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Summary

Objective. Systemic sclerosis (SSc) is a multisystem autoim-
mune disease of heterogeneous pathogenesis, including vascular,
immunologic, genetic, epigenetic, and environmental factors.
Progressive fibrosis is the hallmark of SSc. Intense research has
been conducted to unveil new tools for early diagnosis and man-
agement, thus reducing morbidity and mortality. miR-21 has
recently been considered to play an important role in the fibrosis of
SSc. The objective of this study was to evaluate miR-21 levels in
SSc patients and study its correlation to the extent of skin fibrosis
and association with various clinical characteristics.

Methods. A total of 25 patients with SSc who fulfilled the
American College of Rheumatology/European Alliance of
Associations for Rheumatology 2013 classification criteria, as well
as 25 controls, were enrolled in a cross-sectional study. The extent
of skin fibrosis was evaluated using the modified Rodnan skin
score, and disease severity was assessed using the Medsger sever-
ity score. The levels of miR-21 were measured by quantitative
real-time polymerase chain reaction. The 2-AACt method was used
for analysis. SSc patients affected by diabetes mellitus, hyperten-
sion, renal impairment, heart disease, malignancy, other autoim-
mune diseases, or a history of serious acute infection within 6
weeks were excluded.

Results. There was a high statistically significant difference in
miR-21 levels between cases and controls (p<0.001). At a cut-off
level of 2.55, miR21 could discriminate between SSc patients and
controls with sensitivity 92% and specificity 100%. There was no
significant correlation between miR-21 levels and the degree of
skin fibrosis. There was a significant positive association between
miR-21 levels and the presence of arthritis in SSc patients
(p=0.007).

Conclusions. miR-21 was suggested as a robust diagnostic bio-
marker in SSc with superiority over the traditionally utilized anti-
bodies. Additionally, due to its association with arthritis, it is sup-
posed to play a proinflammatory role in addition to its pronounced
profibrotic effects. Interestingly, the profibrotic miR-21 may not
reflect the extent of skin fibrosis.

[Reumatismo - The Italian Journal of Rheumatology 2025; 77:1773]

Introduction

Systemic sclerosis (SSc) exhibits a spectrum of variable and
heterogeneous clinical presentations. Progressive skin fibrosis is
the hallmark of SSc, followed by Raynaud’s phenomenon and vis-
ceral organ involvement (1). The current classification categorizes
SSc based on the extent of skin tightness into limited, diffuse, and
sine scleroderma, which is not satisfactory due to significant over-
lap in the clinical characteristics across these subtypes, including
pulmonary hypertension, interstitial lung disease, joint or renal
involvement. Over the past decade, physicians have encountered
substantial challenges in the diagnosis and management of SSc
patients. The classification criteria were revised in 2013, achieving
a sensitivity of 0.91 and a specificity of 0.92 (2). However, its
reliance on specific clinical features may lead to misclassification
of atypical cases. Furthermore, the 2013 classification criteria for
SSc have limited utility in accurately identifying certain SSc sub-
sets and distinguishing them from SSc-mimicking conditions,
thereby increasing the likelihood of misclassification due to over-
lapping clinical characteristics. There was an emerging proposal to
sort SSc patients according to the underlying pathogenesis into
inflammatory, fibrotic, and near normal (3). However, whatever
the underlying pathogenic process, all pathways ultimately culmi-
nate in fibrosis. Currently, no validated diagnostic test exists to
definitely confirm or rule out SSc. The antibodies utilized for the
classification of SSc patients exhibit limited sensitivity and speci-
ficity and often present with overlapping clinical associations:
anti-scleroderma 70 (sensitivity 40%, specificity 83%), anti-cen-
tromere antibodies (sensitivity 57%, specificity 83%), and anti-
RNA polymerase III antibodies (sensitivity 20%, specificity
98.8%) (4, 5). A meta-analysis uncovered inadequacy of the con-
ventional clinical evaluation and standard laboratory tests as out-
come measures in therapeutic trials for SSc (6). In contrast with
other connective tissue diseases, e.g., theumatoid arthritis or sys-
temic lupus erythematosus (SLE), SSc lacks a reliable activity
score and well-defined therapeutic targets. Early SSc is rather
more challenging regarding diagnosis, follow-up, or the possibility
of reversing underlying inflammation. It has recently been pro-
posed that SSc is a vascular disease with an initial endothelial
injury that leads to endothelial cell activation, proliferation, and
angiogenesis formation. Abnormally proliferating endothelial cells
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attract mononuclear cells, which produce many cytokines, autoan-

