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Background and aims: Systemic sclerosis (SSc) is a common autoimmune disorder involving the skin, blood
vessels, and internal organs with an elusive pathophysiology. SSc is believed to be a genetically prone T-cell-
mediated autoimmune disease. miRNAs and IncRNAs were thought to be involved in the etiology of several
immunological diseases including SSc. This work aimed to assess the expression of miRNA-133, IncRNA-H19,
PKM2, and TGF-f levels in SSc in comparison to controls and their relationship to the clinical course and severity

Patients and methods: Fifty patients with SSc and 40 healthy age and sex-matched controls were included in this
study. miRNA-133 and H19 expression levels were detected using quantitative RT-PCR while serum levels of
PKM2 and TGF-p were measured using ELISA techniques. Patients’ clinical data and treatments received were
extracted and correlated with proteins investigated.

Results: Our results showed that miRNA-133 was significantly downregulated in SSc patients in comparison to
controls (Mean + SD of SSc = 0.61 + 0.22, Mean + SD of HC = 0.97 + 0.007, p = 0.003). However, there was
significant upregulation of the serum expressions of all other tested biomarkers in SSc patients in comparison to
controls; H19 (Mean + SD of SSc = 10.37 + 3.13, Mean + SD of HC = 1.01 + 0.01, p = 0.0001), PKM2 (Mean +
SD of SSc = 28.0 + 4.84, Mean + SD of HC = 16.19 + 1.32, p = 0.005) and TGF-p (Mean + SD of SSc = 150.8 +
6.36, Mean + SD of HC = 23.83 + 0.93, p = 0.0001). We also detected several correlations between serum levels
of the investigated proteins in patients with SSc.

Conclusion: Along with TGF-p, our results show that miRNA-133, H19, and PKM2 seem to be potential con-
tributors to SSc pathogenesis and could be promising biomarkers in the diagnosis of SSc patients. The IncRNA-
H19 correlations with TGF- , miRNA-133, and PKM2 suggest a possible influential effect of this RNA molecule

on the pathogenesis of SSc.

1. Introduction

Systemic sclerosis (SSc), also known as scleroderma, is an autoim-
mune disease that affects the skin, blood vessels, and internal organs,
ending in vasculopathy and fibrosis. Along with the characteristic skin
involvement, other internal organs that might be compromised include
the lungs, digestive system, heart, and kidneys [1-3]. The precise eti-
ology of SSc is still unknown [4], however, an autoimmune profile
involving both the cellular and humoral immune systems with the

development of autoantibodies, vascular alterations, and fibrosis are
characteristics of SSc [5,6].

In SSc, endothelial cell damage caused by nonspecific serum toxic
substances or T-cell derived proteolytic enzymes, endothelial cell-
directed autoantibodies, vasculotropic viruses, inflammatory cyto-
kines, oxidative stress, and environmental stress is the initial vascular
insult. Endothelial cell dysfunction results in increased expression of
endothelial adhesion molecules, altered production of vasoactive me-
diators, platelet activation, and fibrinolytic pathways. Platelets that
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have been activated emit thromboxane A2, platelet-derived growth
factor (PDGF), and TGF-, which promote vasoconstriction and
contribute to fibroblast activation and myofibroblast trans-differentia-
tion promoting fibrosis and deposition of extracellular matrix (ECM)
components such as collagen and proteoglycans [7,8].

TGF-f stimulates fibroblast terminal differentiation into myofibro-
blasts, which release more ECM components and TGF-, resulting in
tissue contraction [9]. In mesenchymal cells, TGF-f is a potent inducer of
glycolysis with the synthesis of pyruvate from glucose. A range of
cellular enzymes is involved in this process, the most significant of
which is pyruvate kinase (PK) [10,11].

The PK muscle (PKM) gene is alternatively spliced to create the
PKM1 or PKM2 isoforms [12,13]. The PKM isoform expression is regu-
lated by three heterogeneous nuclear ribonucleoproteins (hnRNPs),
polypyrimidine tract-binding protein 1 (PTBP1); also known as hnRNPI,
hnRNPA1, and hnRNPA2 [13]. Earlier research on fibroblasts and other
cell types has linked hnRNPs as miRNA downstream targets [14].

At least 30 % of protein-coding genes are synchronized by micro-
RNAs (miRNAs) [15]. miRNAs have been shown to target PTB1 with
members like miRNA-133 that are muscle-specific [16]. Downregulation
of miRNA-133 is responsible for the overexpression of TGF-p, which led
to an increase in TGF-p signaling in cardiac fibroblasts [17]. These
findings imply that miRNA-133 regulation may be involved in the
pathophysiology of SSc.

