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Abstract
Objective
The aim of our study was to evaluate the expression levels of miR-21 and miR-29a in the serum of systemic sclerosis (SSc)
patients and to determine their correlation with clinical and immunological parameters.

Methods
34 patients fulfilling the ACR/EULAR 2013 classification criteria for SSc were included in the study. miR-21 and
miR-29a expression levels in the serum were determined by PCR (SYBR Green technology). 242 method was used
for analysis. 14 healthy donors were used as controls (HCs).

Results
Expression levels of miR-21 were upregulated in the serum of 17 (50.0%) of the patients. The expression of miR-29a
was downregulated in 15 (44.12%) of the SSc patients. Receiver operating characteristic (ROC) curve analysis was
conducted in order to evaluate the diagnostic accuracy of the expression levels of the studied miRNAs in the serum.
Area under the curve (AUC) for miR-21 was 0.634 (95% CI=0.479-0.790), p=0.147 with 64.7% sensitivity and 64.3%
specificity. AUC for miR-29a was 0.605 (95% CI=0.420-0.790), with 64.3% sensitivity and 52.9% specificity but
without statistical significance (p=0.257). The multimarker analysis of the ROC curves for both miRNAs showed
AUC=0.714 (95% CI=0.569-0.860), p=0.021 with 79.4% sensitivity and 42.9% specificity. Levels of miR-29a
correlated with the levels of miR-21 in the serum (with Spearman correlation coefficient 0.517, p=0.00017) and
with the presence of anti-Scl70 antibodies in the serum (with Spearman correlation coefficient 0.438, p=0.010).

Conclusion
Our data showed a deregulation of miR-21 and miR-29a in the serum of patients with SSc which could suggests their
potential role in the disease pathogenesis. Further analysis with higher number of patients is needed to confirm if
these miRNAs could be used in the clinical practice as diagnostic biomarkers as well as biomarkers for both
disease activity and progression.
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Introduction

Systemic sclerosis (SSc) is a chronic
autoimmune connective tissue dis-
order characterised by vasculopathy,
immunological alterations and exces-
sive synthesis of extracellular matrix
(ECM) proteins. These three main fea-
tures underlie the pathological process
leading to fibrosis of the skin and inter-
nal organs to which extend the disease
is divided into two subtypes of clini-
cal picture and course: a limited SSc
(I1SSc) and a diffuse SSc (dSSc) (1, 2).
Although the aetiology of SSc is still
unknown studies have shown that the
accumulation of collagen and other
ECM proteins in the tissues is a re-
sult of fibroblast hyperactivity thus
increased biosynthesis as well as of
reduced degradation of these com-
ponents. In the recent years of great
interest is the potential biological sig-
nificance of epigenetic changes such
as altered micro-ribonucleic acid (mi-
croRNA, miRNA) expression in the
disease pathogenesis (3, 4). miRNAs
comprise a class of endogenous short
noncoding RNA molecules that nega-
tively regulate the gene expression on
posttranscriptional level by targeting
the messenger RNAs (mRNAs) (5).
Functional studies have shown that
miRNAs regulate critical fibrosis-relat-
ed signalling pathways and molecules
related to fibroblast hyperactivity and
abnormal synthesis of ECM proteins
as well as SSc-related genes thus play-
ing as important role in the pathogen-
esis of fibrosis (6). miRNAs have been
shown to directly or indirectly partici-
pate in the fibrotic process by targeting
the transforming growth factor (TGF)/
Smad3 canonical signalling pathway
and the connective tissue growth factor
(CTGF), by affecting the epithelial-to-
mesenchymal transition and inducing
myofibroblast proliferation and resist-
ance to apoptosis (7-10).

Two of the most studied miRNAs in the
pathogenesis of SSc are miR-21 and
miR-29, having pro- and anti-fibrotic
effects, respectively.

miR-29 family includes miR-29a, miR-
29b-1, miR-29b-2 and miR29c and it is
known as “master fibromiRNA” due to
its pivotal role in the pathogenesis of fi-
brosis. It demonstrates anti-fibrotic ef-