tibodies, and growth factors. Transforming growth factor  (TGF-

B) is the most important cytokine that mediates fibroblast differen-

tiation into myofibroblast and proliferation and production of

extracellular matrix (7). Numerous connections between fibrosis,
autoimmunity, and vasculopathy have been proposed, including
epigenetic phenomena that have been recently described as an

intriguing contributor in the fibrotic process (8).

MicroRNAs (miRs) are short non-coding RNAs, one of the
epigenetic phenomena that affect gene expression (9). They play a
key role in many biological processes through the regulation of
post-translational gene expression (10). Abnormal expression of
miRs was reported in different autoimmune diseases as inflamma-
tory bowel disease (11, 12), psoriasis (13), multiple sclerosis (14,
15), theumatoid arthritis (16, 17), and SLE (18, 19).

In SSc, the expression levels of miRs are involved in the
underlying mechanisms of fibrosis. Upregulation of certain miRs
mostly inhibits antifibrotic genes, while downregulation of other
miRs serves as inhibitory miRs for antifibrotic genes (20). miR-21
expression levels are found to be significantly elevated in SSc
patients, suggesting its profibrotic role.

The role of miR-21 in the underlying mechanisms of fibrosis
in SSc includes:

i. TGF-B/smad (drosophila mothers against decapentaplegic pro-
tein) signaling pathway: TGF-f, the main mediator of fibrosis,
acts positively by activation of downstream genes (Smad?2,
Smad3), which control miR-21 maturation, and negatively by
its inhibitor factor, Smad7 (21, 22). Smad7, the recognized
antagonist of the TGF-f profibrotic effect, is strongly induced
by it through the feedback loop mechanism. TGF-f induces
overexpression of miR-21 levels, which target Smad7 directly.
Smad7 downregulation releases the feedback inhibition on
TGF-B and leads to heightened TGF-f signaling, thus uncon-
trollable fibrosis and extracellular matrix deposition (23);

ii. B-cell lymphoma 2 (BCL-2): miR-21 controls the rate of apop-
tosis in fibroblasts by increasing the expression levels of BCL-
2, which is considered to be an inhibitor of the apoptotic
process. The lower susceptibility of fibroblasts to apoptosis is
considered the main driver of the underlying fibrotic process in
SSc (21);

iii. protein sprouty homolog 1 (SPRY1): miR-21 also inhibits
SPRY1, a recognized antagonist of fibroblast proliferation.
SPRY'1 achieves its inhibitory role on fibroblasts by blocking
extracellular receptor kinase (ERK) and mitogen-activated pro-
tein kinase (MAPK), two pathways implicated in fibroblast pro-
liferation. miR-21 inhibits the ERK and MAPK pathways in an
indirect manner, resulting in an increase in fibroblasts (24);

iv. the phosphatase and tensin homolog (PTEN) gene: miR-21
also mediates fibroblast differentiation through regulation of
the expression of the PTEN gene. PTEN is a well-known
inhibitor of epithelial to mesenchymal differentiation and is
targeted and inhibited by miR-21 (25).

Experimental studies were conducted to thoroughly investi-
gate miR-21 in SSc. Applying serum of SSc patients on normal
fibroblast for 48 hours resulted in increased expression of miR-
21 alongside fibrosis-related genes (26). Overexpression of miR-
21 increased production of collagen I and promoted lung fibrosis
(27, 28). Conversely, anti-miR-21 decreased dermal thickness,
alleviated collagen deposition, and decreased the number of
cytokine-producing cells in skin and lung tissues (28). These
findings highlight that silencing miR-21 may have beneficial
effects in mitigating fibrosis and associated inflammation in SSc.

