification – 60 sec. at 58⁰C, 

– final extension – 2 min. at 72⁰C 

40 cycles. 

 

3.4. Determining the expression levels of miRNAs (miR-24, miR-30c, miR-

125a, miR-153, miR-214).   

TagMan analysis 

In order to study the expression levels of miRNAs, participating in the regulation 

of YKL-40 expression, TagMan analysis is performed using fluorescence tagged probes. 

Based on bioinformatics analysis of 3‘UTR of YKL-40, miRNAs are selected: miR-24, 

miR-30c, miR-125a, miR-153, miR-214. miRNA RNU48 is used as a reference. The 

analysis is based on the qRT-PCR method under which the quantity of the emitted 

fluorescence signal corresponds to the number of examined miRNA transcripts. Through 

reverse transcription cDNA is synthesized for each miRNA, using mRNA of white blood 

cells with concentration 50 ng/µl, TagMan 5x primers (Thermo Fisher Scientific, USA) 

for the respective miRNA and TaqMan™ MicroRNA Reverse Transcription Kit (Thermo 

Fisher Scientific, USA). To conduct the TaqMan analysis, commercially available 

TagMan 20x primers are used for the respective micro RNAs (Thermo Fisher Scientific, 

USA) and TaqMan® Fast Advanced Master Mix (Thermo Fisher Scientific, USA), 

containing AmpliTaq™ Fast DNA Polymerase, Uracil-N glycosylase, dUTP, ROX™ 

Passive Reference dye and TaqMan MGB probe. The reaction mixture of the analysis 

contains cDNA – 5 µl, TagMan primers 20х -0.47 µl for the respective miRNAs, 

TaqMan® Fast Advanced Master Mix – 5.03 µl. The final work volume of the reaction 

is 10.5 µl. The analysis is performed using a device for quantitative q-PCR – RotorGene 

Q 6000. The following work program is used  

– incubation of Uracil-N glycosylase – 2 min. at 50⁰C, 

– activation of polymerase – 20 sec. at 95⁰С,  

– denaturation – 1 sec. at 95⁰C,  

– amplification – 20 sec. at 60⁰С.  

40 cycles. 

 

4. Instrumental methods  

4.1. Two-dimensional ultrasonography for assessment of the skin 

A high-frequency ultrasonograph GE Logic E9 (18 MHz) equipped with a 18 MHz 

transducer is used to assess skin involvement. The modified assessment score for skin 

thickness is applied and this is reliable and comparable to the extended score, which 
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assesses the 17 locations using US, repeating the locations for physical examination of 

skin thickness (for the calculation of mRSS). 

 

 

Figure 1: High-frequency ultrasonography of the skin (B-Mode) of a patient with SSc. 

 

US of digital ulcerations (DUs)  

An US is performed of each DU using a high-frequency transducer with a frequency 

of 18 MHz on a GE E9 ultrasound device (using sterile US gel) along the determined 

“long” axis (the longest skin measurement) and “short” axis (90° perpendicular to the 

“long” axis). The boundaries of the DU are determined at the skin surface by identifying 

changes in the surface layers or visible changes in the profile, measuring both the width 

and the depth of DU.  

 

4.2. Two-dimensional ultrasonography for assessment of joints and tendons 

On the same day musculoskeletal system involvement is assessed physically and 

ultrasonographically.  

An Esaote MyLab7 ultrasound system equipped with a multi-frequency linear 

transducer (10-18 MHz) is used to assess the joint/tendon involvement. The frequency of 

Gray Scale Ultrasound (GSUS) is 12-18 MHz depending on the examined joint and 

GSUS gain is adjusted according to the joint region and the patients with a mean value 

of about 50%. The following settings are used for PDUS: frequency 9.1 MHz; pulse 

repetition frequency 500–750 Hz; PDUS gain is dependent on the joint region and the 

patients with a mean value of about 50%; low wall filter, which is retained during the 

examination. PDUS gain is not changed for each patient during the surveillance period. 

10 joints of both hands are examined: wrist, second and third metacarpophalangeal 

(MCP) and second and third proximal interphalangeal joint (PIP) joint and their 
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corresponding tendons. Several parameters are assessed according to the definitions and 

standardized protocols for Outcome Measures in Rheumatology (OMERACT) of 

individual pathologies, including the presence of synovitis and tenosynovitis. All 

examined structures are assessed through GSUS and PDUS.  

GSUS. The wrist joint is assessed for the presence of synovitis and tenosynovitis 

on dorsal, palmar and ulnar scan. MCP2 and MCP3 are assessed for the presence of 

synovitis and tenosynovitis on palmar scan and paratenonitis on dorsal scan, PIP2 and 

PIP3 are assessed for the presence of synovitis on palmar scan. Synovitis of GSUS is 

graded on a semiquantitative scale of 0-3.  

PDUS. PDUS is used to grade synovitis and tenosynovitis/paratenonitis on dorsal 

and palmar scan for each joint according to a semiquantitative scale (0-3 grade).  

The synovitis score for GSUS varies between 0–30, of tenosynovitis/paratenonitis 

for GSUS – from 0–14, of synovitis for PDUS – from 0–66, of tenosynovitis/ 

paratenonitis for PDUS – from 0–42. The US10SSc score is calculated as the sum of the 

synovitis score and tenosynovitis/paratenonitis for GSUS, and of synovities and 

tenosynovitis/paratenonitis for PDUS. US10SSc varies between 0–164.  

 

 

 

Figure 2: Power Doppler US of the wrist joint of a patient with SSc with positive Doppler 

signal.  

 

Along with the examined tendons in the vicinity of wrist joint and the fingers, 

we have applied also Glasgow Ultrasound Enthesis Scoring System (GUESS) and an 

assessment of SEC. Each tendon is examined in two perpendicular planes – 

longitudinal and transverse scan. The enthesis locations of the insertions of common 

extensor tendons (CET) are scanned bilaterally for the lateral epicondyles and 

enthesis, scored according to GUESS. The GUESS score is calculated for each object 

as the sum of the GUESS score for soft tissues and GUESS for the bone score. The 

following enthesis locations are assessed, which are included in GUESS score: 

Superior pole of the patella (insertion of the quadriceps tendon), inferior pole of the 

patella (patellar ligament zone), patellar ligament in the zone of tuberositas tibiae, 

Achilles tendon and the plantar fascia of the index location of the calcaneus. For the 
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assessment of various entheses, the patients assume the respective positions. All 

Gray scale US findings are documented in accordance with GUESS: thickening of the 

tendon insertion, bone erosion, bursitis and enthesophyte formations depending on the 

definitions. The thickness of entheses is measured in longitudinal scan with insertion 

at the distal section of the tendon for the bone. 

 

       
Figure 3a.                 Figure 3b.    

 

 
Figure 3c.  

 

Figure 3: (a, b, c) Assessment of SEC of CET at the level of the lateral epicondyle of 

patients with SSc. 

 

The assessment of CET is performed with the patient opposite the examiner with 

elbow joints in flexion and the lower arms placed on the examination table. All US 

changes are documented as compatible with the changes in the enthesis in accordance 

with the OMERACT definition of enthesitis: hypoechogenicity, increased thickness of 

the insertion point of the tendon, calcifications, enthesophytes, erosions and presence of 

Power-Doppler signal (PDUS) (fig. 2-3). The participation of the Synovio-entheseal 

complex (SEC) is assessed only at the enthesis of CET. In patients with SSc with positive 

PDUS signals ≥ 1 in CET closer than 2 mm from the bone surface, the participation of 

SEC has been assessed at the level of the epicondylar section. SEC involvement is defined 

as the presence of a PDUS signal ≥ 2 in the elbow epicondylar synovial fold, belonging 

to the lateral epicondylar enthesis, proximally to the annular ligament (AL) and 
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positioned lower than the insertion point of CET into the bone and the radial collateral 

ligament (RCL). To avoid PDUS artifact reverberation, the SEC PDUS signal is read 

only if present in a different plane than the PDUS signal of CET and not only under it. 

The settings of PDUS have been standardized with a Doppler frequency of 8–12,5 MHz, 

PRF 750 Hz and Wall Filter 2. The gain is adjusted until the background signal is 

eliminated. The PDUS signal is read only if present in two perpendicular planes.  

 

4.3. Lung radiograph – for the assessment of pulmonary fibrosis  

4.4. Lung ultrasonography (LUS)  

The cardiac profile of GE E9 is used with transducer frequency 3–5 MHz to assess 

pulmonary involvement.  

Comet score 

For the examined patients are assessed using the so-called simplified LUS analysis 

of 14 LIS according to Tardella 2018 (865), corresponding to Warrick score 7, a cut-off 

is assumed for the available ILD 10 В-lines with a sensitivity of 96.30 (95% CI 81.0-

99.9) and specificity 92.31 (95% CI 64.0-99.8). This is obtained by adding the number 

of B-lines identified in each of these 14 LIS, namely for the anterior part of the thorax – 

second LIS along the parasternal line and the fourth LIS along the medioclavicular, 

anterior and middle axillary line; for the posterior part of the thorax – eight LIS along the 

paravertebral, subscapular and posterior axillary line for both thorax sides. If B-lines 

confluate, the semiquantitative method is used as proposed by Gargani and Volpicelli, 

namely the percentage of affected areas, occupied by B-lines, divided by 10 (i.e. 30% of 

white screen corresponds to 3 B-lines, 40% to 4 B-lines, etc.) if a complete white screen 

is present, this corresponds to 10 B-lines.  

 

 

Figure 4: LUS presents a classic image of a hyperechogenic B-line emerging from the 

pleura.  
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4.5. Capillaroscopy 

Capillaroscopy is performed for all patients with SSc using a digital video 

capillaroscopy system, model Mediscope Optilia standard, OptiPix Capillaroscopy 

Clinic 1.7.x. 
 

   
5а           5b     5c 

Figure 5: (a, b, c) Capillaroscopy images for patients with SSc 

 

4.6. Transthoracic echocardiography (TTechoCG) 

TTechoCG is applied for all patients with SSc, including VEDOSS, as well as the 

OVERLAP group for assessment of left ventricular ejection fraction, tricuspid 

regurgitation, dimensions of the right atrium and right ventricle, and measurement of the 

pulmonary artery pressure.  
 

5. Statistical methods  

The selection of statistical methods is made in consideration of the type of the data, 

the distribution of the variables and in view of the goals guiding the current scientific 

research (Kirk, 1995). All quantities are checked for symmetry and normality through the 

Kolmogorov-Smirnov test, box plots and skewness values.  

Demographic data include age and sex distribution. Comparisons between groups 

of mean age are made using one-way ANOVA. Sex distribution is given in number 

and percentage, and comparisons between the sexes are performed through the Fisher’s 

exact test.  

Clinical data on the group of SSc patients (incl. US10SSc score, pulmonary artery 

pressure, LUS, GUESS score, SEC and skin thickness) are presented by the following 

statistics: median, range, mean values and standard deviation. Comparisons between 

groups are made using the Kruskal-Wallis test due to the lack of normal distribution 

according to the Kolmogorov-Smirnov statistics (p > 0.05). The data on pulmonary 

fibrosis and DUs are presented in percentages and compared using the Chi-square test.  

For the target variables (incl. IL-6, YKL-40, ICAM-1, CXCL4, IL-12p40, TNF-α, 

TGF-β1) according to the Kolmogorov-Smirnov test the requirement for normal 

distribution has not been met (p > 0.05). For most of them, the values for skewness are 

outside the allowed range between -1 and + 1 (George & Mallery, 2009). For this reason, 

the descriptive statistics include the value of the median and the range along with the 

mean value, standard deviation and the 95% confidence interval.  
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Due to the asymmetry in the distribution of values and the uneven number of 

participants in individual groups for comparisons between groups nonparametric 

statistical methods are used, including the Kruskal-Wallis test, to compare more than two 

groups and the Mann-Whitney U test for comparison in pairs. The connection between 

the levels of interleukins and other measurements is made using Spearman rho 

correlation. Correlation coefficients are interpreted against the reference values of Cohen 

(Cohen, 1988), as follows:  

• very large/high correlation: ± (0.70 – 1) 

• large/high correlation: ± (0.50 – 0.69) 

• medium/moderate correlation: ± (0.30 – 0.49) 

• weak/low correlation:  ± (0.10 – 0.29) 

Positive values denote positive linear relationship where the values of the two 

correlated quantities change in the same direction. Negative values denote negative linear 

relationship where the values of two quantities change in opposite direction – one 

increases, the other decreases.  

In cases of significant correlation between continuous and binary variables quantity 

(1-0) we performed ROC curve analysis and calculated the sensitivity and specificity.  

In addition to the correlation analysis, we have performed single linear regression 

analysis for those cases where significant linear association was found. Through the 

regression analysis we have determined the predictive role of the studied variables based 

on the following statistics: coefficient of determination (R-square), adjusted coefficient 

of determination (R-square adj.), B-coefficient, constant and prediction equation.  

Statistical significance was accepted at p < 0.05 for all main tests (e.g demographic 

data, comparison between healthy controls and patients, correlation analyses and analyses 

using a ROC curve). In multiple comparisons as in a post-hoc analysis following the 

Kruskal-Wallis test, Bonferroni corrections were performed to control for Type-I error. 

In these cases, the initial error alpha (α) = 0.05 was reduced by the number of the 

comparisons that were performed (N = 10). The chapter Results proposes interpretations 

of the results against the initial error level (0.05) and the adjusted level following the 

Bonferroni correction (0.005).  

Data analysis is performed using the statistical software IBM SPSS, version 25.0 

(2017) and the statistical software Minitab version 18.1 (2017).  

GraphPad Prism software (GraphPad Software 8.0.1 version, Inc., La Jolla, CA, 

USA) is used for the statistical analysis of the results from the subsurvey to determine 

the levels of genetic expression of genes associated with the inflammatory response and 

to determine the expression levels of miRNAs participating in the regulation of the 

expression of individual proteins. The Mann-Whitney U test is performed to compare the 

medians of FC – values (pathways for changes in gene expression) for the various groups. 

Spearman rho correlation and linear regression analysis is performed to assess the 

relationship between the variables. ROC analysis is used for the assessment of the 

diagnostic power of circulating molecules. Р-values under the threshold 0.05 is 

considered as significant. 
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IV.  RESULTS 

Clinical characteristics of patients 

Clinical data about the patient group includes the following measurements: 

US10SSc score, pulmonary artery pressure, LUS, GUESS score, SEC, skin thickness, 

pulmonary fibrosis, and DUs. Statistical information on the above parameters in separate 

patient groups is presented in Table 3. As mentioned in the Statistical analysis section, 

comparisons between groups are made using the Kruskal-Wallis test. Statistically 

significant values are marked with (!) in Table 3. The significantly highest value of 

US10SSc score (9.12±5.84, median 9) is detected in the patient group with dcSSc 

compared against the other patient groups (p = 0.002), which in turn demonstrated similar 

values without significant difference. Pulmonary artery pressure shows the highest value 

in patients with lcSSc (25.46±8.02, median 24) out of all other groups (p = 0.001). No 

significant difference between the groups of dcSSc, OVERLAP and VEDOSS is found 

with regard to the values of pulmonary pressure. The highest level of LUS is found in the 

dcSSc group (14.72±8.59, median 14.50) with significant difference from the other 

groups (p < 0.001). The lowest value of LUS is observed in the lcSSc group (2.60±4.76, 

median 1.50), which is significantly different not only compared to the dcSSc group but 

also the remaining two groups: lcSSc →OVERLAP (p = 0.004); lcSSc →VEDOSS (p < 

0.001). The difference in the values of LUS between the OVERLAP and VEDOSS 

groups is not significant (p = 0.539). GUESS score and SEC do not demonstrate 

significant differences between patient groups (p > 0.05 for the comparisons performed).  

The significantly higher value of mRSS is found in the dsSSc group (18.86±8.36, 

median 18) compared against the other groups (p = 0.043), which did not yield significant 

differences among each other. Again, for the dcSSc group there is a significantly higher 

value of skin thickness (1.60±0.34, median 1.42) compared to the other groups (p = 

0.004). The highest percentage of pulmonary fibrosis is found in the lcSSc group (26.7%), 

followed by the dcSSc group (24.1%), VEDOSS – 10% and the OVERLAP group – 0%. 

Overall, the percentage of pulmonary fibrosis is low and does not demonstrate significant 

differences between the groups. The highest percentage of digital ulceration has been 

found in the OVERLAP group (DUs 41.7%) with significant difference when compared 

to other groups (p = 0.015), which have similar incidence of DUs across each other. 
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Table 3: Clinical data about patients 

Quantity 
Group 

Significance 

p 
dcSSc lcSSc OVERLAP VEDOSS 

US10SSc score 

Mean (±SD) 
Median 
(Range) 

 

9.12±5.84! 