Long non-coding RNAs (IncRNAs), RNA transcripts that do not code
for proteins, are longer than 200 nucleotides. LncRNAs have been linked
to a variety of disorders, including cancer, Alzheimer’s disease, cardio-
vascular disease, diabetes mellitus, RA, and SLE [18,19]. IncRNA-H19,
which is found on chromosome 7 in mice and chromosome 11 in
humans, is an imprinted gene that is expressed solely from the maternal
allele [20,21]. H19 has been shown to interact with a range of proteins
and miRNAs via decoy, scaffold, and guide modes of action to control
genes involved in cell proliferation, migration, differentiation, and
tumorigenesis [22]. Previous research on cancer patients revealed that
H19 stimulates and activates tumor-specific PKM2, which is required for
the miRNA-675-mediated enhancement of liver cancer cell proliferation
and gene expression during carcinogenesis [23]. This shows that the
modulation of H19 expression levels is critical in the regulation of
PKM2.

On account of the intertwined relationship between miRNA-133,
IncRNA-H19, PKM2, and TGF-$ and their involvement in various im-
mune and fibrotic processes, we aimed to investigate the expression and
correlation between these biomarkers in patients with SSc and their
relationship with the clinical course and diversity of the disease.

2. Subjects and methods
2.1. Study design and participants

This case-control study incorporated 90 subjects; 50 SSc patients
diagnosed according to the criteria of the American College of Rheu-
matology/European League Against Rheumatism (ACR/EULAR) [24]
and 40 age- and sex-matched healthy controls. All patients were
recruited from the Dermatology outpatient clinic, Cairo University
Hospital. A written informed consent was obtained from all included
subjects before taking part in the study. Ethical committee approval was
obtained from the local ethical committee, Cairo hospitals, Cairo Uni-
versity "Ethical Code MD-203-2021". Any patient with associated other
connective tissue disorders was excluded from this study. Patients with
pregnancy, lactation, hormonal therapy, and any history of malignancy
or concurrent infections were also excluded.

2.2. Patients assessment

Dermatological examination and evaluation of the extent and
severity of SSc using "Subcommittee for Scleroderma Criteria of the
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American Rheumatism Association Diagnostic and Therapeutic Criteria
Committee (1980)" [25] were done for all patients. The skin thickness of
our patient group was assessed via mRSS based on palpation at 17 body
sites. A score of 0 indicates normal skin thickness, 1 mild skin thickness,
2 moderate skin thickness, and 3 severe skin thickness. The score is
calculated by summing the rating from all 17 areas (range 0-51). We
hypothesized 3 grades for the mRSS; low grade (0-5), moderate (6-15),
and high (16-51) with an inability to make skin folds between two
fingers.

2.3. Blood sample collection

A 5 ml venous blood sample from each participant was collected in
tubes. Samples were permitted to clot for 15 min and then centrifuged at
3000xg for 10 min. The serum samples were separated and stored at
—20 °C until the time of use for Molecular and ELISA techniques.

2.4. RNA extraction and complementary DNAs (cDNAs) synthesis

Total RNA was extracted by miRNeasy mini kit (Qiagen, Valencia,
CA, USA) according to the manufacturer’s instructions. Reverse tran-
scription was carried out on extracted RNA using miScript® II RT kit
(Qiagen, Germany. Cat. No. 218161) according to the manufacturer’s
instructions.

2.5. Serum miRNA-133 and H19 assay

Real-time PCR was done using miRCURY LNA SYBR® Green PCR Kits
to assess the relative expression levels of miRNA-133 (Qiagen, Germany.
YP00204788) and H19 (Qiagen, Germany. Cat. No. 330701).

Primers for miRNA-133 (miRBase accession number is
MIMATO0000427), H19, and both housekeeping genes Hs_SNORD68
(Cat. No. 00033712) and GAPDH received from Qiagen in Valencia,
California, USA.

The real-time thermocycler Rotor gene Q System (Qiagen, USA) was
programmed as follows: heating at 95 °C for 10 min, followed by 45
cycles of denaturation at 95 °C for 15s then annealing and extension at
60 °C for 60s.

The relative gene expression to internal controls (SNORD-68 and
GAPDH) was calculated using the ACt method. Relative expression for
both miRNA-133 and H19 was calculated using the 2-AACt method.

2.6. Serum PKM2 and TGF-§ assay

Quantitative determination of PKM2 concentrations in serum was
done with a Human Tumour Type M2 Pyruvate Kinase ELISA kit (Cat.
No E2125Hu) provided by Bioassay Technology Laboratory, China, and
according to the manufacturer’s instructions.