fects and targets fibrosis-related genes,
both structural ECM and enzymes, in-
volved in tissue remodelling, including
collagens, fibronectin, laminin, matrix
metalloproteinase-2 (MMP-2). miR-29
is known to directly repress the expres-
sion of collagen type I, II and IV thus
playing a key regulatory function in
collagen expression in SSc (11). miR-
29 inhibits the TGF-f1/Smad signal-
ling pathway and suppresses the TGF-
P1-induced pro-fibrotic process (12).
Through targeting the TGF-f3 activated
kinase 1 binding protein 1 (TAB 1)
miR-29 represses the TAB1-mediated
tissue inhibitor of metalloproteinases
1 (TIMP-1) production in dermal fi-
broblasts (13). The miR-29 family ex-
pression has been shown to be reduced
in various types of tissue fibrosis and
its levels inversely correlate with the
severity of the fibrosis (14, 15). In
addition, miR-29 family targets both
pro- and anti-apoptotic Bcl-2 family
members, thus functioning as tumour
promotor or suppressor (16, 17). In
dermal fibroblast from patients with
SSc miR-29 has been shown to induce
apoptosis via increasing the Bax:Bcl2
ratio (18). Additionally, miR-29 fam-
ily directly or indirectly affects Mcl-1,
an anti-apoptotic Bcl2 family member
thus affecting cell survival and cell
death (19).

miR-21 is a highly conserved miRNA
with ubiquitous expression across
most cell types and primary known
for its role in oncogenesis. Following
studies have shown that the increased
expression of miR-21 promotes fibro-
blast proliferation and accumulation of
ECM proteins thus playing role in the
pathogenesis of fibrotic process. miR-
21 is upregulated by TGF-f31 which in
turn induces TGF-31-related fibrogen-
esis in skin fibroblasts through target-
ing Smad7. The latter has been found
to be a direct target of miR-21. The
expression of miR-21 has been found
to be increased in SSc skin tissues and
fibroblasts (20).

The aim of our study was to evaluate
the diagnostic value of serum miR-
21 and miR-29a expression levels in
SSc patients with regard to their use
as diagnostic biomarkers in clinical
practice.
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Material and methods

Preparation of serum samples

Ethical approval for this study was
granted by the ethics committee of the
Medical University, Sofia. Informed
consent was obtained from 48 par-
ticipants from European ancestry (34
dSSc patients and 14 healthy controls
(HCs), Table I). According to the ethics
committee, HCs were over 18 years of
age, with not known rheumatic condi-
tions. SSc was diagnosed according to
the American College of Rheumatol-
ogy/European League against Rheu-
matism classification criteria for SSc
from 2013 (21). In order to reduce the
RNA degradation and to eliminate pre-
analytical variables all blood samples
from patients and HCs after the blood
draw stayed at room temperature for
maximum of 2 hours before being pro-
cessed in the laboratory where as soon
as they arrived serum was isolated from
blood tubes using the same param-
eters for centrifugation. Isolated serum
from each patient and control was ali-
quoted in two cryotubes and stored at
-80°C prior isolation. All samples were
thawed only one time.

RNA isolation, cDNA synthesis

and real-time PCR

Total RNA from the serum samples was
extracted with miRNeasy Serum/Plas-
ma kit (Qiagen®). The concentrations
and quality of RNA samples were eval-
uated spectrophotometrically by Nan-
oDrop. Equal concentrations of RNA
samples (150 ng) were used in reverse
transcription reactions for synthesis of
copy DNA (cDNA) with miScript II
RT kit (Qiagen®) using miScript HiS-
pec Buffer. Before use, every cDNA
was diluted as recommended. Quanti-
tative real-time polymerase chain reac-
tion (PCR) was done on the Applied
Biosystems 7900HT Fast Real-Time
PCR System with miScript SYBR
Green PCR kit (Qiagen®) and miScript
Primer Assays (Qiagen®). cel-miR-39
exogenous and RNU6B endogenous
controls were used as reference con-
trols for normalisation. Relative chang-
es of gene expression levels of studied
miRNAs were calculated by the 2-24¢
method. HCs were used as calibrators
in the analysis. Real-time experiments
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Table I. Clinical characteristics of the SSc patients included in the study.

Characteristics SSc HCs
Number of patients 34 14
Gender (men/women) 3/31 6/8
Age in years (range) mean age 32+72 28 +72
(5421 £11.68) (50.85 + 14.27)

Disease duration in months, mean (min, max) 76.74 (1+480) n/a
ANA (+), number (%) 33 (97.06 %) 0 (0.0 %)
Anti-Scl70 Ab (+), number (%) 9 (2647 %) n/a
Interstitial pulmonary fibrosis, number (%) 14 (41.18 %) n/a
Secondary Raynaud syndrome, number (%) 33 (97.05%) n/a
Capillaroscopy — scleroderma pattern 33 (97.05%) n/a
Capillaroscopy — early phase, number (%) 12 (35.29%) n/a
Capillaroscopy — active phase, number (%) 10 (29.41%) n/a
Capillaroscopy — late phase, number (%) 11 (32.35%) n/a
Corticosteroids intake, number (%) 14 (41.18%) n/a
DMARD intake, number (%) 32 (94.12 %) n/a

Ab: antibody; ANA: antinuclear antibodies; anti-Scl70 Ab: anti-topoisomerase I antibodies; DMARD:
disease modifying anti-rheumatic drug; HCs: healthy controls; n/a: not applicable; SSc: systemic sclerosis.

were performed in triplicates and the
mean Ct values were calculated.