 

9 (0-21) 

 

5.92±4.19 

 

5 (1-15) 

 

2.66±2.70 

 

2.50 (0-9) 

 

4.22±5.09 

 

3 (0-16) 

0.002** 

Pulmonary 

artery pressure 

(±SD) 

Median 
(Range) 

 

17.20±2.94 

 

17.50 (12-25) 

 

25.46±8.02! 

 

24 (13-39) 

 

18.08±4.94 

 

17 (14-30) 

 

16.30±1.88 

 

16.50 (13-19) 

0.001** 

LUS 

Mean (±SD) 
Median 
(Range) 

 

14.72±8.59! 

 

14.50 (1-33) 

 

2.60±4.76 

 

1.50 (0-15) 

 

4.41±5.58 

 

2.50 (0-17) 

 

9.11±9.66 

 

4.50 (1-32) 

0.000** 

GUESS score 

Mean (±SD) 
Median 
(Range) 

 

6.16±3.99 

 

6.50 (0-13) 

 

4.78±4.11 

 

4 (0-14) 

 

4.66±3.72 

 

4 (0-12) 

 

8.28±3.45 

 

8 (2-13) 

0.172 

SEC 

Mean (±SD) 
Median 
(Range) 

 

3.46±2.04 

 

3 (0-8) 

 

2.50±1.78 

 

2.50 (0-7) 

 

2.16±2.28 

 

1.50 (0-8) 

 

3.71±2.28 

 

3 (1-8) 

0.105 

mRSS 

Mean (±SD) 
Median 
(Range) 

 

18.86±8.36! 

 

18 (7-37) 

 

12.33±4.13 

 

12 (6-24) 

 

13.84±4.70 

 

13 (8-24) 

 

14.22±3.73 

 

15 (9-19) 

0.043* 

Skin thickness 

Mean (±SD) 
Median 
(Range) 

 

1.60±0.34! 

 

1.42 (1.13-2.18) 

 

1.20±0.23 

 

1.30 (0.86-1.58) 

 

1.32±0.37 

 

1.28 (0.87-1.77) 

 

1.23±0.24 

 

1.31 (0.91-1.64) 

0.004** 

Pulmonary 

fibrosis 

% 
24.1% 26.7% 0% 10% 0.231 

DUs 

% 
6.7% 21.4% 41.7%! 0% 0.015* 
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1. Comparative assessment of serum cytokine concentrations in 

patients and controls 

1.1. Results from the analysis of IL-6  

We compare the level of IL-6 in all patients with SSc to that of healthy controls 

through the Mann-Whitney U test. The results show significantly higher concentration of 

IL-6 in the pooled group of patients (27.60±48.80 pg/ml; median 8.32) when compared 

to healthy controls (5.79±2.46 pg/ml; median 5.52).  

Figure 6 illustrates the distribution of IL-6 against the median (box plot) and 

average value with the 95% confidence interval for the group of patients and that of the 

healthy controls.  
 

 

Figure 6: Distribution, median, mean value and 95% confidence interval of IL-6 for the 

group of patients and that of the healthy controls. 

 

We have traced the levels of IL-6 in the various subgroups of patients and the healthy 

controls group. The analysis of the Kruskal-Wallis test shows statistical significance (p < 

0.001) and this is followed by a comparison in pairs in order to establish among which 

subgroups there is a significant difference in the level of IL-6. A total of 10 comparisons 

are made in pairs using the Mann Whitney U test, as follows: 1) dcSSc and healthy controls; 

2) dcSSc and lcSSc; 3) dcSSc and OVERLAP; 4) dcSSc and VEDOSS; 5) lcSSc and 

healthy controls; 6) lcSSc and OVERLAP; 7) lcSSc and VEDOSS; 8) OVERLAP and 

p < 0.001** 

Box plots (medians)               Means and 95% Confidence intervals 

 HS      patients                   HS          patients 
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healthy controls; 9) OVERLAP and VEDOSS; 10) VEDOSS and healthy controls. The 

results are illustrated in Figure 7. 

In the patient group with dcSSc we have found significantly higher concentrations of 

IL-6 (49.64 pg/ml; median 16.36) than all other subgroups at a permissible error level alpha 

(α) = 0.05 as follows: dcSSc → healthy controls (p < 0.001); dcSSc →lcSSs (p = 0.048); 

dcSSc →OVERLAP (p = 0.001); dcSSc →VEDOSS (p = 0.023). It needs to be noted that 

the difference between patients with dcSSc and those with lcSSc, as well as the VEDOSS 

group would not be significant following Bonferroni corrections, a tn error level α = 0.005 

(p > 0.005). Patients with lcSSc also show significantly higher concentration of IL-6 

(13.22 pg/ml; median 8.65) than healthy controls (p = 0.020), at a level of error (α) = 0.05. 

Following Bonferroni correction, this difference cannot be interpreted as significant,  

p > 0.005. The difference in the level of IL-6 between lcSSc patients and the other two 

groups is not significant: OVERLAP (p = 0.142) and VEDOSS (p = 0.512).  

For the remaining two subgroups, the level of IL-6 does not differ significantly from 

that of healthy controls. OVERLAP →healthy controls (p = 0.283); VEDOSS →healthy 

controls (p = 0.059). No significant difference is found between these either, OVERLAP 

→VEDOSS (p = 0.446).  

Figure 7 traces the comparisons between groups described above. The box plot 

presents the distribution of IL-6 in the various groups against the median; the interval 

plot illustrates the mean value and the 95% confidence interval.  

 

 

Figure 7: Distribution, median, mean value and 95% confidence interval of IL-6 for the 

studied groups  

p = 0.023* 
p < 0.001** 

p = 0.020* 

p = 0.048* 

p = 0.001** 

HS HS 

 Box plots (medians)              Means and 95% Confidence intervals 
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We investigate the connection between IL-6 and the following quantities: PAH, LUS 

(number of B-lines), US10SSc score, skin thickness and mRSS using Spearman correlation 

analysis. With the exception of PAH, all other correlations are statistically significant. 

Between IL-6 and LUS, we find a positive association of great value against the reference 

values of Cohen (1988), rs = 0.718, p < 0.001. High positive correlation is also observed 

between IL-6 and US10SSc score, rs = 0.808, p < 0.001. Very high correlation (rs = 0.718, 

p < 0.001) is found between IL-6 and skin thickness, and between IL-6 and mRSS, there is 

also a significant correlation with a high value, rs = 0.783, p < 0.001. 

Significant correlations between IL-6 and LUS, US10SSc score, skin thickness, 

mRSS are illustrated in Figure 8.  

 

 

Figure 8: Significant correlations of IL-6 with LUS, US10SSc score, skin thickness 

and mRSS 

 

Prognostic role of IL-6  

In continuation of the correlation analysis, presented in the previous section, we 

have conducted single linear regression analyses in order to establish the prognostic role 

of IL-6 with regard to the influence of SSc on the quantities, which shows the greatest 

linear connection with IL-6, including: LUS, US10SSc score, skin thickness and mRSS. 

To this end, 4 linear regression models are compiled and tested for statistical significance. 

The first regression model tests the prognostic role of IL-6 with regard to the number of 

B-lines (LUS). A high coefficient of determination (R-square) is found, which indicates 

that 67.1% of changes in B-lines can be predicted based on IL-6 values. The adjusted 

rs = 0.718, p < 0.001  

rs = 0.909, p < 0.001  rs = 0.783, p < 0.001  

rs = 0.808, p < 0.001  

skin thickness 

Significant correlations between IL-6 and LUS, US10SSc score, skin thickness and mRSS 



24 

coefficient of determination (R-square adj.) shows that if the model is tested with other 

samples, the expected predictive value is 66.6%. Based on the constant (3.93) and the B-

coefficient (0.146), which are statistically significant (p < 0.001), we have worked out 

the prognostic equation as follows: LUS = 3.93 + 0.146 (IL-6). For example, if the value 

of IL-6 = 141, LUS = 3.93 + 0.146 x 141 = 24.5. Or for a value of IL-6 = 141, it can be 

expected that LUS would show 24 or 25 B lines.  

It is also found that there is a significant prognostic role of IL-6 with regard to 

US10SSc score with a coefficient of determination R-square = 37.9% and adjusted 

coefficient R-square (adj.) = 36.9%. The constant (3.57) and the B-coefficient (0.067) 

shows statistical significance (p < 0.001) and are used to work out the prognostic 

equation: US10SSc score = 3.57 + 0.067 (IL-6). For example, if the value of IL-6 = 46, 

US10SSc score = 3.57 + 0.067 x 46 = 6.65. Or for a value of IL-6 = 46, it can be expected 

that US10SSc score = 6.65.  

59.3% of the changes in skin thickness (R-square) can be accounted for based on 

IL-6 for the current sample and 58.7% (R-square adj.) for other potential samples. Based 

on the constant (1.26) and the B-coefficient (0.005), which demonstrated statistical 

significance (p < 0.001), Skin thickness =1.26 + 0.005 (IL-6). The fourth regression 

analysis confirmed the significant prognostic role of IL-6 with regard to mRSS. 52.7% 

of the changes in mRSS (R-square) can be accounted for based on IL-6 for the current 

sample and 52% (R-square adj.) when studying other samples. The constant (12.84) and 

the B-coefficient (0.104) also show statistical significance (p < 0.001). The prediction 

equation is as follows: mRSS = 12.84 + 0.104 (IL-6). The results are summarized in 

Figure 4.  

 

Table 4: Results from the linear regression analysis of the prognostic role of IL-6. 

Prognostic  

quantity IL-6 

R-square R-square 

(adj) 
Constant 

    value          p 

B coefficient 

    value            p 

LUS 67.1% 66.6% 3.93 0.000** 0.146 0.000** 

US10SSc score 37.9% 36.9% 3.57 0.000** 0.067 0.000** 

Skin thickness 59.3% 58.7% 1.26 0.000** 0.005 0.000** 

mRSS 52.7% 52.0% 12.84 0.000** 0.104 0.000** 

** Statistical significance for p ≤0.01; *Statistical significance for p <0.05 

 

Figure 9 provides a graphic illustration of the prognostic role of IL-6 for the degree 

of involvement of various organs by SSc. The coefficients of determination reflect the 

values of the adjusted coefficient of determination (R-square adj) in descending order 

from the highest to the lowest coefficient. Prognostic equations are also included.  
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Figure 9: IL-6 as a significant predictor of LUS, skin thickness, mRSS and US10SSc score 

 

1.2. Results from the analysis of YKL-40  

For patients with SSc, it has been found that there is a significant level of YKL-40 

(115.62 ng/ml±89.51, median 86.76) when compared against healthy controls YKL-40 

(46.28 ng/ml±18.91, median 44.02), p < 0.001.  

The difference in the level of YKL-40 between healthy controls and the unified 

group of patients with SSc is illustrated in Figure 10 by a box plot based on the median 

and an interval graph showing the mean value and the 95% confidence interval.  

 

Figure 10: Distribution, median, mean value and 95% confidence interval of YKL-40 for 

the group of patients and that of the healthy controls. 

p < 0.001** 

Prognostic role of IL-6 

skin 

thickness 

(ST) 

 Box plots (medians)         Means and 95% Confidence intervals 

 HS    patients        HS       patients 
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At the next stage, a comparison is made between healthy controls and each patient 

group. High statistical significance is found indicating differences between the groups or 

among some of them separately for the level of YKL-40, p < 0.001. 

To specify the differences between groups for the level of YKL-40, comparative 

analysis is performed in pairs, analogically to the previous section (for IL-6). The results 

are illustrated in Figure 11. The level of YKL-40 in patients with dcSSc (159.5 2ng/ml, 

median 136.20) is significantly higher than that of all other groups. The significance is 

valid and after a Bonferroni correction at a permissible level of error alpha (α) = 0.003, 

as follows: dcSSc → healthy controls (p < 0.001); dcSSc →lcSSs (p < 0.001); dcSSc 

→OVERLAP (p < 0.001); dcSSc →VEDOSS (p = 0.001).  

Patients with lcSSc also show significantly higher level of YKL-40 (89.31ng/, 

median 68.03) than healthy controls (p = 0.001), at the corrected level of error (α) = 0.003. 

The difference in the level of YKL-40 between lcSSc patients and the other two groups 

do not reach statistical significance. OVERLAP (p = 0.526) and VEDOSS (p = 0.177).  

Patients in the OVERLAP group have a significantly higher concentration of 

YKL-40 (69.57ng/ml, median 73.43) than the healthy controls at a level of error  

(α) = 0.05 (p = 0.037). It needs to be noted that after the Bonferroni correction, the 

difference cannot be interpreted as significant. Between the VEDOSS group and the 

healthy controls, the level of YKL-40 does not show significant difference (p = 0.658). 

No significant difference is found in the concentration of YKL-40 between the 

OVERLAP and VEDOSS groups (p = 0.418). 

Comparisons between groups with regard to the level of YKL-40 are illustrated in 

Figure 11.  
 

 

Figure 11: Distribution, median, mean value and 95% confidence interval of YKL-40 for 

the studied groups 

p = 0.001** 

p < 0.001** 

p < 0.001** 

p = 0.001** 

  Box plots (medians)             Means and 95% Confidence intervals 

HS HS 
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The Spearman correlation analysis is used to track the connection between the levels 

of YKL-40 and the following parameters: PAH, LUS (number of B lines), US10SSc score 

and pulmonary fibrosis. A significant positive correlation is found between YKL-40 and 

PAH but for a low value compared to the reference values of Cohen (1988), rs = 0.255, p 

= 0.037.  The next two correlations are not only statistically significant but also have high 

values: YKL-40 and LUS (rs = 0.693, p < 0.001); YKL-40 and US10SSc score (rs = 0.884, 

p < 0.001). The last correlation between YKL-40 and pulmonary fibrosis does not show 

significant relationship between two quantities (rs = 0.192, p = 0.119). 

The significant correlations of YKL-40 with PAH, LUS, and US10SSc score are 

illustrated in Figure 12.  

 

 

Figure 12: Significant correlations of YKL-40 with PAH, LUS, and US10SSc score 

 

 

Prognostic role of YKL-40 

In order to specify the prognostic role of YKL-40 on the quantities, which 

demonstrated significant linear relationship with YKL-40 (PAH, LUS, and US10SSc 

score) we have built 3 linear regression models and tested these for statistical 

significance. The first regression model for predicting PAH based on YKL-40 does not 

demonstrate statistical significance (p = 0.063). The coefficient of determination  

R-square = 5.2% and the adjusted coefficient of determination R-square (adj) = 3.8% 

have very low prognostic value. Due to the lack of statistical significance, the constant, 

and the B-coefficient cannot be used to draw up a prognostic equation.  

rs = 0.255, p = 0.037 rs = 0.693, p < 0.001 

rs = 0.884, p < 0.001 

Significant correlations of YKL-40 with PAH, LUS and US10SSc score 
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In the next regression model YKL-40 showed significant prognostic role with 

regard to LUS B-lines with a coefficient of determination R-square = 61% and adjusted 

coefficient R-square (adj) = 60%. The constant (14.40) and the B-coefficient (0.007) are 

statistically significant (p < 0.001). Based on this, we have drawn up the following 

prognostic equation: LUS = 14.40 + 0.007 (YKL-40). For example, if YKL-40 = 141, 

LUS = 14.40 + 0.007 x 141 = 14.98. Or the value of YKL = 141, it can be predicated that 

LUS = 15.  

The last model, which tests the prognostic role of YKL-40 with regard to US10SSc 

score has the highest prognostic value, reaching 73% (R-square) and 72.6% (R-square 

adj.). Based on the constant (4.56) and the B-coefficient (0.0081), which demonstrated 

statistical significance (p < 0.001), US10SSc score can be predicted using the following 

equation: US10SSc score = 4.56 + 0.081 (YKL-40). For YKL-40 = 141, US10SSc score 

= 4.56 + 0.081 x 141 = 15.98.  

 

Table 5: Results from the linear regression analysis of the prognostic role of YKL-40. 

Prognostic  

Quantity YKL-40 
R-square R-square 

(adj) 
Constant 

   value          p 
B coefficient 

  value           p 

PAH 5.2% 3.8% 47.41 0212 3.559 0.063 

LUS 61% 60% 14.40 0.000** 0.007 0.000** 

US10SSc score 73% 72.6%   4.56 0.002** 0.081 0.000** 

** Statistical significance for p ≤0.01; *Statistical significance for p <0.05 

 

Figure 13 provides a graphic illustration of the prognostic role of YKL-40 for the 

degree of lung (LUS) and joint involvement (US10SSc score). The coefficient of 

determination of the adjusted coefficient of determination (R-square adj.) and the 

prognostic equations are included.  

 

 

Figure 13: YKL-40 as a significant predictor of US10SSc score and LUS  

Prognostic role of YKL-40 
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1.3. Results from the analysis of TGF-β1  

Analogically to the previous biomarkers, the data analysis for TGF-β1 includes a 

comparison between the two main groups – SSc patients and healthy controls, between 

the various patient groups and correlation analysis of the potential relationship between 

TGF-β1 and the following quantities: number of B-lines, PAH, skin thickness, US10SSc 

score and mRSS. 