Emerging questions have been raised about whether the contri-

OPEN aACCESS

Article

bution of miR21 to SSc pathogenesis can be translated into a mean-
ingful tool for diagnosis, monitoring, or predicting response to treat-
ment. Moreover, it raises the possibility of miR-21 being utilized as
a parameter to assess patient eligibility for antifibrotic therapies.
This study aimed to investigate the potential of miR-21 to differen-
tiate between SSc patients and healthy individuals, determine the
cut-off levels for diagnosis, sensitivity, and specificity, and explore
its associations with various clinical presentations. Additionally, we
intended to assess the clinical implications of the profibrotic proper-
ties of miR21, which has been demonstrated in previous bench stud-
ies, as compared to the modified Rodnan skin score (mRSS).

Materials and Methods

A total of 25 Egyptian patients with SSc who fulfilled the
American College of Rheumatology/European League Against
Rheumatism criteria for the classification of SSc (2013), as well as
25 age and sex matched healthy Egyptian controls, were enrolled
in this study. All patients were recruited from the outpatient
Rheumatology and Clinical Immunology Clinic of the Internal
Medicine Department, as well as the inpatient Internal Medicine
Department of Kasr Al-Ainy Hospital, Cairo University and the
outpatient clinic, Newgiza University (NGU). SSc patients affect-
ed by diabetes mellitus, hypertension, renal impairment, coronary
heart disease, malignant tumors, other autoimmune diseases, or a
history of serious acute infection within 6 weeks of admission
were excluded from the study. Patients were subjected to thorough
history taking, complete physical examination with special empha-
sis on SSc findings (e.g., digital ulcers, pitting scars, calcinosis,
tightening of the skin) as well as laboratory investigations includ-
ing ESR, complete blood count, liver, kidney function tests, and
immunological profile (anti-nuclear antibody by immunofluores-
cence, antiscleroderma-70). Early SSc was defined as 0-3 years
since diagnosis (2).

Ethical committee approval

Ethical approval was obtained from the Internal Medicine
Departments, Faculty of Medicine, New Giza University (N-17-
2023) and Cairo University. All individual participants included in
the study gave written informed consent. All procedures carried
out in this study involving human subjects were in line with the
institutional and/or national research committee’s ethical standards
and with the Helsinki Declaration of 1964 and its subsequent
amendments or equivalent ethical standards.

Assessment of skin fibrosis

The degree of skin involvement was evaluated using the mod-
ified mRSS (range 0-51) (29). Assessment of skin thickness was
done by one operator with 2 years of experience using the two
thumbs to form a skin fold between advancing lateral thumb bor-
ders. Scoring of each cutaneous area was done out of 17 areas.

Assessment of disease severity

Disease severity was assessed using the Medsger severity
score (30). Significant peripheral vascular disease was defined by
a Medsger score >2 (0 = no Raynaud’s or presence of Raynaud’s
not requiring vasodilators; 1 = Raynaud’s requiring vasodilators; 2
= digital pitting scars; 3 = digital tip ulcers; 4 = digital gangrene).
Significant skin involvement was defined by a Medsger score >2
(0=mRSS=0; 1=mRSS=1-14; 2=mRSS=15-29; 3=mRSS=30-39;
4=mRSS>40).

[Reumatismo - The Italian Journal of Rheumatology 2025; 77:1773]
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MicroRNA extraction

Detection of miR-21 by quantitative real-time polymerase
chain reaction (QRT-PCR): venous blood (5 mL) was taken from
the patient and control and divided into two parts; a portion of the
blood (3 mL) was allowed to clot and then centrifuged at 8000 xg
for 5 minutes to separate the serum, which was kept frozen at -
80°C till used for miR analysis. The second portion of the blood
(2 mL) was collected in ethylenediaminetetraacetic acid vacu-
tainer tubes and stored at -80°C until the DNA extraction for
genotyping.

miRs were extracted from the serum samples using the mir-
vana kit USA. miRs additive (100 uL) was added to the samples
(200 pL) and mixed well by inverting the tube several times. The
mixture was left on ice for 10 minutes. In this step, chloroform
equal to the initial volume of lysate was used. The samples were
vortexed for 30-60 seconds to mix, then centrifuged at room tem-
perature for 5 minutes at maximum speed (10,000 xg) to separate
the aqueous and organic phases. After centrifugation, the inter-
phase was compacted. The aqueous (upper) phase was carefully
removed without disturbing the lower phase and was then trans-
ferred to a fresh tube. At the end of this procedure, RNA was elut-
ed in nuclease-free water.