Laboratory and clinical

measurements

Immunological profile was determined
by measurement of the titer of anti-
nuclear antibodies (ANA) by ELISA
method, anti-extractable nuclear an-
tigen antibodies (ENA) and levels of
complement components — C3 and
C4. Testing for ENA was performed
by using ANA immunoblot including
IgG antibodies against 15 extractable
nuclear antigens - Ul ribonucleopro-
tein/Smith protein (nRNP/Sm), Sm,
Robert-Antigen 52 and 60/Sjogren’s A
(Ro60 and R052/SSA), Lane-Antigen/
Sjogren’s B (La/SSB), topoisomerase |
(Scl70), PM/Scl, histidyl-transfer RNA
synthetase (Jo-1), centromere protein
B (CENP-B), proliferating cell nucle-
ar antigen (PCNA), double-stranded
DNA (dsDNA), Nucleosomes, His-
tones, Ribosomal P-protein, Mi-2
(Euroline 3, Euroimmun®, Germany).
Laboratory activity was measured by
elevated acute phase reactants (eryth-
rocyte sedimentation rate - ESR, C-
reactive protein - CRP). The frequency
of concomitant Raynaud syndrome
was determined and nailfold capilla-
roscopy by two independent examin-
ers was performed in order to exam-
ine the morphological changes in the
nailfold capillaries. The classification
of “scleroderma”-type capillaroscopic
changes which includes three stages —

early, active and late, was used for the
description and the analysis (22).

Statistical analysis

Statistical analysis was performed us-
ing SPSS Statistics v. 20.0. The Stu-
dent’s t-test and the Spearman’s rank
correlation coefficient were used for
comparison and estimation of corre-
lations between miRNA expression
levels and clinico-pathological charac-
teristics such as age, disease duration,
immunological parameters, presence
of secondary Raynaud syndrome, nail-
fold capillaroscopic pattern, presence
of interstitial lung diseases as well as
treatment with disease-modifying anti-
rheumatic drugs (DMARDs). Receiver
operating curve (ROC) analysis was
performed for evaluation of specificity
and sensitivity of serum miRNA ex-
pression levels for discriminating SSc
patients from HCs. Diagnostic accuracy
for combination of biomarkers was also
determined by calculating weight coef-
ficients for every biomarker obtaining
the largest possible area under the curve
(AUC) in ROC analysis. Calculation of
coefficients was performed according
to Pepe and Thomson (23). Two-tailed
p-values were taken into account.

Results

Relative miRNA expression levels in
serum samples of SSc patients were ob-
tained by using cel-miR-39 exogenous
and RNUG6B endogenous controls as
reference gene for normalisation as de-
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Fig. 1. Serum miRNA expression in SSc patients compared to HCs. Box plots for normalised expres-
sion of the studied miRNAs in SSc patients and controls are shown in the upper part.

A. miR-21 B. miR-29a C. miR-21, miR-29a
{ {
i, LD
AUC=0.634 AUC=0.605 ~AUC=0.714 |
AUC: area under the curve; HCs: healthy controls; miRNAs: microribonucleic acids; ROC:
receiver operating curve; SSc: systemic sclerosis.

Fig. 2. ROC curve analysis for determination the specificity and sensitivity of the studied miRNA in

the serum for discriminating SSc patients from HCs.

Table II. Receiver operating curve (ROC) curve analysis by using miRNAs in serum to

differentiate SSc patients from HCs.

Serum miRNA SSc vs HCs AUC (95 % CI) p-value Se (%) Sp (%)
miR-21 0.634 (0.479+0.790) 0.147 64.70 64.30
miR-29a 0.605 (0.420+0.790) 0.257 64.30 52.90
miR-21 and miR-29a 0.714 (0.569+0.860) 0.021 79.40 42.90

AUC: area under the curve; HCs: healthy controls; miR: microribonucleic acid; Se: sensitivity; SSc:

systemic sclerosis; Sp: specificity.

scribed in detail below and HCs as cali-
brator samples. Relative quantification
(RQ) values were calculated by the 2-44¢
method for evaluation of the expression
levels where RQ values between 0.500
and 1.999 mean no significant differ-
ence in expression, values < 0.499 mean
decreased expression and values =2.00
mean increased expression.