The level of TGF-β1 in the two main groups (SSc patients and healthy controls) is 

compared using the Mann-Whitney U test. Slightly higher mean values and median are found 

in healthy controls (21971±7158 pg/ml; median 23444) compared to SSc patients (20529± 

8318 pg/ml; median 19621) but without statistically significant difference (p = 0.239).  

Figure 14 illustrates the levels of TGF-β1 against the patient group and that of the 

healthy controls using box plots (based on medians) and shows interval graphs of the 

mean values and the 95% confidence interval. The lack of statistically significant 

difference prevented us from determining a significant trend with respect to the level of 

TGF-β1 in patients with SSc.  

 

 

Figure 14: Distribution, median, mean value and 95% confidence interval of TGF-β1 for 

the group of patients and that of the healthy controls. 

 

The levels of TGF-β1 in the various patient subgroups and the healthy controls 

group are subject to examination in the next analysis through a Kruskal-Wallis test. 

Variations in the mean and median values of TGF-β1 are observed in the separate groups 

but without significance of the differences (p = 0.650). 

 HS    patients   HS  patients 

 Box plots (medians)            Means and 95% Confidence intervals 
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Figure 15 shows the variations in the levels of TGF-β1 between individual 

subgroups but without significant trends in the intergroup differences. 

 

 

Figure 15: Distribution, median, mean value and 95% confidence interval of TGF-β1 for 

the studied subgroups 

The potential relationship of TGF-β1 with PAH, LUS (number of B-lines), 

US10SSc score, skin thickness and mRSS is traced using Spearman correlation analysis 

(Table 6). The results indicate the lack of significant linear association between  

TGF-β1 and the other quantities, as follows PAH (p=0.453); LUS (p=0.825); US10SSc 

score (p=0.096); skin thickness (p=0.980); mRSS (p=0.580). 
 

Table 6: The results from the correlation analysis of the relationship between TGF-β1 

and LUS, US10SSc score, skin thickness and mRSS 

TGF-β1 PAH LUS 
US10SSc 

score 
Skin 

thickness 
mRSS 

Spearman’s 

correlation coefficient 
 

0.096 
 

0.028 
 

0.211 
 

- 0.003 
 

-0.071 

 

Significance (p) 
 

0.453 
 

0.825 
 

0.096 
 

0.980 
 

0.580 

 

Number (N) 
 

72 
 

72 
 

72 
 

72 
 

72 

 Box plots (medians)            Means and 95% Confidence intervals 

HS HS 
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1.4. Results from the analysis of ICAM-1 

The results of the comparison between patients with SSc and the healthy controls 

with regard to the concentration of ICAM-1 demonstrate higher levels of ICAM-1 in the 

patient group (109.84 ng/ml, median 79.63 ng/ml) than the healthy controls group 

(78.37 ng/ml, median 52.09), p = 0.025. 

Figure 16 provides graphical illustration of the difference between patients and 

healthy controls in the distribution, the median and the mean values of ICAM-1 in SSc 

patients and healthy controls.  

 

 

Figure 16: Distribution, median, mean value and 95% confidence interval of ICAM-1 

for the group of patients and that of the healthy controls.  

The results of the comparison of the ICAM-1 level between the individual patient 

groups and the healthy controls indicate that the level of ICAM-1 (mean values and 

median) is different in the individual groups but differences do not reach statistical 

significance, p = 0.022. Because the Kruskal-Wallis test does not show any significance, 

no comparisons are made in pairs.  

Despite the statistical significance, it needs to be noted that the highest level of 

ICAM-1 is observed in lcSSc patients (126.42 ng/ml, median 115.94 ng/ml). Next are 

patients with dcSSc (108.20 ng/ml, median 79.06); VEDOSS (107.62 ng/ml, median 

55.11); OVERLAP (95.16 ng/ml, median 77.26) and healthy controls, which demonstrate 

the lowest level of ICAM-1 (78.37 ng/ml, median 52.09). The visual representation of 

the variation of the values of ICAM-1 is given in Figure 17. 

 Box plots (medians)    Means and 95% Confidence intervals 

 HS  patients                HS       patients 
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Figure 17: Distribution, median, mean value and 95% confidence interval of ICAM-1 

for the studied groups  

We investigate the connection between the levels of ICAM-1 and the following 

parameters: PAH, LUS (number of B lines), US10SSc score and pulmonary fibrosis 

(Table 7). Highly significant linear association is found between ICAM-1 and US10SSc 

score, rs = 0.895, p < 0.001. ICAM-1 also shows significant association with pulmonary 

fibrosis (rs = 0.571, p < 0.001). No significant association has been found between ICAM-

1 and PAH (p = 0.586), as well as ICAM-1 and LUS (p = 0.950). 

Table 7: Results from the correlation analysis of the relationship between ICAM-1 and 

PAH, LUS, and US10SSc score 

ICAM-1 PAH LUS 
US10SSc 

score 
pulmonary 

fibrosis 

Spearman’s 

Correlation coefficient 
 

0.069 
 

0.008 
 

0.895 
 

0.571 

 

Significance (p) 
 

0.586 
 

0.950 
 

0.000** 
 

0.000** 

 

Number (N) 
 

72 
 

72 
 

72 
 

72 

** Statistically significant correlation at p ≤0.01; *Statistically significant correlation at p <0.05  

 

The significant association between ICAM-1 and US10SSc score are illustrated in 

Figure 18. Practically, this result means that a higher number of affected joints are 

observed in SSc patients with high levels of ICAM-1.  

p = 0.210 

 Box plots (medians)        Means and 95% Confidence intervals 

HS HS 
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Figure 18: Significant correlation between ICAM-1 and US10SSc score 

In order to illustrate the significant association between ICAM-1 and pulmonary 

fibrosis, we construct a ROC curve because the second quantity is presented on a binary 

scale (1 – present; 0 – absent). Figure 19 shows that there is a high degree of agreement 

between ICAM-1 and the presence of pulmonary fibrosis with an area under the curve 

AUC = 0.922, p < 0.001. The values of ICAM-1 > 100.15 ng/ml are associated with a 

sensitivity of 91.67% and specificity 76%. The values of ICAM-1 > 126 ng/ml 

demonstrate a sensitivity of 92% and specificity 84%. This category includes mostly 

patients with lcSSc, who have shown a mean value of ICAM-1 126.42ng/ml ±77.10.  
 

 

Figure 19: ROC curve between ICAM-1 and presence of pulmonary fibrosis 

rs = 0.895, p < 0.001 

Significant correlation of ICAM-1 with US10SSc score 
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Prognostic role of ICAM-1  

In the previous section, we have reported high correlation between ICAM-1 and 

joint involvement, measured through US10SSc score. This result prompted the 

performance of linear regression analysis in order to determine the role of ICAM-1 in 

predicting joint involvement. The regression model for predicting US10SSc score based 

on ICAM-1 shows high statistical significance (p = 0.001). Using the coefficient of 

determination (R-square = 57.2%), it can be concluded that 57.2% of the change in the 

values of US10SSc score can be accounted for based on the values of ICAM-1. The 

adjusted coefficient of determination (R-square adj. = 54%) indicates that in samples 

other than the present one, the relationship between the two variables reaches 54%. The 

constant (1.53) and the B-coefficient (0.045) are statistically significant (p < 0.001) and 

based on this, we have worked out the following prognostic equation: US10SSc score = 

1.53 + 0.045 (ICAM-1). For example, if ICAM-1 = 140, US10SSc score = 1.53 + 0.045 

(140) = 7.83. Or for ICAM-1 = 140, it can be predicted that US10SSc score = 8.  

Table 8: Results from the linear regression analysis of the prognostic role of ICAM-1.  

Prognostic  

Quantity ICAM-1 
R-square R-square 

(adj) 
Constant 

   value p 
B coefficient 

   value p 

US10SSc score 57.2% 54% 1.53 0.04* 0.045 0.001** 

** Statistical significance for p ≤0.01; *Statistical significance for p <0.05 
 

Figure 20 provides a graphic illustration of the prognostic role of ICAM-1 for the 

degree of joint involvement (US10SSc score). The area of overlap between the two 

quantities corresponds to the adjusted coefficient (R-square adj.). 
 

 

Figure 20: ICAM-1 as a significant predictor of US10SSc score 

Prognostic role of ICAM-1 for the degree of joint involvement (US10SSc score) 

US 10 SSc score = 1.53 + 0.045 (ICAM-1) 
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1.5. Results from the analysis of CXCL4 

For patients with SSc, it has been found that there is a higher level of CXCL4 

(1154 pg/ml, median 1191.96) compared to healthy controls (893.43 pg/ml, median 

1095.77), p < 0.001. 

Figure 21 provides graphical illustration of the difference between SSc patients and 

healthy controls in the distribution, the median and the mean values of CXCL4.  

 

 

Figure 21: Distribution, median, mean value and 95% confidence interval of CXCL4 for 

the group of patients and that of the healthy controls.  

 

The comparison of each SSc patient group against healthy controls using the 

Kruskal-Wallis test showed the presence of statistically significant difference in the level 

of CXCL4, p < 0.001. This result justifies the performance of comparisons between 

groups in pairs using the Mann-Whitney U test.  

The comparisons in pairs demonstrated that each patient group has significantly 

higher level of CXCL4 than healthy controls, as follows: dcSSc →healthy controls, p < 

0.001; lcSSc →healthy controls, p < 0.001; OVERLAP →healthy controls, p < 0.001; 

VEDOSS→healthy controls, p = 0.022. In all groups, the statistical significance is high 

and only for patients with a VEDOSS diagnosis, the difference with healthy controls would 

not be valid if Bonferroni correction is applied. On the other hand, no significant difference 

in the level of CXCL4 (p > 0.05 for all comparisons) is found between the various groups.  

Figure 22 shows the similar values of CXCL4 in separate groups of patients with 

SSc. Each one on its own has a significantly higher level than healthy controls.  

p < 0.001 

 Box plots (medians)             Means and 95% Confidence intervals 

            HS  patients                   HS      patients 
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Figure 22: Distribution, median, mean value and 95% confidence interval of CXCL4 for 

the examined groups 

 

We have traced the connection between CXCL4 and the following parameters: 

PAH, LUS (number of B-lines), mRSS, skin thickness and digital ulcerations (DUs) 

(Table 9). Of all values studied by us, only DUs have shown a significant correlation with 

CXCL4, rs = 0.463, p < 0.001. No significant association is found between the other 

parameters and CXCL4 (p > 0.05). 

 

Table 9: Results from the correlation analysis of the relationship between CXCL4 and 

PAH, LUS, mRSS, skin thickness and DUs 

CXCL4 PAH LUS mRSS Skin thickness DUs 

Spearman's 

correlation coefficient 
 

0.074 
 

0.233 
 

0.206 
 

0.224 
 

0.463 

 

Significance (p) 
 

0.556 
 

0.620 
 

0.099 
 

0.073 
 

0.000** 

 

Number (N) 
 

72 
 

72 
 

72 
 

72 
 

72 

** Statistically significant correlation at p ≤0.01; *Statistically significant correlation at p <0.05 

 

p < 0.001 

p < 0.001 

p = 0.022 

p < 0.001 

 Box plots (medians)      Means and 95% Confidence intervals 

HS HS 
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We have used a ROC curve to present the significant correlation between CXCL4 

and DUs, the latter of which is measured on a binary scale (1 – present; 0 – absent). The 

area under the curve AUC = 0.870, p < 0.001, indicates strong association between the 

two variables. The optimal criterion value of CXCL4 > 1194 pg/ml (the highest mean 

value found in dcSSs patients) is associated with 100% sensitivity and 65% specificity.  

 

 

Figure 23: ROC curve between CXCL4 and DUs 

 

1.6. Results from the analysis of IL-12p40 

The results from the comparison of the level of IL-12p40 between the patient group 

and the healthy controls showed significantly higher levels of IL-12p40 (100.44 pg/ml, 

median 73.40) compared against healthy controls (57.83 pg/ml, median 48.54), p = 0.003.  

The graphic illustration of the difference in the level of IL-12p40 between the 

patient group and the healthy controls is presented in Figure 24.  

The results from the comparison of each patient group against healthy controls using 

the Kruskal-Wallis test has shown the presence of statistically significant difference in 

the level of IL-12p40 (p = 0.003). In order to specify the differences between groups and 

in particular those with statistical significance, we have made comparisons in pair using 

the Mann-Whitney U test.  
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Figure 24: Distribution, median, mean value and 95% confidence interval of IL-12p40 

for the group of patients and that of the healthy controls.  

 

The VEDOSS group has the highest observed level of IL-12p40 (138.59 pg/ml, 

median 110.09), followed by patients with dcSSc (107.34 pg/ml, median 68.27). In both 

groups, the level of IL-12p40 is significantly higher than that of healthy controls (50.83 

pg/ml, median 48.54), as follows: VEDOSS →healthy controls, p = 0.001; dcSSc 

→healthy controls, p = 0.004. In the other two groups lcSSc (81.78 pg/ml, median 55.06) 

and OVERLAP (82.69 pg/ml, median 65.33), the level of IL-12p40 does not differ 

significantly from that of healthy controls (50.83 pg/ml, median 48.54): lcSSc →healthy 

controls, p = 0.223; OVERLAP →healthy controls, p = 0.128. 

The level of IL-12p40 in the VEDOSS group is significantly higher than that of the 

patients with lcSSc (p = 0.046) and those with OVERLAP (p = 0.036). Both significant 

differences are valid at an error level α = 0.05, however not after the Bonferroni 

correction (α = 0.005). 

Figure 25 shows the trends described above. The higher level of IL12-p40 in the 

VEDOSS group is apparent, followed by the dcSSc group. In both groups, the level is 

significantly higher than that of healthy controls. 

 

Box plots (medians)              Means and 95% Confidence intervals 

 HS  patients                     HS         patients 
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Figure 25: Distribution, median, mean value and 95% confidence interval of IL-12p40 

for the studied groups  

We have studied the association of IL-12p40 with GUESS score, SEC and US10SSc 

score through Spearman correlation analysis. We have found significant correlations for all 

studied quantities. Between IL-12p40 and GUESS score a very high linear relationship can 

be noted (rs = 0.923, p < 0.001). The increase in the level of IL-12p40 is associated with higher 

values of GUESS score. The relationship between IL-12p40 and SEC is similar, where very 

high correlation is found (rs = 0.842, p < 0.001). There is a significant linear dependency 

between IL-12p40 and US10SSc score of moderate degree (rs = 0.404, p = 0.001).  

The significant correlations of IL-12p40 with GUESS score, SEC and US10SSc 

score are illustrated in Figure 26. 

 

Figure 26: Significant correlations of IL-12p40 with GUESS score, SEC and US10SSc score 

 Box plots (medians)   Means and 95% Confidence intervals 

HS HS 

Significant correlations of IL-12p40 with GUESS score, SEC and US10SSc score 
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Prognostic role of IL-12p40 

In the previous section, we found a significant correlation between IL-12p40, 

GUESS score, SEC and US10SSc score. In this section we provide additional information 

about the role of IL-12p40 as a predictor of GUESS score, SEC and US10SSc score. The 

linear regression analysis with regard to IL-12p40 as a predictor of GUESS score showed 

high statistical significance (p = 0.001). The coefficient of determination R-square = 

70.9%, which means that 71% of the values of GUESS score can be predicted by the 

level of IL-12p40. The adjusted coefficient of determination (R-square adj. = 70.4%) 

provides justification to summarize the prognosis from other SSc patient samples. The 

constant (1.85) and the B-coefficient (0.039) are statistically significant (p < 0.001) and 

based on this, we have worked out the following prognostic equation: GUESS score = 

1.85 + 0.039 (IL-12p40). For example, at a level of IL-12p40 = 126, we can predict 

GUESS score = 1.85 + 0.039 (126) = 7. 

Very similar results are obtained for the predictive role of IL-12p40 with regard to 

SEC involvement. Judging by the coefficient of determination (R-square), 71% of the 

values of SEC can be predicted by the level of IL-12p40. This percentage is maintained 

for samples, other than the current one (R-square adj. = 70.4%). The constant (0.945) and 

the B-coefficient (0.021) are statistically significant (p < 0.001), and the prognostic 

equation is as follows: SEC = 0.945 + 0.021 (IL-12p40). If IL-12p40 = 126, we can 

predict SEC = 0.945 + 0.021 (126) = 4. 

With regard to US10SSc score, we have found low prognostic capability for IL-

12p40, with coefficient of determination R-square = 16.3% and adjusted coefficient of 

determination R-square (adj.) = 14.9%. The low predictive capability makes it 

inappropriate to include a prognostic equation.  