The procedure of microRNA purification

The previously prepared sample was inserted into the spin
cartridge in a collection tube. It was centrifuged at 12,000 xg for
1 minute. Ethanol (100%) was added to the flow and mixed well
by vortex. 700 pL was transferred to another spin cartridge in a
collection tube and centrifuged at 12,000 xg for 1 minute, so the
small RNA molecules bind to the spin cartridge, and the flow-
through was discarded. The spin cartridge was washed with 500
uL ethanol wash buffer, centrifuged at 12,000 xg for 1 minute,
and the flow-through was discarded. The wash step was repeated
once with 500 pL wash buffer. The collection tube was discarded,
and the spin cartridge was placed in a wash tube supplied with
the kit. The spin cartridge was centrifuged at maximum speed for
1 minute to remove any residual wash buffer. It was then placed
in a 1.7 mL clean recovery tube supplied with the kit. The miR
was eluted with 50 pL sterile RNase-free water supplied with the
kit. The cartridge was incubated at room temperature for I
minute, then centrifuged at maximum speed for 1 minute to elute
miR. The recovery tube contained small RNA molecules, and the
spin cartridge was discarded. The purified miR was stored at -
80°C.

Assessment of quality and concentration of iso-
lated RNA

The nanodrop spectrophotometer was used to measure the
absorbance of isolated RNA at 260 nm, 280 nm, and 230 nm.
Absorbent at 260 nm was used to measure the amount of nucleic
acid in the sample. Aromatic amino acids absorb light at 280 nm,
so absorbance measurements were used at that wavelength to
estimate the amount of protein in the sample. Measurements at
230 nm were used to quantify other contaminants that may be
present in the samples, such as guanidine thiocyanate, which is
commonly used in nucleic acid purification kits. To estimate the
purity of nucleic acids, the ratio of the absorbance contributed by
the nucleic acid to the absorbance of the contaminants was calcu-
lated. The acceptable purity ratio is 1.8-2.2, while the require-
ments of A260/A230 are generally >1.7.

[Reumatismo - The Italian Journal of Rheumatology 2025; 77:1773]
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Detection and quantification of the amplified
microRNA using quantitative real-time
polymerase chain reaction

Quantification using the TagMan MicroRNA Assays
(Applied Biosystems, Thermo Fisher Scientific, Waltham, MA,
USA) was done by two-step reverse transcription (RT)-PCR. In
the RT step, cDNA is reverse transcribed from total RNA samples
using specific miR primers from the TagMan MicroRNA Assays
and reagents from the TagMan MicroRNA Reverse Transcription
Kit (Applied Biosystems, Thermo Fisher Scientific, Waltham,
MA, USA). In the PCR step, PCR products were amplified from
cDNA samples using the TagMan MicroRNA Assay together
with the TagMan Universal PCR Master Mix (Applied
Biosystems, Thermo Fisher Scientific, Waltham, MA, USA).
Each TagMan assay included one tube of miR-specific RT primer
and one tube of a mix of MicroRNA-specific forward PCR
primer, specific reverse PCR primer, and MicroRNA-specific
TagMan MGB probes. The TagMan MGB probes contained a
reporter dye (FAM™ dye) linked to the 5’end of the probe, an
amin or groove binder, and a non-fluorescent quencher at the
3’end of the probe.

The process of synthesis of single-stranded cDNA from total
RNA samples using the TagMan MicroRNA RT Kit involved
preparing the RT master mix, preparing the RT reaction plate, and
performing RT.

Polymerase chain reaction amplification

During the target amplification step, the AmpliTaq Gold
DNA polymerase (Applied Biosystems, Thermo Fisher
Scientific, Waltham, MA, USA) amplifies the target cDNA syn-
thesized from the RNA sample, using the sequence-specific
primers from the TagMan Assay Plates. Performing the PCR step
required preparing the reaction plate, setting the plate document,
and running the plate.