Clinical and Experimental Rheumatology 2023

Expression level of miR-21 in serum
When using a cel-miR-39 exogenous
control for normalisation levels of
miR-21 were overexpressed in 50% of
the SSc patients compared to the HCs
(Fig. 1)

When an endogenous RNU6B control
was used for normalisation, levels of
miR-21 were overexpressed in 52.94

% of the SSc patients when compared
to the HCs (Fig. 1).

The mean Ct value for RNU6B in the
examined patients’ samples was 35.52
and, in the HCs 34.07, while for cel-
miR-39 the mean Ct value was 31.44
and 30.64 for the SSc and HCs sam-
ples, respectively. In some of the sam-
ples, Ct values of RNU6B were higher
than 39, which means that RNU6B is
at very low concentration in the serum
and could not serve as a reliable nor-
malisation control. The Ct values of
cel-miR-39 were lower compared to
these of RNUG6B in all samples and in
the followed analysis we used only cel-
miR-39 as a reference control.

Expression level of miR-29a in serum
Levels of miR-29a were downregu-
lated in 44.12% of the serum of SSc
patients when compared to HCs when
using cel-miR-39 as a reference control
for normalisation (Fig. 1)

Diagnostic value of analysed

miRNA for discriminating patients
with SSc from HCs

The ROC curve analysis showed that
the expression levels of miR-21 could
not discriminate SSc patients from
HCs with AUC=0.634 (95% CI =
0.479+0.790, p=0.147), with 64.7%
sensitivity and 64.3% specificity. The
AUC for miR-29a was AUC=0.605
(95%C1 0.420+0.790) with 64.3%
sensitivity and 52.9% specificity but
did not reach statistical significance
(p=0.257). The diagnostic accuracy did
improve when combination of the stud-
ied miRNAs was used in the multima-
rker ROC curve analysis AUC=0.714
(95%C1 0.569+0.860, p=0.021), 79.4%
sensitivity and 42.9% specificity (Fig.
2, Table II).

Clinical and laboratory parameters

and serum miRNA expression levels

Serum levels of miR-21 in SSc pa-
tients correlated with haemoglobin lev-
els (Spearman correlation coefficient
was 0.448, p=0.008), the presence of
thrombocytosis or thrombocytopenia
(Spearman correlation coefficient was
0.463, p=0.006). Serum levels of miR-
29a correlated with the serum levels
of miR-21 (Spearman correlation co-
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efficient was 0.517, p=0.00017), and
the presence of anti-Scl70 antibodies
(Spearman correlation coefficient was
0.438, p=0.010). We didn’t find a cor-
relation between serum levels of miR-
21 and miR-29a with the disease dura-
tion, organ involvement, capillaroscop-
ic pattern or treatment with DMARD:s.
There was a positive correlation be-
tween the capillaroscopic pattern and
the disease duration (Spearman corre-
lation coefficient was 0.447, p=0.008)
and the presence of pulmonary fibrosis
(Spearman correlation coefficient was
0.514, p=0.002).

Discussion

SSc is an autoimmune disease with
an unknown pathogenesis and limited
therapeutic options. The disease leads
to skin and internal organ fibrosis,
vasculopathy and immunological al-
terations related to poor prognosis and
high mortality risk. Thus, biomarkers
related to early diagnosis, disease pro-
gression and therapeutic response pre-
diction are needed (24-26). Due to their
stability and no known postprocessing
modifications as well as the simple and
reliable detection miRNA could serve
as promising novel non-invasive bio-
markers in the clinical practice. Extra-
cellular miRNAs in serum and plasma
as a reliable source of miRNAs have
generated much interest in the analy-
sis of miRNA expression as a potential
non-invasive biomarker in variety of
diseases including SSc (27). Several
studies have found a deregulated ex-
pression of miRNAs in the circulation
as well as in disease-specific tissues in
SSc patients compared to HCs proving
the usefulness of miRNA as potential
biomarkers for diagnosis and severity
in the clinical practice as well as poten-
tial future therapeutic targets. miRNA
alterations have been reported to be re-
lated to SSc itself, to disease manifes-
tations or to immunological alterations
(28-30).