 

Table 10: Results from the linear regression analysis of the prognostic role of IL-12p40  

Prognostic  

quantity IL-12p40 
R-square R-square 

(adj) 
Constant 

     value          p 
B coefficient 

    value          p 

GUESS score 70.9% 70.4% 1.85 0.000** 0.039 0.000** 

SEC 70.8% 70.4% 0.945 0.000** 0.021 0.000** 

US10SSc score 16.3% 14.9% 4.052 0.000** 0.026 0.001** 

** Statistical significance for p ≤0.01; *Statistical significance for p <0.05 

 

 

Figure 27 provides a graphic illustration of the prognostic role of IL-12p40 with 

regard to GUESS score and SEC. The area of overlap between the respective quantities 

corresponds to the adjusted coefficient (R-square adj.). 
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Figure 27: IL-12p40 as a significant predictor of GUESS score and SEC  

 

1.7. Results from the analysis of IL-17A 

The results from the analysis of IL-17A show that serum levels in the patient group 

do not differ from those of healthy controls. 

 

1.8. Results from the analysis of TNF-α 

For patients group we found that there is a higher level of TNF-α (31.66 pg/ml, 

median 25.27) compared to healthy controls (15.96 pg/ml, median 12.37), p = 0.003.  

The distribution, median, mean value and the 95% confidence interval for both 

study groups are illustrated in Figure 28.  

The comparative analysis of the level of TNF-α in each group of patients and 

healthy controls performed using the Kruskal-Wallis test shows statistical significance, p 

< 0.001. This result justifies the performance of multiple comparisons in pairs to specify 

the differences between groups with respect to the level of TNF-α.  

The results from the comparison analysis in pairs demonstrated significantly higher 

level of TNF-α in each patient group than that of healthy controls, as follows: dcSSc 

(33.79 pg/ml, median 27.29) →healthy controls, p < 0.001; lcSSc (30.66 pg/ml, median 

23.75) →healthy controls, p = 0.001; OVERLAP (29.26 pg/ml, median 26.24)→healthy 

controls, p = 0.002; VEDOSS (28.64 pg/ml, median 25.62)→healthy controls, p = 0.004.  

For the patients, the highest value of TNF-α is reported in the dcSSc group, followed 

by the lcSSc, OVERLAP and VEDOSS groups, however the differences between the 

groups do not reach statistical significance (p > 0.05 for all comparisons). 

Figure 29 outlines the two main trends, already described above: 1) Significantly 

higher level of TNF-α for each patient group compared against that of healthy controls 

and 2) Similar level of TNF-α in patient groups. 

Prognostic role of IL-12p40 
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Figure 28: Distribution, median, mean value and 95% confidence interval of TNF-α for 

the group of patients and that of the healthy controls.  

 

 

Figure 29: Distribution, median, mean value and 95% confidence interval of TNF-α for 

the studied groups 

p < 0.001 

     p < 0.001; p = 0.001; p = 0.002; p = 0.004  

 Box plots (medians)              Means and 95% Confidence intervals 

 HS  patients                HS       patients 

 Box plots (medians)             Means and 95% Confidence intervals 
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We investigate the relationship between TNF-α, PAH and US10SSc score through 

Spearman correlation analysis (Table 11). Significant correlations are found for both 

quantities: TNF-α → PAH - rs = 0.255, p = 0.068; TNF-α →US10SSc score - rs = 0.199, 

p = 0.106. 

Table 11: Results from the correlation analysis of the relationship between and TNF-α 

with PAH and US10SSc score 

TNF-α PAH US10SSc score 

Correlation  

coefficient of Spearman 
0.225 0.199 

Significance (p) 0.068 0.106 

Number (N) 72 72 

 

 

 

2. Results from the substudy on 41 patients (25 with dcSSc and 16 

with lcSSc) and 13 healthy controls 

Table 12 presents the characteristics of the considered patient and control groups.  
 

Table 12: Demographic characteristics of the patient group and the healthy controls 

 Controls SSc patients dcSSc lcSSc p value 

N 13 41 25 16  

Women No. (%) 13 (100) 40 (97.6) 24 (96) 16 (100)  

Age (Mean±SD) 48.3±7.8 48.9±14.5 52.1±12.0 46±16.1 0.56 

 

In this additional study, we have performed the following analyses: 

 

2.1. Determining the levels of genetic expression of genes associated with 

the inflammatory response 

In order to determine the levels of genetic expression of genes associated with the 

inflammatory response (for YKL-40, TNF-α, IL-6, IL12p40, IL-17А) real-time 

polymerase chain reaction is performed (qRT-PCR). 

Our results found that there is no change observed in the levels of gene expression 

of the examined genes of patients with SSc compared to the control group.  
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2.2. Determining the expression levels of miRNAs (miR-24, miR-30c, 

miR-125a, miR-153, miR-214), participating in the regulation of the 

expression of YKL-40. 

To check whether YKL-40 may be regulated by miRNAs, we have used target 

algorithms (TargetScan, miRmap and microRNA.org), to find putative miRNAs, which 

may be linked to YKL-40 mRNA. In silico analysis of the 3'UTR section of YKL-40 has 

revealed several potential locations for miRNA binding (Fig. 30). Based on the results 

from the miRanda algorithm, we have found that miR-214 has a putative binding location 

at 3'UTR of YKL-40 (Fig. 31). This finding, together with the participation of miR-214 

in inflammatory reactions, were the reason to choose this for further analysis.  

 

 

Figure 30: Predictive miRNAs, targeting 3’UTR of CHI3L1. 

 

 

Figure 31: Alignment of miR-214 and the target location in 3'UTR of YKL-40. 

 

YKL-40 and miR-214 expression in WBC 

When measuring the transcription levels of both YKL-40 and miR-214 in white 

blood cells (WBCs) through quantitative real-time PCR, we have found slightly elevated 

levels of YKL-40 mRNA in the patient group with SSc (dcSSc and lcSSc) compared to 

the controls, which changes are not significant (Fig. 32 А). We have not found any change 

in the expression of miR-214. miR-214 is decreased in the dcSSc group but without 

statistical significance compared to the controls and lcSSc (Fig. 32 B).  
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Figure 32: Levels of expression of CHI3L1 mRNA (A) and miR-214 (B) in WBCs of SSc 

patients.  

 

miR-214 expression in plasma 

When assessing the expression of miR-214 in plasma of 30 patients with SSc and 9 

healthy individuals, we found that there is a significant reduction in the levels of miR-

214 in the entire group of SSc patients compared to the controls (p = 0.0058) (Fig. 33 А). 

Our analysis shows that miR-214 is negatively regulated/downregulated both in the 

dcSSc group (p = 0.008) and in the lcSSc (p = 0.0287) compared to healthy individuals 

(Fig. 33 B and C). Although statistical significance is not reached, lower levels of miR-

214 have been found in patients with dcSSc compared to those with lcSSc. 
 

                               
 

 

Figure 33: Levels of expression of miR-214 in plasma of SSc patients. (A) The entire 

patient sample with SSc and controls, (B) patients with dcSSc and healthy controls, 

(C) patients with lcSSc compared to healthy individuals.  

A B 

A B 

C 
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Correlation of CHI3L1 mRNA and the levels of the protein with iR-214 expression 

We have not found any significant relationship between the different variables. 

However, a trend has been observed with a negative relationship between protein levels 

of YKL-40 and miR-214. 

 

Serum YKL-40 and circulating miR-214 as biomarkers 

When assessing the diagnostic value of serum levels of YKL-40 and circulating 

miR-214, and their discriminatory power, we use a ROC curve and the AUC analyses. 

YKL-40 has good capacity for distinguishing patients with SSc (dcSSc and lcSSc) from 

healthy individuals (AUC 0.82; 0.83, and 0.76 respectively) and low predictive 

capabilities for differentiating patients with dcSSc from those with lcSSc (AUC 0,67). 

miR-214 has a similar ability to distinguish patients from controls (AUC 0.80; 0.82, and 

0,77 for SSc, dcSSc, and lcSSc), but it fails to differentiate patients with dcSSc from 

those with lcSSc. ROC graphs for YKL-40 (A) and miR-214 (B) are presented in Fig. 34.  

 

 
 

 

Figure 34: ROC curve for YKL-40 and miR-214. The levels of YKL-40 in the serum (A) 

and the circulating levels of miR-214 in plasma (B) have been assessed for their ability 

to distinguish patients with SSc, dcSSc and lcSSc from healthy individuals and those with 

dcSSc from patients with lcSSc.  

A 

B 
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No difference is found in the expression of the studied miRNAs. When performing 

the analysis, almost all miRNAs, which may participate in the regulation of the 

expression of the YKL-40 protein, have been tested. 

 

 

 

Summary of results  

The comparison of clinical data for patients showed the following trends: 

• Patients with dcSSc demonstrate significantly higher values of the following 

indicators: US10SSc score, LUS, mRSS, and skin thickness. 

• Patients with lcSSc demonstrate significantly higher value of PAH.  

• Patients with OVERLAP have the highest percentage of DUs. 

• Patient groups have similar findings with regard to GUESS score, SEC and pulmonary 

fibrosis.  

• Despite this, it needs to be noted, that the highest values of GUESS score and SEC are 

observed in patients with VEDOSS, and the highest percentage of pulmonary fibrosis 

is found in the OVERLAP group. 

The levels of IL-6, YKL-40, ICAM-1, CXCL4, IL-12p40, TNF-α indicate the 

following trends: 

• The common patient group is characterized by significantly higher levels of the above 

indicators compared to the group of clinically healthy controls. 

• The dcSSc patients group demonstrate significantly higher levels of IL-6 and YKL-40 

than the other groups. 

Despite the lack of significant difference, the following trends need to be noted: 

• ICAM-1 has the highest level in patients with lcSSc. 

• CXCL4 has the highest median value in patients with dcSSc and the highest median 

in patients of the OVERLAP group. 

• IL-12p40 demonstrates the highest value in patients with dcSSc. 

• TNF-α has very similar values in individual groups but the highest level is observed 

in the dcSSc group, followed by lcSSc. 

The significant correlations between the examined quantities include: 

• IL-6 → US10SSc score, LUS, mRSS, skin thickness 

• YKL-40 → LUS, US10SSc score, PAH 

• ICAM-1 → US10SSc score, pulmonary fibrosis 

• CXCL4 → DUs 

• IL-12p40 → GUESS score, SEC, US10SSc score 
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V.  DISCUSSION 

The current view is that SSc is a result of interaction of environmental factors (non-

genetic factors) on a genetically predisposed individual. Despite the progress in 

identifying genetic, epigenetic and environmental factors, the main mechanism of SSc 

remains unclear. Epigenetic gene modifications are influenced by genetic changes and 

exposure to environmental factors, and change both with age and among populations. 

Since epigenetics provides the regulatory mechanism connecting the genetic and non-

genetic factors with gene expression, understanding the role of epigenetic regulation in 

SSc will offer clarification as to how these factors interact in order to cause this disorder. 

The immune cells that are crucially involved in the early pathogenic events during the 

progression of fibrosis are under strict epigenetic control and they are susceptible to 

epigenetic dysregulation. New concepts consider also the role of ethnic, age and 

ecological effects on the epigenetic regulation with a focus on dysregulated immune 

system. That is why epidemiological studies from various regions demonstrate major 

differences in the prevalence of the disorder (ranging from 31 to 659 cases per million), 

strong predilection for sex (between 3 and 14 affected women per one man) and distinct 

ethnic differences. Interesting surveys on twin pairs and entire families, on the one hand, 

support a high genetic contribution for the development of autoimmunity in SSc, but on 

the other hand other authors don’t support this concept of Ssc etiology and suggest a 

significant role of epigenetic and ecological factors.  

As a result of its complex nature and heterogeneity, SSc remains one of the biggest 

challenges for both researchers and physicians. Over the recent years there have been 

intensive studied and remarkable progress towards a more detailed understanding of the 

numerous mechanisms involved in the pathogenesis of this disorder. This has opened 

new opportunities for the development of new biomarkers and potential treatments. One 

of the main challenges in SSс studies is the development of an effective tool for 

comprehensive measurement of diseases activity and treatment response. Unlike other 

autoimmune disorders, such as SLE and RA, in many SSс patients it's difficult to assess 

the persistant inflammation and tissue fibrosis which difficult to quantify, especially in 

the early stage of the disease. Despite intensive studying, so far only single biomarkers 

have been fully confirmed and widely accepted. 

This study investigates the capabilities of a set of 8 serum biomarkers – the 

expression levels of 5 miRNAs and three high-tech imaging biomarkers, for early 

identification of changes in SSc and assessment of their predictive ability. We also look 

at the potential regulation of a portion of the investigated serum biomarkers. 

1. Discussion of the results of the biomarkers, their correlation with the 

imaging biomarkers and connection with organ involvement. 

1.1. Comparative analysis of IL-6 serum levels 

IL-6 is a pleiotropic cytokinе associated with Th2 lymphocyte subset which has 

been actively studied in an attempt to figure out its role in the Ssc pathogenesis. IL-6 is a 
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multi-function cytokine which plays a crucial role in the acute-phase responses, regulates 

cell proliferation, activation and differentiation. Furthermore, IL-6 induces the 

production of collage through the dermal fibroblasts in the presence of trans-signaling 

from soluble IL-6 receptor and participates in unbalanced degradation of ECM which is 

controlled by MMP and their inhibitors. Blockade of IL-6 or genetic deletion of IL-6 

reduces fibrotic responses in animal models by fibrosis. A number of researchers have 

established elevated serum levels of IL-6 in patients with SSc. Scala et al. associated 

these elevated serum level with the onset of pulmonary fibrosis, and De Lauretis et al. – 

with drop in FVC and increased mortality. It is an established fact that IL-6 serum level 

is higher in patients with positive anti-Scl70 AT and anti-RNAP III but not in ACA-

positive SSc patients. Jurisic et al. have found that the serum IL-6 correlates with the 

disease activity, yet Codullo et al. have not confirmed such relation. In a genetic 

association study, IL-6 polymorphism in Ssс patients has been associated with disease 

activity and HAQ-DI, yet the circulating IL-6 has not been measured. In addition to 

disease activity, IL-6 serum level correlate with skin fibrosis. In SSс patients there is a 

close connection between inflammation and fibrosis – processes strengthened by the 

increase of both anti-inflammatory and profibrotic markers in the serum and the skin. 

Several studies have analyzed the importance of the various cytokines and chemokines 

for skin fibrosis in SSc. Sato et al. have also established increased serum levels of IL-6 

and IL-10 in SSc patients and have identified a high degree of correlation between IL-6 

and skin fibrosis assessed using mRSS and with multiple organ involvement. Codullo 

et al. have confirmed that patients with SSс express high serum levels of IL-6, yet, in 

contrast to the data obtained by Sato et al. have not identified clear associations with 

mRSS or other clinical parameters.  

Khan et al. have confirmed the role of IL-6 in trans-signaling for the induction of 

dermal sclerosis via direct activation of dermal fibroblasts. Furthermore, they have 

agreed that elevated serum levels of IL-6 can identify a subgroup of dcSSc cases with 

progressive skin involvement from the 3rd of disease onset and poorer survival. The 

authors have found that thethrombocytosis identifies a group of dcSSc patients with high 

serum IL-6. These results are consistent with similar previous studies of the role of 

thrombocyte activation in SSc regulation and thrombopoietin from IL-6 in reactive 

thrombocytosis. Moreover, baseline thrombocytosis is associated with high mRSS score 

in a large British cohort of early dcSSc. Immunohistochemistry analysis shows that IL-6 

is expressed differently in the affected tissue, and at the onset of dcSSc its expression is 

higher. These findings are in contrast with earlier reports suggesting higher IL-6 in the 

late stage of the disease, but this inconsistency may be explained with the small number 

of such patients studied.  

It has been suggested that the bioactivity of IL-6 is dependent upon trans-

signalization mediated through JAK/STAT pathway. Barnes et al. have established that 

in the presence of neutrophiles as a possible source of IL-6 receptor, Ssc serum induces 

activation and apoptosis of endothelial cells via a mechanism that is dependent on IL-6, 

thus supporting the idea of trans-signalization in SSc. The strengthened local IL-6 trans-

signaling response has been described in wound healing reaction. Similarly, the 

activation of the JAK/STAT pathway has been included in several experimental model 

of human fibrotic diseases. 
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When investigating DCs of a myeloid origin, a number of authors have established 

that patients with early lcSSc and dcSSc present with higher secretion of proinflammatory 

cytokines IL-6 and TNF-α of mDC upon stimulation with several TLR compared to the 

late-stage SSc or control subjects. 

IL-6 has also been investigated in BAL with elevated levels being described in 

several lung diseases. The prognostic value of the serum IL-6 has been assessed in a large 

group of SSc-ILD patients. The study analysis showed that the serum IL-6 is an 

independent predictor of DLCO decline in both IPF and SSc-ILD, and is also a predictor 

of mortality within the first 30 months (HR 2,69). Upon stratification based on ILD 

severity, the serum IL-6 has predicted a functional decline or death within the first year 

only in patients with a milder disease but not in those suffering from severe ILD. Based 

on this, IL-6 serum levels prove to be effective predictors of early progression of SSc-

ILD in patients with mild ILD.  