Polymerase chain reaction

Amplification of cDNA was carried out on a step-one real-
time PCR System (Applied Biosystems, Waltham, MA, USA). It
was held at 50°C for 2 minutes with an initial step of enzyme
activation at 94°C for 10 minutes, followed by 40 cycles of
denaturation at 95°C for 15 seconds, annealing, and extension at
60°C for 60 seconds.

Data analysis (normalization method)

It was done by relative quantification (Rq), which describes
the change in the expression of the target gene relative to a refer-
ence group, such as a healthy control, using the 2-AACT method.
The AACT is calculated by subtracting the ACT of the patient
sample from a control. Fold change (FC) is calculated by raising
2 to the power of the negativeAACT value, with the following
equation [Eq. 1]:

ACT = CT (microRNA of interest) - CT (endogenous control)
AACT= ACT (patient) - ACT (control)
FC (or Rq) = 2-AACT [Eq. 1]

Using the 2-AACT method, the data is presented as the fold
change in miR expression normalized to an endogenous control
and relative to healthy controls.

Statistical methodology

The data were coded and entered using the statistical package
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for the Social Sciences (SPSS) version 25 (IBM Corp., Armonk,
NY, USA). Comparisons between quantitative variables were done
using the Mann-Whitney non-parametric test, as data were not nor-
mally distributed. A Chi-square () test was used to compare the
categorical data. The Exact test was used instead when the expected
frequency was less than 5. Correlation between quantitative vari-
ables was performed using the Spearman correlation coefficient. A
p-value less than 0.05 was considered statistically significant.

Results

A total of 25 patients with SSc and 25 age- and sex-matched
healthy controls (p=0.28, p=0.22, respectively) were recruited in
this study from Kasr Alainy hospital, Cairo University. Their clin-
ical laboratory data and treatment are summarized in
Supplementary Table 1. A total of 20 patients were females (80%).
The participants in this study were 18 to 60 years old, with a mean
age of 35.36+10.24 years. The duration of SSc ranged from 3 to
240 months, with a mean of 54.12+54.32 months. The control
group mean age was 32.5+7.77 years; 15 participants were women
(60%).

Levels of miR-21 in the cases and control groups

In this study, miR-21 levels were significantly higher in the
SSc group compared to the control group (p<0.001). SSc patients
exhibited miR-21 levels ranging from 1.90 to 17.50 with a mean of
7.67+4.59, while the control group had levels ranging from 0.73 to
2.40 with a mean of 1.27+0.46 (Figure 1). At a cut-off level of
2.55, miR21 could efficiently discriminate between SSc patients
and the control group with an area under the curve of 0.99, sensi-
tivity 92% and specificity 100% (Figure 2). There was no signifi-
cant correlation between miR21 expression levels, and the degree
of skin fibrosis as assessed by mRSS (p=0.845) (Figure 3).
Notably, miR21 was significantly associated with the presence of
arthritis in SSc patients (p=0.007) (Table 1). There was no signifi-
cant correlation between miR21 levels and ESR (r=0.251,
p=0.273).

There was no statistically significant correlation between
miR21 levels, the age of the patients (p=0.94), or the duration of
the disease (p=0.51). There was no statistically significant asso-
ciation between miR21 levels and smoking, Raynaud’s phenom-
enon, telangiectasia, digital ulcers, pitting scars, presence of
puffy hands at the beginning of their illness, dysphagia, or pres-
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Figure 1. The box plot shows the difference in miR-21 expression
levels between the systemic sclerosis and control groups. SSc, sys-
temic sclerosis.
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Figure 2. Receiver operating characteristic curve for the detection
of systemic sclerosis using miR-21 expression levels. AUC, area
under the curve; CI, confidence interval.
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Figure 3. The line plot shows the correlation between miR-21 expression levels and modified Rodnan Skin Score (mRSS).
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ence of interstitial lung disease (Supplementary Table 2). There
was no statistically significant association between the levels of
miR21 and all the following: mucocutaneous manifestations, sig-
nificant peripheral vascular disease, or significant skin involve-
ment by Medsger disease severity score, intake of steroids or
vasodilator medications (Supplementary Table 2). SSc patients
were divided into three subgroups: limited SSc, diffuse SSc, and
sine scleroderma. No statistically significant differences were
observed in miR-21 levels between them. Subsequently, patients
were categorized based on disease duration as early-stage and
late-stage. Similarly, miR-21 levels did not exhibit significant
variance between these two categories.