To evaluate the diagnostic potential of
miRNAs in SSc we analysed expres-
sion values of two chosen miRNAs
in serum of patients with SSc patients
and HCs. Systemic expression levels
of miR-21 and miR-29a in SSc was
analysed in regard to their use as diag-
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nostic biomarkers in the clinical prac-
tice. miR-21 and miR-29a was selected
among others due to their participation
in the fibrotic process and the literature
data about their expression profiles in
SSc patients. miR-21 plays a role in
fibrogenesis and thus its expression
in tissues and cells related to SSc is
of great interest. Altered expression of
miR-29 has been linked in several stud-
ies to tissue fibrosis and thus miR-29 is
one of the most studied miRNA in SSc
(13,20).

Although the increased and the de-
creased serum expression of miR-21
and miR-29a in SSc patients compared
to HCs, respectively, couldn’t reach
statistical significance in our study we
found that the combination of the two
studied miRNAs increases the diag-
nostic accuracy in comparison to their
separate use for distinguishing SSc pa-
tients from controls.

Altered expression of miR-21-5p has
previously been reported in the circula-
tion or tissue specific lesions of SSc pa-
tients. Dirk et al. detected elevated lev-
els of miR-21 in the plasma of patients
with SSc-associated pulmonary arterial
hypertension (SSc-APAH) compared
to SSc patients without PAH. In addi-
tion, the combination of miR-20-5p or
miR-203a-3b with miR-21-5b has been
found to have the strongest differen-
tiation accuracy between the patients’
groups (29). Similar to our study, the
multimarker analysis showed bet-
ter diagnostic accuracy than a single
miRNA expression profile. Zhou et al.
found increased levels of miR-21 in
skin tissues from SSc (31). Maurer et
al. found a significant downregulation
of miR-29a in SSc fibroblasts and skin
tissues compared to HCs (14). Similar
to that, miR-21 was upregulated and
miR-29a was downregulated in der-
mal fibroblasts of patients with diffuse
cutaneous SSc (dcSSc) and TGF-p
treated fibroblasts which correlated
with the expression alterations of the
both miRNAs in our study (32). Addi-
tionally, miR-29a downregulation has
been reported in hair samples from SSc
patients compared to the control group
and healthy controls and Kawashita
et al. found a significant correlation
between the reduced serum levels of

miR-29a in SSc patients and the higher
right ventricular systolic pressure com-
pared to patients with normal miR-29a
levels (33, 34). In contrast Wajda et
al. found that the serum expression of
miR-29a was significantly higher only
in 1SSc patient when compared to HCs
(35). A possible reason for the different
miRNA expression among the patients
and different studies could be due to
the heterogeneity of the analysed group
in regard to disease subtype, limited or
diffuse SSc, disease duration, severity,
autoimmunity and ongoing treatment.
Altered miRNA expression in SSc have
been found to correlated with immu-
nological parameters. Plasma levels of
miR-29a differ among patients with
limited SSc and presence of anticen-
tromere antibodies (ACA) compared to
anti-Ul ribonucleoprotein (RNP) anti-
bodies (36). We also aimed to study the
correlations between miRNA expres-
sion levels in the serum with clinical
parameters in SSc and found a good
correlation between the serum expres-
sion level of miR-29a with the presence
of anti-Scl70 antibodies as well as with
the serum levels of miR-21.

According to the literature there are
different miRNAs that could be used
as endogenous or exogenous reference
controls (37-39). In our study we tested
two miRNAs as reference controls and
found out that for expression analysis
of miR-21 and miR-29a in the serum
cel-miR-39 is a more reliable normali-
sation control.

This study has some limitations. miR-
NAs expression profile in the serum
has been evaluated in a limited num-
ber of patients which could interfere
with the interpretation of the results.
Second, evaluating the expression of
specific miRNAs at a specific disease
state might miss the dynamically mod-
ulated miRNAs and be a limitation for
conclusions regarding correlations be-
tween miRNA expression and disease
valuables like disease duration or treat-
ment response. This indicates the need
of larger studies to confirm our results
in the clinical practice.

Conclusion

Both clinical and experimental stud-
ies have shown that the altered miRNA
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expression in the circulation or tissues
is related to the immune activation and
development of vasculopathy and fi-
brosis in SSc. We tested two miRNAs
with pro- and anti-fibrotic properties,
respectively, and found out that their
combined multimarker analysis could
serve as a potential biomarker to dif-
ferentiate SSc patients from HCs in the
clinical practice. Larger studies includ-
ing patients with both limited and dif-
fuse SSc as well as on different disease
stages are needed to confirm the diag-
nostic utility of the studied miRNAs in
SSc.
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