Pendergrass et al. have studied the levels of 89 cytokines in patients with lcSSc and 

healthy controls and PCR for the gene expression of 9 genes in these patients with lcSSc-

PAH. In the lcSSc-PAH group, they have established elevated cytokine serum levels of 

inflammatory mediators such as IL-6, TNF-α, ICAM-1 and IL-1β, as well as vascular 

damage markers such as VCAM-1, VEGF and von Willebrand Factor. The TNF-α and 

ICAM-1 studied by us have been subjected to analysis and discussion further in this 

chapter. Patients with lcSSc-PAH demonstrated elevated IL-6 which is a red flag of 

monocytes differentiating into macrophages in line with previous evidence that this 

cytokine is upregulated in patients with PAH and can induce PAH in transgenic mice. 

The authors have found that the levels of these cytokines are higher in patients with lcSSc 

with PAH compared to those without PAH which demonstrates their significance as 

biomarkers of lcSSc-PAH. The elevated expression of inflammatory cytokines in the 

serum of SSc-PAH patients suggests the possibility of these cytokines playing a role in 

the pathogenesis. Chaouat et al. have established that IL-6 increases in lcSSc-PAH 

patients and is being associated with PAH in the context of chronic obstructive pulmonary 

disease (COPD). A further argument in support of the possible role of IL-6 in SSc-

associated PAH is that IL-6 transgenic mice have developed PAH.   

Krasimirova et al. have also presented data of elevated IL-6 levels in Ssc, along 

with TGF-β1 (elevated in early stage), IL-10 and IL-17A. 

In a likewise fashion to the aforementioned authors, Abdel-Magied et al. have 

established elevated IL-6 levels in the serum of SSc patients and there is a significant 

correlation between them and the results of the HRCT score, DLCO, 6MWD and 

echocardiographic findings in the right cardiac chambers. This contributes to the 

evidence of a possible role of IL-6 in the development and disease activity of 

cardiopulmonary manifestations in SSc patients.  

Our results from the analysis of IL-6 showed a significantly higher concentration of 

IL-6 in patients with SSc compared to that in the healthy controls. This supports the major 

portion of the data obtained from literature. We have traced the levels of interleukin IL-

6 in the various subgroups of patients with SSc (dcSSc, lcSSc, VEDOSS), OVERLAP 

and the healthy controls group. In the group of patients with dcSSc, we established a 

significantly higher concentration of interleukin IL-6 compared to all other groups, 
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similarly to the results obtained by Khan et al. Upon investigating the connection between 

IL-6 and elevated pressure in the pulmonary artery, we found no correlation between the 

two values, unlike Pendergrass and Chaouat, but we did find such between IL-6 and ILD, 

established using LUS, similar to the results reported by Bonella and Abdel-Magied. We 

also associate the high serum levels of IL-6 with joint involvement in Ssc patients which 

has been assessed using US10SSc score.   

The involvement of the joints is common in systemic connective tissue diseases, 

including in SSc. So far there have been no published data on studies investigating the 

connection between IL-6 serum levels and joint involvement assessed in HFUS in Ssc 

patients. Our previous research found a considerable joint, periarticular and tendon 

involvement in these patients that is of significantly higher percentage, as assessed 

ultrasonographically, compared to the physical method, and this paper proves the 

correlation between serum and imaging biomarkers for this organ involvement. A similar 

research analyzing the cytokine profile in patients with erosive, non-erosive arthritis and 

arthralgias without US indications of arthritis compared to physical and US examination of 

the joints was conducted by Ball at al., but in patients with SLE. They have compared the 

data obtained with a control group of patients with RA and found that the IL-6 serum levels 

are the best predictor of US score for disease activity which provides a conclusive evidence 

that IL-6 is involved in the pathogenesis of the joint involvement in this disease entity.  

US is a proven method for discovering clinically significant synovitis, quantification 

of disease activity in clinical trials and determination of remission in rheumatoid arthritis. 

The „transferring“ of these major terms over to the joint involvement in SSc has great 

potential, especially when trying to assess arthritis as a separate manifestation of activity 

of the systemic inflammatory process. The practical use of this study is that the IL-6 level 

correlate with both the clinical and US scores of the joint involvement activity. In our study, 

the IL-6 levels are closely related to the US score for synovial proliferation and Doppler 

activity. This provides strong evidence that IL-6 is involved in the pathogenesis of joint 

and periarticular involvement in SSc. Despite the CPR levels in inflammatory conditions 

being consistent with the disease activity, there is a wide agreement that patients with SSc 

have normal or insignificantly lowered levels of CRP in the serum, irrespective of the 

systemic disease activity. Nevertheless, there is still an ongoing discussion about the 

importance of CRP in SSc patients, it being one of the domains in the 10-point EUSTAR 

SSc activity index of highest weight together with TFRs. There have been researches in the 

past looking into the positive correlation between the IL-6 levels and early inflammatory 

arthritis as well as into the connection between IL-6 and pulmonary involvement in SSc 

patents, but the present study is a pioneer in investigating and establishing connection 

between the serum levels of IL-6 and US evidence of both joint and periarticular 

involvement assessed using Doppler modality.  

We also reckon that the elevated serum levels of IL-6 are associated with the 

increased skin thickness which we have assessed sonographically and using mRSS. 

Similar data, but validated only using the subjective mRSS, have been publicized by Sato 

et al. Our contribution is that we have ensured an objective skin thickness measurement 

using reliable imaging biomarker.  
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When analyzing the prognostic role of IL-6 in terms of organ involvement, we have 

established that pulmonary involvement (assessed using LUS), joint and periarticular 

involvement (US10SSc score), skin thickness (HFUS and mRSS) can be predicted based 

on the IL-6 serum levels.  

1.2. Comparative analysis of YKL-40 serum levels 

In 2000 Takahashi et al. found that YKL-40, a chitinase-like protein produced by 

macrophages and acting as a growth factor for connective tissue cells, was elevated in 

serums of patients suffering from diseases characterized by inflammation, tissue 

remodeling and fibrosis. Shao et al. have published data which prove that YKL-40 induces 

multiple signaling pathways in endothelial cells, pericytes and glioblastoma. YKL-40 is 

involved in a specific way in the cell migration and angiogenesis of endothelial cells as 

well as into the cell adhesion required for vascular permeability and pericyte stability. In 

addition, Hassoun et al. report of elevated circulating angiogenesis regulators in patients 

with SSc, including vascular endothelial growth factor (VEGF). It is likely that they are 

involved in the development of SSc-associated vascular lesions. Francescone et al. report 

that YKL-40 can stimulate the expression of VEGF which has a synergy effect on 

angiogenesis and constitutes an independent angiogenic factor in gliobslastoma.  

Elevated serum levels of YKL-40 have been found among patients with various 

diseases. For some of them reports point to correlations with age, arthritis and 

inflammatory markers as well as CRP. Other assess the correlation between serum levels 

of YKL-40 and aging and identify formulas for adjusting the age effects on the YKL-40 

serum levels. Our previous researches have also established elevated serum levels of 

YKL-40 in patients with SSc. Changes in YKL-40 level were sought due to duration of 

disease, sex, clinical and serological subsets of SSc, mRSS, drug abuse. The discovered 

higher levels of YKL-40 in early SSc provide a basis for the suggestion that elevated 

YKL-40 can be a valuable marker for early SSc diagnosis.  

YKL-40 is actively involved in the inflammatory and tissue remodeling processes 

and has a role in pathological conditions leading to organ fibrosis. The precise role of 

YKL-40 in the pathogenesis of pulmonary fibrosis in SSc has not yet been fully 

understood but, as a fibroblast growth factor, YKL-40 has been intensively studied in this 

organ involvement. In 2005 La Montagna and Nordenbæk reported that the serum levels 

of YKL-40 increased in patients with SSc and these levels are in correlation with the age 

and T-cell activation, joint involvement and pulmonary fibrosis complications. 

Nordenbaek et al. have demonstrated increased serum YKL-40 in 27% of the patients 

with SSc, similarly to other reports and, what is more, SSc patients with high levels of 

YKL-40 have different signs of pulmonary involvement, reduced vital and diffusing 

capacity of the lungs, reduced DLCO and has an adverse effect on the survival prospects 

of such patients. They have observed the expression of YKL-40 in macrophages and 

neutrophils in inflammation sites using immunohistochemistry (IHC) from lung biopsy 

tissues obtained from patients with pulmonary fibrosis and found pathological cell 

changes. Interstitial fibrosis, vascular lesions, including fibrotic thickening of the intima, 

media hypertrophy and perivascular fibrosis can lead to a restrictive pattern of the 

pulmonary function and/or diffusing capacity impairment. High serum YKL-40 is 
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associated with reduced DLCO, probably caused by interstitial and perivascular fibrosis. 

Authors have shown that SSc patients with elevated serum YKL-40 have lower survival 

rate than patients with normal serum YKL-40 and die more frequently due to extensive 

interstitial or vascular fibrotic processes (such as pulmonary fibrosis, SRC). Authors 

didn't report of differences in the YKL-40 levels associated with other factors such as 

sex, clinical subsets of SSc or drug abuse. In line with the findings of Nordenbæk et al., 

Кorthagen et al. proved that YKL-40 levels in the serum and BALF are survival 

predictors in IPF. The presence of single genetic polymorphisms (SNPs) in gene 

encoding YKL-40 (CHI3L1-329 and -321) is associated with the serum levels of that 

marker. The discovered higher levels of YKL-40 in already developed fibrotic lung 

changes in SSc provide a basis for the suggestion that elevated YKL-40 can be a valuable 

marker for that organ complication in SSc. 

Consolidating all the available literature data, Вonella et al. review the major 

biomarkers for interstitial lung involvement in connective tissue diseases (CTD-ILD) and 

in particular SSc in serum and BALF in terms of their diagnostic and prognostic value. 

ILD is more frequent in SSc than in other CTD. Evidence of X-ray findings of ILD is 

present in up to two thirds of SSc patients. The most frequent histological pattern is 

fibrotic nonspecific interstitial pneumonia followed by the usual pattern of interstitial 

pneumonia. They derive some promising biomarkers for lung involvement - KL-6 (Krebs 

von den Lungen), SP-D (surfactant protein-D), SP-A (surfactant protein-A), YKL-40 or 

cytokines such as CCL18. 

The role of YKL-40 in other fibrotic conditions is being studied. YKL-40 is one of 

the genes expressed in the liver tissue of patients with cirrhosis following hepatitis С and 

the serum YKL-40 is elevated in the majority of patients with moderate to severe liver 

fibrosis and cirrhosis. It is associated with poorer survival of patients with alcohol-related 

liver disease compared to the patients with normal serum YKL-40. 

In search of predictors of SSc-PAH, Allanore et al. have evaluated the sensitivity 

and specificity of the NT-proBNP level for the diagnosis of this organ involvement at 

67% and 83%, respectively. Wang et al. have recorded sensitivity and specificity of 

EchoCG for diagnosing PAH of 89,4% and 84,2%, respectively. Focusing on the relation 

between SSc-PAH and YKL-40, Furukawa et al. have found elevated serum levels of 

YKL-40 in Japanese population with SSc and discovered strong correlation between 

these elevated levels and PAH in patients with SSc, irrespective of whether or not ILD is 

present. It should be noted that 43 of a total of 50 patients had lcSSc. On this basis, the 

YKL-40 levels along with the existing PAH may reflect the angiogenesis on a 

microcirculatory level that is the result of capillary damage in SSc. They have concluded 

that the serum levels of YKL-40 may be predictors of PAH. The level of YKL-40 

therefore constitutes a valuable biomarker to screen PAH in SSc compared to the 

previously suggested indices, it is reliable and can be measured easily. 

In order to characterize on a molecular level the non-fibrotic and early SSc (EaSSc) 

based on a large panel of 16 serum biomarker of inflammation and tissue damage and to 

expand the knowledge of the pathobiochemical mechanisms that lie in the foundation of 

SSc progression prior to the onset of fibrosis, Cossu et al. studied 21 patients with EaSSc, 

15 with non-fibrotic SSc and 11 healthy controls. They have established significantly 
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higher levels of CXCL10, CXCL11, TNFRII and YKL-40 in patients with EaSSc and 

those with non-fibrotic stage compared to the healthy controls. This suggests that YKL-

40 can be a useful biomarker both for late fibrotic processes and during the early stage of 

the disease.   

A role of YKL-40 as a marker of progressive joint damage in rheumatoid arthritis 

(RA) has been a subject of discussion. There has been evidence of higher synovial and 

serum concentration of YKL-40 in patients with active RA, psoriatic arthritis, activated 

osteoarthrosis (ОА) and gout compared to the controls. What is more - a positive 

correlation has been discovered between YKL-40 and HFUS. YKL-40 has been 

suggested as a surrogate marker when diagnosing ans assessing inflammatory and 

activated degenerative joint diseases.  

The first to publish the existence of connection between YKL-40 and joint 

involvement in SSc patients were La Montagna et al. They have found elevated serum 

levels of that biomarker in approximately 30% of the patients with SSc and specifically 

in those with joint involvement. They suggested involvement of the synovial fluid and/or 

cartilage despite the absence of clinically identifiable arthritis. There are previously 

published data on the overall involvement of the musculoskeletal system in SSc, 

histological indications of synovitis have been found in more than 66% of the synovial 

biopsy in SSc patients, yet no connection has been sought with serum levels of 

biomarkers and YKL-40 in particular. A suggestion can be made that an increase in YKL-

40 in the serum of SSc patients follows the activation of chondrocytes, synoviocytes and 

macrophages as in active RA or OA. In line with the discoveries of other researchers in 

OA and in neoplasms authors find differences between sexes while establishing 

significant, although weak, connection with age. This suggests that the increase in YKL-

40 is most likely due to the influence of other factors such as changes in the course of 

diseases itself. Unlike ОА and RA where a positive correlation has been established been 

the commonly accepted marker of inflammatory activity CRP and YKL-40, in SSc La 

Montagna et al. have found no such correlation. The authors suggest that CRP and YKL-

40 reflect different aspects of the joint disease.  

In our previous studies we have proven the existence of a positive correlation 

between elevated serum levels of YKL-40 and the degree of joint involvement in other 

rheumatic diseases (RA, gout, ОА) and that is why we concluded that YKL-40 can be a 

marker in SSc as well, but objectively assessed with the actual joint changes using HFUS. 

And indeed, our studies confirm that the serum levels of YKL-40 do correlate with the 

imaging biomarker HFUS of joint and tendon involvement in SSc. Our results showed a 

significantly higher level of YKL-40 in the SSc cases (dcSSc, lcSSc, VEDOSS), 

OVERLAP, with the level of YKL-40 in dcSSc patients being significantly higher than 

in all other groups, followed by the lcSSc group. These data are in contrast with previous 

international studies which found no significant differences in the serum levels of YKL-

40 among patients from various clinic subgroups nor among patients stratified based on 

organ involvement. However they, too, report higher serum values of YKL-40 in patients 

with arthralgia / arthritis. Similarly to the results obtained by Fokugawa et al., we, too, 

found a connection between the levels of YKL-40 and increase in the pressure in the 
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pulmonary artery (from low value) and the interstitial involvement of the lungs (high 

levels of correlation) assessed using LUS.  

Based on published data, YKL-40 serum levels are elevated both in the early 

(prefibortic) and late stages of the disease when there is a fibrotic process present - 

vascular and interstitial. Based on our data, we found a significant connection between 

the two values YKL-40 and fibrosis. We reckon that the levels of YKL-40 correlate 

closely with organ involvement, namely, with joints and tendons, ILD, elevated pressure 

in the pulmonary artery. Furthermore, contrary to expectations, no higher serum levels in 

the VEDOSS group have been established which is probably due to the small number of 

patients in this study group.  

When analyzing the prognostic role of YKL-40 with respect to the values which 

showed significant linear connection with YKL-40 (elevated pressure in the pulmonary 

artery, LUS and US10SSc score), we found that YKL-40 has a low value in terms of 

predicting elevated pressure in the pulmonary artery. In our opinion, the prognostic role 

of YKL-40 with respect to ILD is significant, however it is the best predictor when it 

comes to joint involvement.  

1.3. Comparative analysis of TGF- β1 serum levels 

Considering the pivotal role TGF-β1 has in the pathogenesis of SSc and especially 

in the fibrotic processes, TGF-β1 is expected to be an ideal biomarker in SSc. Dantas et 

al. have established that the levels of TGF-β1 are higher in the serum of SSc patients 

compared to healthy controls. Moreover, TGF-β1 levels are even further elevated in 

patients with dcSSc and pulmonary fibrosis. TGF-β1 exists in a non-active latent complex 

and in active form. It is known that the in the damage sites the active TGF-β1 is released 

by the latent TGF-β1 complex and that is why TGF-β1 measurement as a biomarker must 

take into account its two different forms (latent of active). In this context, while the levels 

of the total TGF-β1 don't show any or just a slight elevation in SSc patients, results for 

the active TGF-β1 are inconsistent and varying (with wide variations) compared to 

healthy controls. Furthermore, two studies have surprisingly shown that the serum levels 

of the active TGF-β1 are lower in dcSSc patients than in patients with lcSSc and healthy 

controls. The existence of a negative correlation in the levels of the active TGF-β1 in the 

serum has been established using mRSS. In this context, in the pathologically changed 

skin the coupling of TGF-β1 with TGF-β receptors can be increased resulting in a 

decrease in the circulating levels in the serum.  