Discussion and Conclusions

Epigenetic phenomena are recently getting the attention of
researchers. miR-21 is one of the epigenetic phenomena that plays
a pivotal role in the pathogenesis and fibrosis in SSc.

In this study, the authors reported that miR-21 levels were sig-
nificantly higher in SSc patients compared to controls. This finding
aligns with previous studies reporting upregulation in miR expres-
sion in serum, plasma, or skin samples of SSc patients (21, 26, 27,
31, 32). Wermuth et al. reported that miR-21 content of exosomes
isolated from SSc patients was also significantly elevated com-
pared to normal serum (33). A meta-analysis identified miR-21 as
one of the most consistently differentially expressed miRs in SSc
(20). Based on these findings, miR-21 was suggested as a robust
diagnostic tool in SSc. Elevated miR-21 levels may help clinicians
identify SSc in patients presenting with symptoms.

The cut-off level of miR-21 in the recruited SSc patients was
2.55 with a specificity of 100% and a sensitivity of 92%. A recently
calculated cut-off level of miR-21 in SSc was 2.54 with a sensitiv-
ity of 70.5% and a specificity of 100% (32). The similarity of the
cut-off values underscores the strong consistencies of the diagnos-
tic threshold of miR21 across different studies. The excellent per-
formance of miR21 makes it superior compared to the traditionally
used antibodies: anti-scleroderma 70 (sensitivity 40%, specificity
83%), anti-centromere antibodies (sensitivity 57%, specificity
83%), and anti-RNA polymerase III antibodies (sensitivity 20%,
specificity 98.8%). This reinforces the reliability of miR21 as a
biomarker for SSc. However, when studied in the context of SLE,
the established cut-off level to discriminate patients from healthy
individuals was determined to be greater than 2.67 with a specifici-
ty of 70% and sensitivity of 64.3% (34). The similarity between the
cut-off value of miR-21 in SSc and SLE may be due to shared
autoimmunity and a high degree of overlap between genetic risk
factors for SSc and those for other autoimmune diseases, thus a
possible overlap with epigenetic factors between autoimmune dis-
eases (35).

We found no correlation between miR-21 levels and mRSS.
This was in agreement with a previous report on 50 SSc patients
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(32). The unexpected lack of correlation between the profibrotic
miR-21 and mRSS suggests that miR-21 may not directly reflect
the extent of skin fibrosis. It may be potentially contributing to the
underlying pathogenic mechanisms of fibrosis without necessarily
correlating with clinical fibrosis. Another suggestion is the limita-
tion of mRSS to capture the subtle changes of skin involvement in
SSc, in addition to the encountered inaccuracy of mRSS in edema-
tous or atrophic phases of SSc. There are rising efforts to standard-
ize skin examination by ultrasonography and elastography in SSc
(36), which may offer a more objective tool for assessment of skin
fibrosis, e.g., assessment of dermal and epidermal thickness,
echogenicity, and degree of stiffness.

Notably, an association between miR-21 levels and the pres-
ence of arthritis was seen. This finding represents the first report
linking miR-21 to inflammatory arthritis in SSc patients. A recent
study demonstrated the correlation of miR21 expression to disease
activity score in rheumatoid arthritis patients (37). Additionally,
miR21 has been found to be associated with tenosynovitis in pso-
riatic arthritis patients (38). On the other hand, miR-21 levels were
not associated with arthritis in SLE patients (39). miR-21 was
found to be implicated in inflammatory arthritis by modulating the
balance between regulatory T cells and T helper 17 cells (17).
Additionally, inflammatory cytokines such as interleukin (IL)-6
and IL-21 can enhance miR-21 transcription by acting on signal
transducer and activator of transcription 3 (40). Furthermore, miR-
21 activates the NF-kB pathway, which in turn accelerates the pro-
liferation of fibroblast-like synoviocytes (41). Advanced research
work is required to thoroughly investigate the possible proinflam-
matory role of miR21 in SSc.