We, similarly to Dziadzio et al. and Antiga et al., have established a slightly higher 

mean value and median in the healthy controls compared to the SSc patient group but 

without statistically significant difference. The lack of such difference prevented us from 

determining a significant trend with respect to the level of TGF-β1 in patients with SSc. 

We investigated the levels of TGF-β1 in the separate subgroups including patients with 

dcSSc, lcSSc, VEDOSS and OVERLAP and we established variations in the mean and 

median values for TGF-β1 in the separate groups, but these differences were of no 

significance. We also analyzed the potential connection of TGF-β1 with elevated pressure 

in the pulmonary artery, LUS (number of B lines), US10SSc score, skin thickness and 

mRSS, and the results showed no significant linear association between TGF-β1 and 
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these values. ased the above data obtained by us, we reckon that TGF-β1 didn't give us a 

reason to adopt it as a reliable serum biomarker but may be in active fibrotic processes it 

is more suitable that TGF-β1 be sought on a tissue level. Another possible explanation 

for our results is the well-known critical role of Tregs in supporting the immunological 

self-tolerance and the prevention of autoimmunity. It is considered that Tregs is 

significantly elevated in all clinical SSc phenotypes but those Tregs indicate a reduced 

capacity for control over CD4 effector T-cells. What is more, this defective function 

correlates with a lower expression of TGF-β.  

1.4. Comparative analysis of ICAM-1 serum levels 

Patients with SSc have been found to have an increased circulatory ICAM-1 with 

the levels being especially elevated in dcSSc cases compared to lcSSc and healthy 

controls, in fast progressing diseases or DUs, associated with presence of contractures of 

the phalanges, pulmonary fibrosis, joint involvement and increased ESR. This shows that 

ICAM-1 may reflect the severity of this disease and may carry potential value as a marker 

of clinical progression or remission in SSc.  

As already noted in the discussion of IL-6, Pendergrass et al. have studied the levels 

of 89 cytokines in patients with lcSSc and healthy controls and PCR for the gene 

expression of 9 genes in these patients with lcSSc-PAH. In the lcSSc-PAH group, they 

have established elevated cytokine serum levels of ICAM-1 and TNF-1β as well as 

inflammatory mediators. The cytokines ICAM-1 and VCAM-1 increase in lcSSc-PAH 

along with an increase in the expression of the ICAM-1 gene. These cytokines are 

induced through IL-1β and TNF-α (both have been found to be elevated in lcSSc-PAH 

patients) and initiate coupling of monocytes with endothelium. Duan et al., similarly to 

the authors mentioned, have found elevated levels of these cytokines, as well as of 

TIMP1, vWF in patients with lcSSc compared to healthy controls. They found that their 

serum levels are higher in patients with lcSSc with PAH compared to those without PAH 

which demonstrates the significance of ICAM-1 as a biomarker of lcSSc-PAH.  

We obtained similar results with respect to ICAM-1 concentration proving that in 

the cases group the level of ICAM-1 was significantly higher than in the group of healthy 

controls. The results of the intragroup comparison of the ICAM-1 level for the individual 

patient groups indicate that the level of ICAM-1 (mean values and median) is different 

in the individual groups without reaching statistical significance! We, too, similarly to 

Pendergrass and Duan, found the highest level of ICAM-1 in lcSSc patients followed by 

dcSSc patients; VEDOSS; OVERLAP and healthy control, with the latter showing the 

lowest level of ICAM-1. Unlike the said authors, we found no connection between 

ICAM-1 and elevated pressure in the pulmonary artery. No significant association 

between ICAM-1 and elevated pressure in pulmonary artery was found - results that differ 

from expectations. Considering the perceived role of ICAM-1 in vasculopathy, its 

elevated levels found in PAH patients, we, too, have expected association with increased 

pressure in the pulmonary artery. The differing results could be explained on the one hand 

with the small number of patients with elevated pressure in the pulmonary artery present 

in our sample.  

The results of the analysis of the prognostic role of ICAM-1 snow a significant 

linear connection with the degree of joint involvement (US10SSc score) which gave us a 
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reason to consider this biomarker as a predictor of disease progression. The basis for this 

is the already proven connection between the early joint involvement and disease activity, 

its aggressive course, swift evolution and overall poor prognosis. 

1.5. Comparative analysis of CXCL4 plasma levels 

CXCL4, secreted from thrombocytes following their activation upon endothelium 

dysfunction and microvascular damage, mediates procoagulating functions and acts as a 

local profibrotic factor. Considered a proinflammatory chemokine, in addition to its 

chemoattractant activity, it regulates a number of immune cells, including T-cells, 

monocytes, DCs as well as non-immune cells such as endothelial cells. Based on this, 

Van Bon et al. employ a proteomic approach and identify CXCL4 as a potential 

biomarker associated with multi-organ involvement in SSc. They have established that 

CXCL4 circulatory levels are in stronger correlation with the degree of skin and 

pulmonary fibrosis in the dcSSс subgroup than in lcSSc and in particular in early dcSSc. 

In their prospective cohort study, they have established that the increased CXCL4 in the 

serum in SSc constitutes a prognostic marker for the progression of skin and pulmonary 

fibrosis, and PAH. Although PAH is more common in lcSSc compared to dcSSc (9.2 

versus 5.9% according to the EULAR register, it can be observed in all forms of SSc. In 

a genetic study, Rajkumar et al., while conducting transcriptome analysis of lung 

biopsies, established that CXCL4 is one of the most prominently and differentially 

expressed gene in patients with SSc PAH and idiopathic PAH compared to the healthy 

controls. Zabini et al. shave suggested that, since CXCL4 exercises angiostatic properties 

over the lung arterial endothelial cells, it can be involved in the pathology of PAH in SSc. 

Higher serum levels of CXCL4 were also reported by Macko and Kowal-Bielecka in 

patients with SSc, and concentrations in BAL were higher in patients with confirmed 

ILD. Volkman et al. also established that baseline serum CXCL4 levels were significantly 

higher in SSc patients with ILD compared with healthy controls, however they didn't 

identify significant correlations between these levels and the extent of ILD at baseline. It 

is a well-known fact that SSc-ILD and SSc-PAH are a major cause of disease-related 

mortality, and CXCL4 is a chemokine that has been shown to be increased in SSc patients 

and to correlate with the onset of pulmonary fibrosis and PAH. In 2017 Valentini et al. 

found CXCL4 to be higher also in patients with undifferentiated connective tissue disease 

with features of SSc, but not yet meeting its classification criteria. The accumulation of 

evidence suggests that CXCL4 has a role in other chronic fibroproliferative and 

inflammatory conditions. It has been shown that CXCL4 is an important mediator in 

atherosclerosis both in vivo and in vitro and that increased CXCL4 levels are associated 

with progressing liver fibrosis. Interestingly, although CXCL4 causes skin inflammation 

in vivo in mice, no fibrosis has been observed. Although CXCL4 is able to sensitize 

various cells to inflammatory stimuli which may end in fibrosis, the sole presence of 

CXCL4 is not sufficient. This hypothesis is supported by scientific who found the levels 

of CXCL4 to be increased in patients with Raynaud’s phenomenon, with most of them 

not showing progression to SSc.  

Our results are similar to those obtained by Macko and Kowal-Bielecka in the cases 

group compared to healthy controls. So far there has been plenty of data supporting the 
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elevated levels of CXCL4 and other inflammatory markers in patients with SSc. Our 

intergroup analysis showed that the highest mean value of CXCL4 was in dcSSc and its 

highest median value was established in patients of the OVERLAP group. These findings 

confirm the suggestion that CXCL4 is elevated and correlates not so much with the 

specific clinical subtype but rather where vascular prevails, irrespective of the underlying 

clinical entity and subtype! This statement explains the results obtained by Valentini of 

high serum levels of CXCL4 in patients with undifferentiated connective tissue disease 

with features of SSc. Of all values studied by us, only DUs have shown a significant 

correlation with CXCL4 which confirms the above hypothesis that CXCL4 is probably 

associated with vasculopathy on a microcirculatory level. That is why identification of 

CXCL4 can be useful for the early diagnosis, risk assessment and determination of 

patients requiring aggressive treatment. 

1.6. Comparative analysis of IL-12p40 serum levels 

TYK2 is known to mediate IL12 family cytokine activity and a multicenter study 

has shown that allele variant involved in RA development risk has been associated to a 

significant extent with a risk of SSc, reinforcing the hypothesis that IL12 family cytokine 

is involved in SSc pathogenesis. Activation of myeloid DCs (mDCs) causes secretion of 

IL-12 and other cytokines (including TNF-α and TGF-β) along with expression of Т-cell 

costimulatory molecules. Based on the type of secreted cytokines and the expression of 

surface molecules, DCs can drive the T-cells towards various polarized subgroups (i.e., 

Th1/Th2, Th17). Interestingly, both the resultant monocytes and the mDC isolated from 

SSc patients with early lcSSc and dcSSc have demonstrated higher secretion of 

proinflammatory cytokines (IL-6 and TNF-α) upon stimulation with several TLR 

compared to the late SSc or control subjects. Conversely, TLR4 stimulation of DCs from 

patients with early SSc has induced reduced IL-12 and increased IL-10 secretion 

compared to healthy individual which is consistent with Th2-modified proinflammatory 

function. Such activation can occur in vivo and lead to further secretion of cytokines 

relevant to the fibrotic process observed in SSc. High level of IL-23 along with IL-6 in 

SSc sera support the involvement of Th17 cells in SSc pathogenesis which promote 

differentiation and propagation of Th17. What is more, the levels of IL-17A and IL-23 

are increased in SSc and are associated with the existence of ILD. In 2017 Rolla et al. 

while seeking to find the possible prognostic significance of serum biomarkers for the 

long-term development of ILD and survival in patients in early stage of SSc, analyzed 

the levels of various cytokines. They discovered a significant degree of association 

between the serum levels of IL-23, TNF-α and ILD evaluation using HRCT-score. 

Our data are consistent with the results presented by Lopez-Isak, Radstak, Komura. 

We have established higher levels of IL-12p40 in the patient cohort compared to the 

healthy controls. However, unlike the literature data which point to a correlation between 

the serum levels of IL-12p40 and ILD, as established by Furugawa, Komura, Kurasawa, 

our comparison between the various patient groups showed that the VEDOSS group had 

the highest level of IL-12p40 which explains the absence of correlation with ILD. In 

terms of the prognostic role of IL-12p40, we found that this biomarker had a high 

predictive value for the GUESS score and SEC, and low predictive value for the US10SSc 
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score. These findings suggest association between high serum levels of IL-12p40 

entheseal involvement in SSc. 

1.7. Comparative analysis of IL-17А serum levels 

IL-17A is an inflammatory cytokine, produced mainly by Th17 cells, participating 

in the defense against extracellular bacteria and fungi, as well as in self-immunity. In 

literature, there are contradictions about IL-17A with some reports informing about 

increased levels of IL-17A and/or Th17 cells in peripheral blood, BAL and skin in SSc, 

while other scientists provide evidence for decreased serum levels. Krasimirova et. al. 

find increased activity of Th17 lyphocites in peripheral blood of patients with SSc and 

assume the role of these cells as a factor in the pathogenesis of the disease. Kurasawa and 

Komura associate these increased levels of IL-17A in SSc with the availability of ILD. 

Truchetet et. al. also find that circulating T-cells, which produce IL-22 and IL-17, are 

elevated in patients with SSc-ILD compared to those without ILD. In another research 

study, the authors find that these increased serum levels of IL-17А are correlated with 

the degree of skin involvement. In 2008 Murata et. al., independently of the the previous 

researchers, find in addition to increased levels of IL-17 in serum of SSc patients 

something more – IL-17 is overproduced during the early stages of the disease. Despite 

the levels of Th17, the cells increase in peripheral blood of SSc, some researchers find 

elevated levels in bronchoalveolar lavage fluid (BALF) from patients with SSc-ILD, 

while others do not confirm these findings in BALF.  

Using the bleomycin murine (BLM) model both for skin and pulmonary fibrosis, in 

2006 Lei et al. find significantly elevated IL-17A, Th17-cells and other Th-17-related 

cytokines (TGF-β1, IL-6) in skin and lungs of murine models with BLM when compared 

to controls. Unlike these results for mice, in 2016 Almanzar et. al. study patients with SSc 

and do not find increased blood levels of IL-17A or other inflammatory cytokines, 

associated with Th17. They find increased serum levels of both IL17-producing CCR6+ 

Th cells and Foxp3+ Treg cells in patients with dcSSc These results support the imbalance 

of the Th17/Treg ratio particularly during the inflammatory phases of early SSc.  

The role of IL-17А is still considered with regard to fibrogenesis and this issue is 

currently under discussion. Some studies indicate that IL-17A plays the main role in the 

inflammatory stage of the disease, characterized by predominance of Th1 and Th17 cells. 

On the contrary, at a later stage Th2 cells dominate. In 2019 Robak et. al. shed some light 

on the family of IL-17 cytokines and their role in the pathogenesis of SSc. The IL-17 family 

consists of six structurally bound molecules: IL-17A, IL-17B, IL-17C, IL-17D, IL-17E 

(IL-25) and IL-17F. IL-17A and IL-17F are produced mainly by immune cells, more 

specifically by the Т helper cells lines of Th2 and Th17 cells. Other members of the IL-17 

cytokine family, IL-17B, IL-17C, IL-17D and IL-17E It is known, that the IL-17 produced 

by Th17 contribute to the proliferation of fibroblasts, the production of collagen and the 

accumulation of inflammatory cells next to vascular endothelial cells. It is found that the 

mean serum concentrations of IL-17B, IL-17E and IL-17F are elevated in patients with 

SSc. Therefore, it is prudent to assume that cytokines from the family of IL-17 play a role 

in their pathogenesis. In the group of patients with SSc studied by Robak et. al., the mean 

level of IL-17A in serum is low and it is found that it does not differ from that of healthy 
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individuals; for this reason, no connection is observed between the levels of IL-17A and 

the clinical manifestations of the disease. Currently, the available data from literature 

related to the rule of IL-17A in system sclerosis is rather unequivocal and controversial. 

while some studies report an increased level of IL-17A in SSc, others note that there is no 

increase, both in the early and the late stage of the disease, and that there is no difference 

between dcSSc and lcSSc, what is more, there are even reports of decreased serum levels 

of IL-17A. It is assumed that the reason for this is that the measurement of IL-17 levels is 

not sufficiently sensitive to provide a clear picture of the profile of Th17 lymphocytes in 

SSc. Chizzolini et. al. state the claim that in patients with SSc serum levels of IL-17A are 

usually low and close to detection of the assays, which accounts for the variability of the 

results with regard to the clinical features of the studied populations.  

Our results are comparable to those of Robak and Chizzolini, because with regard 

to serum levels of IL-17А we have not found any difference between patients and healthy 

controls. Considering the thesis in support of the established pro-inflammatory and anti-

fibrotic function of this cytokine, expectations were for elevated values in the early stage 

of the disease and then lowered values when SSc is well established, however in both 

cases, values were expected to be higher than serum levels of controls. Based on the 

presented data, we believe that at this stage of scientific development IL-17А is a 

controversial biomarker and further studies are needed to assess its role in the 

pathogenesis of SSc.  

1.8. Comparative analysis of TNF-α serum levels 

In support of the hypothesis about the role of innate immunity in the various pre-

fibrotic stages, in 2016, Cossu et. al. found that in patients with Raynaud’s phenomenon, 

there is an increased response of specific cell types to TLR stimulation, in early stage SSc 

and advanced SSc without fibrotic manifestations, which increased response involved 

mostly TNF-α, IL-6 and MІP-1α. The same year, Henriques et. al. found that diffuse 

involvement of skin in SSc, as well as pulmonary fibrosis correlate with a significantly 

higher production of TNF-α and IFN-γ. The increased secretion of TNF-α in SSc, 

including TGF-β and IL-12 (discussed in section 1.6. Comparative analysis of IL-12p40 

serum levels) is the result of activation of mDC by PAMPs or CD40L. Both the resultant 

monocytes and the mDC isolated from SSc patients with early SSc (lcSSc and dcSSc) 

have demonstrated higher secretion of TNF-α and IL-6 upon stimulation with TLR 

compared to the late SSc or the healthy controls group.  

TNF-α is increased in serum and BALF of patients with SSc, and high TNF mRNA 

expression is documented in skin affected by the disease. Traditionally, TNF-α is 

considered to be an anti-fibrotic cytokine and there are reports describing initial or 

exacerbated fibrosing alveolitis in patients using anti-TNF-α agents. Despite this, animal 

models provide evidence for pro-fibrotic function of TNF-α. 

As far back as the 80s of the past century, the connection between serum levels of 

cytokines/chemokines and organ involvement was being investigated, including in SSc. 

The elevated expression of inflammatory cytokines in the serum of SSc-PAH patients 

suggests the possibility of these cytokines playing a role in the pathogenesis of this organ 

involvement. This leads to the finding that TNF-α increases in the serum of patients with 
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lcSSc with elevated pulmonary artery pressure, and TNF-α increases pulmonary vascular 

resistance, stimulates endothelin-1 and leads to PAH in TNF-α of transgene mice. 

Elevated TNF-α is described in patients with dcSSc with pulmonary fibrosis.  

We have found a significantly higher level of TNF-α in the patient group compared 

to the healthy controls. The patients with the highest value of TNF-α we report are in the 

dcSSc subgroup. This contradicts the available data in literature, where the highest levels 

are described for patients with lcSSc. When studying the relationship between TNF-α 

and elevated pulmonary artery pressure and US10SSc score, we found no correlations 

with these quantities. The expectations for a positive relationship with joint involvement, 

by analogy with elevated levels in Rheumatoid arthritis, are not met, which indicates that 

TNF-α is not the leading cytokine in this clinical manifestation in patients with SSc, and 

that the measured TNF-α may not be biologically active. 

2. Analysis of the levels of genetic expression of genes associated with the 

inflammatory response. Analysis of the expression levels of miRNAs 

(miR-24, miR-30c, miR-125a, miR-153, miR-214), participating in the 

regulation of YKL-40.  

No changes have been found in the levels of gene expression of the examined genes 

(for IL-6, YKL-40, IL12p40, TNF-α, IL-17А) of patients with SSc compared to the 

control group. The lack of a connection between gene expression and protein levels of 

the examined indicators may be due to post-transcription control over the protein 

synthesis. The differences in expression models at gene and protein level may be due to 

differences in the half-life of the examined molecules.  

In section 1.2. (Comparative analysis of YKL-40 serum levels) we have discussed 

the significantly elevated levels of the YKL-40 protein found in the serum of patients 

with SSc (statistically higher in dcSSc than in lcSSc) compared to healthy individuals. In 

addition, the levels of YKL-40 in serum are positively correlated to the US10SSc result, 

which is an objective biomarker for the assessment of joint involvement. These results 

indicate that YKL-40 may play a key role in the pathological processes related to the 

development of SSc.  

We have also not found any changes in the levels of YKL-40 mRNA in WBC 

among the various groups. This lack of difference may be due to post-transcription 

control. In order to further clarify this assumption, we have focused on studying the 

miRNA, for which it is believed that serve as one of the main epigenetic mechanisms for 

protein translational control. The regulation of YKL-40 mRNA expression through 

miRNAs is proven in several in vitro studies, which demonstrate that miRNA -24, -125a 

and -30a bind directly to their target sequences in 3'UTR of YKL-40. This leads to 

downregulation of protein expression in malignant and hypoxic conditions. During the in 

silico analysis we have performed on 3'UTR of YKL-40 mRNA to find other potential 

miRNA, which target the region, we found that the expression levels of miR-214 in WBC 

of SSc patients and healthy individuals do not change within the expression model. 

3‘UTR of YKL-40 is relatively short as a sequence and there are few miRNAs which 

target it. This leads us to assume that it is possible that mechanisms other than miRNAs 
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participate in the regulation of YKL-40. Unlu et. al. found that the expression of miR-

214 is induced by mononuclear cells in peripheral blood (PBMCs) from healthy donors 

treated with cell lysates containing high-mobility group B1 proteins. This indicates that 

miR-214 participates in the autoimmune inflammatory response induced by a damage-

associated molecular pattern (DAMPs). Conversely, chronic inflammation may have the 

opposite effect. Lai et. al. prove that T-cells from patients with Rheumatoid arthritis 

influenced by TNF-α, have lower levels of miR-214 expression compared to healthy 

individuals. In addition, treatment with biological agents, which regulate the effect of 

TNF-α leads to increased miR-214 expression. It is to be clarified whether these 

mechanisms can affect the levels of miR-214 in WBC of patients with SSc.  

Cytoregulating miRNAs are discussed as possible biomarkers in various 

pathological conditions. It is assumed that miRNAs, carried by exosomes could have an 

effect on the patterns of expression in various cells. The miR-214 expression we have 

examined in the plasma of SSc patients and healthy controls shows that miR-214 levels 

are significantly downregulated in patients compared to controls. In addition, the levels 

of genetic expression of the target miRNA are significantly lower in patients with dcSSc 

and lcSS compared to healthy individuals. No differences are observed between SSc 

subgroups. Based on the predictive analysis performed, which shows that miR-214 can 

potentially bind with 3'UTR of CHI3L1 and therefore to downregulate the levels of the 

protein, we have assumed that there is a reverse relationship between protein levels of 

YKL-40 in serum and miR-214 expression. Regardless of the observed trend for a 

negative relationship between protein concentrations and the levels of miR-214 

expressions in WBC or plasma, the result does not reach statistical significance. miRNAs 

are released by cells or as free molecules secreted into membrane vesicle or as protein-

miRNA complexes. Rebane and Akdis believe these circulatory miRNAs play a role in 

intercellular communication. Wermuth et. al. support this thesis with data. They show 

that profibrosis miRNAs in exosomes from serums of SSc patients can induce expression 

of genes related to fibrosis in dermal fibroblasts. A similar mechanism can be involved 

in the expression of YKL-40 and the downregulation of miR-214 in the plasma of SSc 

patients related to increased levels of the glycoprotein.  

The levels of expression of circulatory miRNAs are considered to be a potential 

biomarker for SSc and other autoimmune disease due to their participation in pathological 

processes related to the disease and their stability in serum samples. Our project presents 

new data on the potential value of miR-214 as a diagnostic biomarker in SSc. The levels 

of miR-214 indicate high to moderate efficacy in distinguishing between patients with 

SSc (dcSSc or lcSSc) from healthy individuals. Further extensive research is needed to 

confirm the obtained results.  

3. Functional cytokine networks 

Functional cytokine networks are weakly characterized in SSc. It is well known that 

T-lymphocytes have a key role in the pathogenesis of innate and acquired immunity. The 

cytokine environment, within which T-cell activation occurs, is of crucial significance 

when the fate of CD4+ T-helper cells is determined. In this regard, in the presence of IL-
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12 and interferons, Т-helper precursor cells become Th1 cells and actively produce IFN-γ, 

while in the presence of IL-4 and IL-2 they turn into Th2 cells and actively produce IL-4, 

IL-5 and IL-13. The simultaneous presence of TGF-β and pro-inflammatory cytokines such 

as IL-1 or IL-6 facilitates the production of IL-17A and IL-1F by T-cells, which results in 

their definition as Th17 cells. These can be further differentiated and proliferated in the 

presence of IL-23, while TGF-β together with IL-2 facilitate the polarization against Tregs 

and produce TGF-β and IL-10. In people, but not in mice, there seems to be an additional 

terminally differentiated subgroup characterized by production of IL-22 in the absence of 

other prototype cytokines.  

The role of Th17 lymphocytes in the pathogenesis of SSc is generally accepted and 

their high frequency in peripheral blood of SSc patients is proven. Furthermore, Th17 cells 

are activated in patients with this disease, both in lcSSc and dcSSc, and according to 

Krasimirova et. al. they produce IL-17A, IL-17F, IL-21, IL-22 and IL-26. At the same time, 

there are high levels of IL-6, TGF-β1 (elevated in early stage), IL-10. Since the pathogenesis 

of SSc shows abnormalities in Treg, the subpopulations of Treg and their cytokines (IL-10 

and TGF-β) in peripheral blood of patients with early SSc are examined and there is an 

imbalance of Treg subgroups and abnormalities in the cytokines they produce. 

As far back as 1996 Fossiez et. al. report that IL-17 induces the production of IL-6 

and IL-8, as well as the expression of ICAM-1 in human fibroblasts and supports their 

proliferation. What is more, it is known that IL-17F induces the production of endothelial 

cells of the pro-fibrotic cytokine TGF-β. Additional points that support the participation 

of Th17 cells in the pathogenesis of SSc, include high level of SSc serums of IL-6 and 

IL-23, which in turn promote differentiation and propagation of Th17. The role of the 

specific cytokine environment is discussed with regard to IL-17A. In the presence of 

TGF-β1, the main profibrotic cytokine, IL-17A assumes a two-prone function. On one 

hand, unexpected synergetic activity is reported, leading to increased production of IL-6 

by dermal fibroblasts; on the other, there is significant inhibition of the production of 

collagen type I. IL-17A or TGF-β1 increase IL-6 production by 8- to 16-times and the 

simultaneous presence of IL-17A and TGF-β1 leads to a hundred-fold higher levels of 

IL-6. In 2018 Dufour et. al. present evidence for the synergetic activity of IL-17A and 

TGF-β1 for the production of IL-6 (and MCP-1) by dermal fibroblasts, both by SSc 

patients and by healthy controls. Furthermore, their data indicate the inhibitory role of 

IL-17A in fibrosis, especially its negative impact on TGF-β-mediated production of 

COL-I dependent on SMAD signaling. From a therapeutic perspective, the interaction 

between IL-17A, TGF-β1 and IL-6 represents the main focus of interest, since these three 

cytokines are potential targets for therapies in SSc. On one hand, the direct antifibrotic 

role of IL-17A, as well as its inhibitory action on the TGF-β induced collagen production, 

suggest that inhibition of this cytokine may have adverse effects in people, affected by 

SSc. On the other hand, since IL-6 can directly or indirectly facilitate fibrosis, blocking 

the factors, which promote IL-6 production may have beneficial effects.  

In 2017 Affandi et. al demonstrated how CXCL4 influences CD4 T-cells (both 

directly and through antigen-presenting cells) causing pro-inflammatory cytokine 

production by Т-cells and especially IL-17, IFN-γ, IL-22. This indicates that by targeting 
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CXCL4, the immune response in Th17-mediated rheumatic disease, such as SSc, can be 

affected. With regard to ICAM-1, Dustin et. al. and Rothlein et. al. present how the 

secretion of cICAM-1, as well as the regulation of cell-related ICAM-1, is induced by 

activating signals and cytokines, such as TNF-α, IL-1 and IFN-γ. This way increased 

serum levels of cICAM-1 can be the result of chronic systemic exposure to these 

cytokines in patients with SSc.  

The synergistic or antagonistic effects of individual cytokines among each other in 

this complex cytokine system illustrates the complex nature of these relationships, which 

are not fully understood. They participate in the regulation of their own production at a 

transcription and post-transcription level through self-induction and/or stimulation of 

other cytokines. 

4. Analysis of ultrasonographic examination of joints and tendons 

4.1. US10SSc score  

Joint involvement is a characteristic manifestation of SSc, which is evidenced by 

the analyses based on EULAR for the study of scleroderma (EUSTAR). Furthermore, 

synovitis in SSc is associated with disease activity and systemic inflammation is more 

likely to manifest in the early stages of the disease. US studies indicate that synovitis is 

one of the most frequent findings in SSc, affecting almost half of all patients. It needs to 

be noted that synovitis usually has mild inflammatory activity and low Doppler signal 

(PDUS), which may lead to underestimation of SSc related joint involvement. 

Furthermore, this organ involvement may be heterogeneous because patients may present 

with tenosynovitis and synovitis, CTS and bursitis. 

Since the first reported US study of SSc patients from 2000 until today, given the 

intensive advances and introduction into practice of the latest modern high-tech 

ultrasound devices, research effort related to imaging through this imaging method are 

focused on early detection of changes occurring in joints and tendons, given their proven 

role as an unfavorable prognostic factor in SSc. Based on this, wrist joints, small hand 

joints (anatomical substrate of puffy fingers, TFRs) are subject of interest and 

investigation in patients with SSc, initially describing only findings in the systems for 

assessment of synovitis, tenosynovitis, hydrops and subsequently scoring systems were 

applied for the purpose of staging, which are known and used for inflammatory joint 

disease. Comparing US findings in patients with SSc with the most common and 

sonographically studied inflammatory joint disease RA, key differences emerge. Typical 

US findings in SSc such as hyperechogenic tendons and tendon sheaths (a finding 

discussed as sclerotic) are typical only for SSc and are not detected in RA and other 

inflammatory systemic disease. For this reason, we examined the patients using the 

modified US10SSc score created by us especially for ultrasound testing of joints and 

tendons of patients with SSc, which includes both hands (not only the dominant hand and 

leg) (see the Appendix). This scoring system is directed mostly to joint and tendon 

involvement and differs from the scoring systems in inflammatory joint disease, where 

joint cartilage is assessed along with erosion changes. Our previous studies find 

predilection involvement of synovitis, tendons (both flexors and extensors) with 
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inflammatory and sclerotic changes, anatomical substrate for TFRs and in a very low 

percentage of erosions and changes in the hyaline cartilage.  

4.2. Enthesitis scores in SSc 

In addition to joint involvement, EUSTAR also examines the potential role of both 

tendons and entheses in predicting the evolution of the disease. It is interesting that typical 

signs of SpA, such as Sacroiliiis, are reported with an incidence of 23% in patients with 

SSc, with common involvement of tendons. More specifically, the tenosynovitis of the 

hand is found in 27% of patients with SSc, demonstrating a mixed pattern of 

inflammatory and fibrotic changes. In addition, other studies suggest that even knee 

tendons and the ankle without a tendon sheaths are altered in patients with SSc and 

enthesopathy is more common among them than in healthy people. Most of the data from 

literature assume that in SSc there are SpA-like articular changes, however only one study 

focuses on the prevalence of enthesial changes and currently only two on the pathological 

changes in the synovio-entheseal complex (SEC) with this disease. In this context, 

changes in enthesis are frequent in SSc, affecting both upper and lower limbs. In reality, 

lateral epicondylar enthesis is a location which can be scanned easily and shows a well-

defined synovial fold, which together with the radial collateral ligament and CET 

contribute to the structure of SEC. In an effort to understand better the pathogenesis of 

SpA related enthesitis, both MRI and US studies demonstrate that entheseal changes are 

associated with pathological alterations in adjacent bone and soft tissue, including the 

synovial folds. Therefore, it is stated that this micro-anatomic region needs to be 

considered as an entheseal organ, namely SEC. The participation of SEC is the main 

process in the pathogenesis of SpA related enthesitis, since biomechanical forces cause 

an inflammatory cascade by the production of cytokines through infiltration of 

monocytes and lymphocytes in the connective synovial tissue, which in turn causes an 

intrajoint inflammatory response. The increased density of skin in SSc and the changes 

in peritendon structures can represent a risk factor for increased stress in the affected 

enthesis and respectively in SEC. With regard to the possible pathogenic mechanisms, it 

is known that the IL-23 / IL-17 axis is one of the main pathways of changes in the 

development of SpA. What is more, in animal models of SpA, the inflammation of SEC 

appears to be an IL-23-dependent event and the main step in the development of 

enthesitis. The evidence that enthesopathy in SSc and SpA share the same micro-

anatomical participation and characteristics suggests possible common pathogenic 

cascade in these two different diseases. In SSc it has been demonstrated that IL-23 and 

IL-17 regulate positively the production of collagen in fibroblasts, a process, which can 

be limited significantly by blocking IL-17. Based on this it can be assumed that an altered 

IL-23 / IL-17 axis may play a role in SSc-related enthesopathy as well.  

The data obtained from this study show that patients with SSc have signs of 

enthesopathy from B-Mode US at GESS enthesis insertions. These results correspond to 

the significantly higher result for GUESS presented by Terrenzi et. al., when compared 

to healthy controls. Despite this, B-Mode and PDUS signals of CET enthesis are 

significantly more frequent in SSc than in controls. Enthesopathy of CET with the 
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accompanying participation of SEC is not uncommon in patients with SSc and 3% of 

them have been found to have calcinosis in at least one of the assessed enthesis locations. 

5. Analysis of the ultrasound assessment of the lungs  

After establishing LUS as an objective and reliable instrumental method, on par with 

HRCT for screening assessment of pulmonary involvement in SSc, numerous authors have 

started working on systematizing the methods with regard to the number of LIS of 

measurements, as well as the so-called cut-off value. In 2009, Gargani et. al. were first to 

establish such a system for examining, performing US on 72 LIS. Two years later, 

Guitierrez et. al., Tardella in 2012, and Barskova in 2013, established comprehensive 

assessment system, which examines 50 LIS. In order to facilitate the performance of LUS 

in terms of time, attempts are made to simply the assessments while achieving comparable 

sensitivity, specificity, reliability and informativity. Moazedi-Fuerst et. al. respectively in 

2012, 2014 and 2015 developed LUS with 18 LIS. Gutierrez et. al., in 2011, proposed a 

simplified score of 14 LIS, independently of the one developed by Tardella et. al. in 2018 

until we get to the modified LUS with 10 LIS by Mohamandi et. al. in 2014.  