In this study, miR-21 expression levels were not associated
with the presence of pitting scars, oral ulcers, malar rash, alopecia,
digital ulcers, telangiectasia, or interstitial lung disease. These
results align with those of Koba et al., where miR-21 levels were
not significantly associated with clinical or laboratory parameters
of SSc patients (42).

miR-21 was not previously studied in interstitial lung diseases
associated with SSc. Most studies investigating miR-21 have uti-
lized bleomycin-treated models to evaluate its profibrotic effects in
comparison to idiopathic pulmonary fibrosis. A meta-analysis con-
cluded that miR-21 was one of the overlapping upregulated miRs
between SSc and idiopathic pulmonary fibrosis (43). These find-
ings highlight the questionable reflection of miR-21 on the clinical
presentation of SSc patients.

There was no significant difference in miR-21 expression lev-
els between smokers and non-smokers. Several research groups
have shown in both human and rat cell models that exposure to cig-
arette smoke resulted in dysregulation of miR expression.
However, the exact mechanism is not fully understood (44, 45).
One study suggested that high-dose cigarette smoking can affect
miR-21 levels, yet the results in this study unveiled non-significant
upregulation of miR-21 in high-dose cigarette smoking-exposed
mice (46).

Table 1. Association of miRNA21 expression levels and the presence of arthritis in systemic sclerosis patients.

Arthritis

N Mean Median
Yes 6 12.0 10.8
No 19 6.30 4.70

miR21 expression levels

SD SE p
2.54 1.04 0.007*
4.25 0.975

N, number; SD, standard deviation; SE, standard error; *p<0.05 is significant

[Reumatismo - The Italian Journal of Rheumatology 2025; 77:1773]
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Gender was unequally represented in the enrolled patients
because SSc is predominantly represented in females (47). The
female predilection in SSc is referred to as DNA hypomethylation
through reactivation of genes by hypomethylation of typically
methylated X chromosomes of female SSc patients. In this study,
there was no relation between the miR-21 levels and gender among
SSc patients. This could be explained as miR-21 is a non-X-linked
miR. Hence, miR-21 might not show gender bias in SSc patients.

We also reported no significant association between miR-21
expression levels and age in SSc patients, in accordance with
another study (48).

In agreement with the previous report, there was no difference
between miRNA 21 levels in SSc patients who were on steroid
therapy or vasodilators and those who were not (48). However, a
possible connection has been raised between miRNA21 and corti-
costeroids: miRNA21 expression levels in RA patients who were
on corticosteroids were found to be lower (49). This could be
explained by the fact that corticosteroids inhibit NF-kB, and its
absence blocks the expression of miRNA21.

The strength of this study is that it shows that miR-21 demon-
strates superior sensitivity and specificity compared to the current
traditional biomarkers. In addition, the novel unveiled association
of miR21 with arthritis in SSc implicates its possible additional
inflammatory contribution to the pathophysiology of the discase
for further confirmatory studies.

The limitation of this study was the challenge in recruiting
patients with SSc, which has a notably low prevalence of 1.66 per
100,000 individuals in the Arab region and 17.6 per 100,000 indi-
viduals globally, resulting in a small sample size that limits gener-
alization of the findings (50, 51). Another limitation was the cross-
sectional nature of the study, which limited the ability to draw con-
clusions about the prognostic value of miR-21. Longitudinal
prospective studies are needed to better understand the relationship
between miR-21 and disease progression over time. More objec-
tive assessment tools, such as musculoskeletal and skin ultrasound,
should be utilized in comparison to miR-21 levels, rather than rely-
ing solely on clinical evaluations and the mRSS, for a more com-
prehensive analysis of the clinical implications of miR-21. More
studies are needed to clarify the association between arthritis and
miR-21 in different autoimmune diseases (SSc, SLE, rheumatoid
arthritis, and ankylosing spondylitis).
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