LUS in the examination of pulmonary involvement in patients with SSc continues 

to be the subject of research, however published reports discuss issues related to the 

methodology of its performance, while the positive correlation between LUS В-lines and 

HRCТ scores is already proven. LUS appears to be a possible alternative to HRCT in the 

screening process and follow-up of such patients.  

In our previous papers, we performed LUS on patients with SSc, using 72 LIS. In 

this paper, we have used a 14 LIS score because simplified LUS for the assessment of 

ILD in SSc has proven its equivalence to the comprehensive method and its diagnostic 

accuracy has been confirmed in other studies, having shown good correlation with the 

HRCT score. Numerous authors are attempting to find the cut-off value, above which 

ILD involvement may be suspected and most of these assume that a total number of B-

lines >10 is significant for Interstitial lung disease comparable to that of HRCT. 

6. Limitations  

This scientific paper has a number of limitations. In the first place, the study design 

is cross-sectional and provides one-step information about the examined indicators 

related both to the levels of serum biomarkers and to the status of target organs, as 

objectified by imaging biomarkers. Second, the duration of the disease in the cohort is 

different and therefore the results indicate the point-in-time state of the levels of cytokines 

in the respective stage of the course of SSc. In addition, the sample size is relatively small, 

especially with SSc patients divided into subgroups, however it needs to be noted that 

SSc is a rare disease. Still the levels of some investigated cytokines showed statistically 

significant correlations with the variables, assessed using US. Pulmonary pressure is 

measured using transthoracic echocardiography and not the invasive, expensive right 

cardiac catheterization. The crucial VEDOSS group from the perspective of early 

characterization of this little understood by modern science initial stage of the course of 

the disease, even before the development of overt fibrosis is very small for obvious 
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reasons. We have tried to create maximally homogeneous groups from the point-of-view 

of therapeutic modes, as it is well-known that serum and plasma concentrations of 

cytokines may be influenced by therapeutic agents. We are aware that the actual 

pathogenic role of the interaction between these molecules can be assessed only in a well-

characterized series of previously untreated patients monitored over time, so that serial 

measurements can be interpreted and referred to the objective imaging methods with 

regard to the progression of the disease, however this is limited due to ethical reasons.  

7. Future directions  

SSc being an autoimmune fibrotic disease where multiple genetic and epigenetic 

factors lead to the manifestation of the disease determining the focus of research efforts. 

Another target is the identification and clarification of the genetic and epigenetic factors 

which lead to the manifestation of the disease from the earliest stages of the pre-clinical 

disease and which distinguish patients with skin-only involvement from those with 

internal organ involvement. There is scientific interest in developing serum biomarkers 

and testing new instrumental methods (imaging biomarkers) for diagnosis at the very 

early stages of the disease, which are characterized by persistent inflammation and 

remodeling of the smallest vessels (leading to progressive loss of capillaries) ultimately 

leading to fibrosis of the skin, lungs, heart and other organs.  

In recent years, the use of LUS in clinical practice expanded the tools at the disposal 

of the rheumatologist in diagnosing and monitoring CTDs-ILD. A new application of 

ultrasound is lung ultrasonography (Lung Ultrasound Surface Wave Elastography – 

LUSWE). This method applied for the first time for assessment of the lungs in 

experimental models represents a non-invasive and non-ionizing technique with the 

capacity to measure the surface elasticity of lung tissue. Initially published data indicate 

significant differences in the rate of propagation of US waves in patients with ILD-SSc 

compared to healthy controls. These preliminary data are encouraging and LUSWE may 

become a useful tool for quantitative assessment of CTD-ILD.  

SSc still demonstrates typically high mortality, the reason for this being 

complications such as ILD, pulmonary fibrosis, PAH, SRC. Although SSC is a rare 

disease, it is considered as a prototype of a fibrotic state, whose detailed characterization 

may lead to better understanding of other fibrotic conditions and diseases. The secondary 

Raynaud’s phenomenon provides opportunity to study the earliest effects on the 

microcirculation (damage to endothelial cells) together with immunological changes 

(specific antibodies), research into the earliest damage in order to identify the initial 

pathways which unlock the disease and the correlation with the respective serum and 

imaging biomarkers. This is crucial for the timely assessment of underlying pathogenic 

mechanisms and therefore the prevention of the disease (preventative medicine). 

It is interesting to speculate that in the near future a biomarker, or a combination of 

different ones, may be of use to the clinician to identify, early in the disease course, the 

risk of involvement of various internal organs. This will aid the design of an early 

aggressive treatment strategy in order to reduce, or even prevent, unfavorable disease 

progression.  
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VI.  CONCLUSION  

Progressive system sclerosis is a disease which is subject to intensive molecular, 

pharmacogenomic, immunohistochemical, genetic and epigenetic, and clinical studies. 

Parallel and mutually reinforcing process of autoimmunity, vasculopathy, inflammation 

and fibrosis characterize the disease as extremely heterogenic. Unraveling the 

pathogenetic mechanisms, which underline the emergence of the disease, the multi-

faceted clinical manifestations, the hard-to-predict course and the management of the 

unfavorable progression of the disease pose a real challenge to modern rheumatologists.  

There is general consensus about the significance of the genetic background as a 

predisposing factor for the occurrence of the disease, however the modern approach to 

revealing the true nature of SSc is directed towards epigenetic modifications and 

epigenetic dysregulation.  

In the autoimmune process, inflammation and the occurring fibrosis involve 

multiple cells of the innate and acquired immunity, their products and mediators, autoAT, 

cytokines and chemokines, the complement system, which are part of an overall 

functional system. In the presence of certain cytokines, individual cell lines may change 

the direction of differentiation and proliferation and/or an imbalance might manifest in 

the cytokines they produce. The immune-mediated inflammatory and fibrotic process is 

responsible for the different severity of organ dysfunction. 

There is increasing evidence that indicates the possible role of miRNAs in the 

pathogenesis of SSc, which may modulate the functions of the immune system and the 

genes associated with fibrosis. There is growing interest in biomarkers of SSc. The notion 

that circulating blood may adequately reflect pathologic changes in this disease is 

extremely attractive, and it is even more encouraging that it may enable their prediction. 

There are many difficulties in this respect for various reasons. The pathology is most 

likely heterogeneous in its nature and therefore measuring the factors in peripheral blood 

may not reflect precisely the process of interest. Biological effects of many key 

biomarkers are pleiotropic and can vary over time and at different stages of the disease. 

Cytokine levels in synovial fluid are of interest when studying arthritic disease since they 

reflect more precisely the molecular pathology of the inflamed joint compared to levels 

in plasma. The analysis of the synovial fluid of affected joints in patients with SSc is 

invaluable for the differentiation of inflammatory joint component as a separate unit of 

activity of the systemic disease. Unfortunately, the acquisition of joint fluid from patients 

with SSc is challenging since joint effusions are relatively rare. Despite these obstacles, 

studies of biomarkers which seek to find a connection with organ involvement and the 

objectification of occurring changes using modern imaging biomarkers, are crucial and 

significant for further advances in the field of SSc.  

This study is the first in Bulgaria to examine the relationship between serum 

biomarkers, the association with the respective organ involvement, the objectification of 

findings using validated imaging biomarkers for pulmonary, and joint involvement in 

patients with SSc. We believe that the combination of serum and imaging biomarkers 

provides more detailed information about the state of the underlying disease process. The 

complex approach and interpretation of results from serum and imaging biomarkers has 

the greatest significance in clinical practice.  
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VII.  FINDINGS  

1. In the various forms and phases of SSc there is a cytokine/chemokine imbalance, 

which is the prerequisite for the leading clinical presentation of the disease.  

2. Increased serum levels of the biomarkers correlate more closely with the respective 

organ manifestation than the form of the disease (diagnostic biomarkers).   

3. Elevated serum levels of IL-6 in patients with SSc are associated with widespread 

skin, joint, and pulmonary involvement (ILD), and those of YKL-40 we associate 

with elevated pulmonary artery pressure, ILD and synovitis/tenosynovitis.  

4. In the patient group ICAM-1 is a biomarker of pulmonary fibrosis (Ro) and joint 

and perijoint involvement, while IL-12p40 is associated with involvement of the 

synovio-entheseal complex, enthesis and joints. 

5. Although the level of TNFα is higher in the patient group, this is not associated 

with a particular organ involvement, however higher serum levels of CXCL4 in 

patients compared to controls correlate with DUs’ incidence. 

6. IL-17А and TGF-β1 do not show potential as biomarkers due to the lack of 

significant differences in the two groups studied. 

7. Only some of the examined biomarkers play a predictive role with regard to the 

degree of involvement of target organs (IL-6, YKL-40, ICAM-1, IL-12p40) 

(predictive biomarkers). 

8. The lack of change in the levels of gene expression of the genes associated with the 

inflammatory response (for YKL-40, TNFα, IL-6, IL-12p40, IL-17А) in patients 

with SSc when compared to the control group is probably due to post-transcription 

control of protein synthesis. The differences in expression models at gene and 

protein level may be due to differences in the half-life of the examined molecules.  

9. The lack of difference in the expression levels of miRNAs (miR-24, miR-30c, miR-

125a, miR-153, miR-214), participating in the regulation of YKL-40 expression, 

suggests the presence of other mechanisms (other than that of miRNAs) in the 

regulation of YKL-40.  

10. The combination of serum and imaging biomarkers provides more detailed 

information about the state of the disease process. The complex interpretation of the 

results from serum and imaging biomarkers is crucial in clinical practice.  
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VIII.  CONTRIBUTIONS  

I. Original contribution  

1. Serum levels of YKL-40, ICAM-1, CXCL-4, IL-12p40, TNF-α in patients with 

SSc are examined for the first time in Bulgaria.  

2. The role of the biomarkers IL-6, YKL-40, TGF-β1, ICAM-1, CXCL-4, IL-12p40, 

TNF-α, IL-17А in various organ involvement of SSC patients is studied for the first 

time in Bulgaria and their correlation with imaging biomarkers (US) with regard to 

pulmonary and joint involvement is investigated.   

3. For the first time in Bulgaria, the predictive role of certain serum biomarkers in joint 

and pulmonary involvement is assessed in patients with SSc.  

4. The levels of genetic expression of genes associated with the inflammatory response 

(for YKL-40, TNFα, IL-6, IL-12p40, IL-17А) in patients with SSc are studied for 

the first time in Bulgaria.  

5. For the first time in Bulgaria, the expression levels of miRNAs (miR-24, miR-30c, 

miR-125a, miR-153, miR-214) are studied to assess their participation in the 

regulation of the expression of YKL-40 in patients with SSs.  

 

II. Confirmatory contribution  

1. The significance of cytokine imbalance for the clinical manifestations in SSc 

patients is confirmed.  

2. The significance of increased serum levels of IL-6, YKL-40, ICAM-1, CXCL4, 

IL-12p40 for the negative course and unfavorable progression of the disease due to 

their association with pulmonary and joint involvement is confirmed. 

 

III. Applied scientific contribution  

1. For the first time in Bulgaria and the world a new US10SSc score is developed for 

joint and tendon manifestations in patients with SSc.  

2. A relationship has been found between serum levels of (certain) biomarkers and 

their association with specific organ involvement, enabling the objectification of 

changes using imaging biomarkers as the basis for screening SSc patients in view 

of timely treatment and monitoring.  

 



71 

IX.  LIST OF SCIENTIFIC PUBLICATIONS  

RELATED TO THE DISSERTATION  

of Rositsa V. Karalilova, MD, PhD 
 

 

1. A. Batalov, D. Penev, B. Oparanov, R. Karalilova, and St. Andreev. Tenosonography 

of lower limbs in patients with spondyloarthropathies. Scientific works by the Union 

of Scientists in Bulgaria – Plovdiv, series G. Medicine, pharmacy and dentistry, vol. 

VIII. Science series “Medicine and dentistry”, Scientific section “Internal disease”, 

10 November 2006. ISSN 1311 – 9427. 142 - 148.  

2. R. Karalilova, A. Batalov, R. Nestorova and D. Penev. Early diagnosis of 

spondyloarthropathies and ultrasound assessment of enthesopathies. Rheumatology 

4, 2007, 24 – 26.  

3. A. Batalov, R. Karalilova, S. Tsvetkova, R. Nestorova, D. Penev. Ultrasound 

diagnosis of carpal tunnel syndrome. Scientific works by the Union of Scientists in 

Bulgaria, series G. Medicine, pharmacy and dentistry, vol. IX. Science series 

“Medicine and dentistry”, Scientific section “Internal disease”, 23 November 2007. 

ISSN 1311 – 9427. 60 - 61.  

4. R. Karalilova, A. Batalov, S. Tsvetkova, D. Penev. Color Doppler sonography 

(with contrast) and magnetic resonance imaging (with contrast) to diagnose 

synovitis in gonarthritis. Scientific works by the Union of Scientists in Bulgaria, 

series G. Medicine, pharmacy and dentistry, vol. IX. Science series “Medicine and 

dentistry”, Scientific section “Internal disease”, 23 November 2007. ISSN 1311 – 

9427. 62 - 65.  

5. V. Popova, An. Batalov, M. Geneva-Popova, R. Karalilova, L. Stoyanova, Sn. 

Terziyska, St. Alimanska, Iv. Yakov, L. Paunov. There are exceptions to every 

rule – Association of psoriatic arthritis and progressive systemic sclerosis. V 

Scientific conference for students, post-graduate students and young scientists, 

Plovdiv, 18 May 2013, Union of Scientists in Bulgaria, Plovdiv. Collection of 

reports of the Union of Scientists in Bulgaria – 2013, series 01. Life sciences, 

ISSN 1314 – 9547: 80 - 88.  

6. R. Karalilova, A. Batalov, Y. Peeva, K. Kraev, Z. Batalov, V. Popova. Lung 

ultrasound for evaluation of pulmofibrosis in systemic sclerosis. Annual European 

Congress of Rheumatology, 11 – 14 June 2014, Paris, France. Ann Rheum Dis 

(2014); Volume 73; 567-568 (IF2014=9.111). IF (2017) 12.35  



72 

7. Т. Sapundzhieva, R. Karalilova and A. Batalov. Remission of rheumatoid 

polyarthritis and usefulness of musculoskeletal ultrasonography. Rheumatology 

ХХIV, 3, 2016;24(3):12-19.  

8. P. Selimov, A. Batalov, E. Firkova-Bernard, R. Karalilova, B. Popova, M. 

Kazakova, N. Radeva, D. Ganichev, and M. Ahmedov. Rheumatoid arthritis, oral 

microbiome and parodontitis Rheumatology ХХIV, 2, 2016;24(2):3-15.  

9. R. Karalilova, Z. Batalov. New ultrasonography techniques in systemic sclerosis. 

MEDICAL Magazine. ISSN 1314 – 9709. 38, 02/2017, 82 – 85.  

10. R. Karalilova, T. Sapundzhieva, Z. Batalov. Organ involvement in systemic 

sclerosis. MEDICAL Magazine. ISSN 1314 – 9709. XLV, 09/2017, 76-80.  

11. Katya I. Stefanova, Ginka T. Delcheva, Ana I. Maneva, Anastas Z. Batalov, Mariela 

G. Geneva-Popova, Rositza V. Karalilova, Kiril K. Simitchiev. Study on the 

pathobiochemical mechanisms, relating iron homeostasis with parameters of 

inflammatory activity and autoimmune disorders in rheumatoid arthritis. Folia 

Medica 2018;60(1): 95-102. (IF 2016 = 0,68) DOI: 10.1515/ folmed-2017-0068.  

12. R. Karalilova, M. Kazakova, A. Batalov, V. Sarafian. Correlation between protein 

YKL-40 and sonographic findings in active knee osteoarthritis. Med Ultrason. 2018 

Feb 4;1(1):57-63. doi: 10.11152/mu-1247. ISNN (print) 1844-4172; ISNN (online) 

2066-8643. (IF2018= 1.674)  

13. Sapundzhieva T, Karalilova R, Batalov A. Musculoskeletal ultrasound for 

predicting remission in patients with rheumatoid arthritis: results from a 1-year 

prospective study. Rheumatol Int 2018 Oct;38(10):1891-1899. (IF 2018 = 1.952)  

14. Т. Sapundzhieva, R. Karalilova, A. Marinkov, and A. Batalov. Where to after 

remission and weak disease activity. Rheumatology ХХVI, 3,2018;24-36.  

15. T. Sapundzhieva, R. Karalilova, A. Batalov. Musculoskeletal ultrasound in 

rheumatology – new horizons. Folia Medica 2020, 62(1): 7-16 DOI: 

10.3897/folmed.62.e47772. (IF2015 =0.68)  

 