Quantitative determination of TGF-p concentrations in serum was
done with an Invitrogen Multispecies TGF-p kit (Cat. No. KACL1688/
KAC1689) provided by Biosource, California, and according to the
manufacturer’s instructions.

2.7. Statistical analysis

The statistical data was analyzed using the statistical package of
social science (SPSS) version 25 on Windows 8.1. All statistical data are
displayed as means + standard deviation (SD). The post-hoc comparison
test was used for pairwise comparisons. Pearson’s correlation was used
to evaluate the relationships between the variables under study.
Receiver Operating Characteristic (ROC) curves were employed to assess
the miRNA-133, H19, PKM2, and TGF-p diagnostic performances. For
interpretation of results, significance was adopted at P-value <0.05.
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3. Results
3.1. Demographic and clinical data of the study subjects

Table 1 provides the demographic characteristics of the study par-
ticipants. There were no significant differences between SSc patients and
the control group regarding age and sex (p = 0.138, 039 respectively).

The clinical characteristics of SSc patients are listed in Table 2.

3.2. Expression levels of studied parameters and their relation to clinical
and demographic data

In comparison to controls, SSc patients had significantly lower
miRNA-133 expression levels compared to the control group (Mean +
SD of SSc = 0.61 + 0.22, Mean + SD of HC = 0.97 + 0.007, p = 0.003).
However, the SSc patients had statistically significant higher expression
levels of all other biomarkers compared to the control group; H19 (Mean
+ SD of SSc = 10.37 + 3.13, Mean + SD of HC = 1.01 + 0.01, p =
0.0001), PKM2 (Mean =+ SD of SSc = 28.0 + 4.84, Mean + SD of HC =
16.19 £ 1.32, p = 0.005), and TGF-p (Mean + SD of SSc = 150.8 + 6.36,
Mean + SD of HC = 23.83 + 0.93, p = 0.0001) (Table 3 and Fig. 1).

3.3. The relation of expression levels of studied parameters to the clinical
and demographic data

The mean serum levels of TGF-f, miRNA-133, H19, and PKM2 in SSc
patients concerning the demographic data and clinical characteristics
are listed in Table S1.

The mean serum TGF-f} was significantly higher in patients above 40
years of age (Mean + SD = 166.04 + 7.80, p = 0.001) and those with
later onset SSc (Mean + SD = 164.76 + 9.02, p = 0.046), while the mean
serum H19 was significantly higher in patients below 40 years of age
(Mean + SD = 15.05 + 5.40, p = 0.002) and those with earlier onset SSc
(Mean + SD = 13.26 + 3.91, p = 0.018). Moreover, TGF- and PKM2
were significantly higher in female SSc patients (Mean + SD = 156.55
+ 7.50, 29.44 + 5.21 and p = 0.027, 0.014 respectively) in comparison
to males (Table S1).

Regarding the cutaneous manifestations of SSc, the expression level
of miRNA-133 was significantly more downregulated in SSc patients
with pitting scars (Mean + SD = 0.45 + 0.17, p = 0.009) than those
without pitting scars. The expression levels of both TGF-f and H19 were
significantly more upregulated in SSc patients with digital ulcers (Mean
+ SD = 156.75 + 11.86, 15.24 + 6.99 and p = 0.035, 0.010 respec-
tively) and calcinosis (Mean + SD = 172.71 + 10.02, 26.51 + 14.02 and
p = 0.031, 0.007 respectively) Vs. those without. Moreover, the
expression level of H19 was significantly more upregulated in SSc pa-
tients with telangiectasia (Mean + SD = 23.84 + 12.02, p = 0.010) Vs.
those without (Table S1).

Regarding the systemic manifestations of SSc, the expression level of
TGF-f was significantly more upregulated in SSc patients with DM
(Mean + SD = 168.0 + 2.56, p = 0.002), HTN (Mean + SD = 161.93 +

Table (1)
Demographic data (age and sex) of SSc patients and control group.
Clinical Data SSc patients (n = 50)  Control (n = 40)  p-value
Age (years) 42.60 + 10.83 40.0 + 2.0 0.138
Mean + standard deviation
(SD)
Sex Female 39 (78.0 %) 28 (70.0 %) 0.39

Male 11 (22.0 %) 12 (30.0 %)

Abbreviations: SSc, systemic sclerosis.

By using T-test for equality of Means of the age of the patients and chi-square test
for sex.

p-value >0.05 Not Significant (NS).

p-value <0.05 Significant (S).

p-value <0.001 Highly Significant (HS).
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Table 2
Clinical characteristics of SSc patients included in the study.

Variables SSc patients (N = 50)
DcSSc (N = 17) LeSSe (N = 33)
34 % 66 %
Count % Count %
Skin tightness 17 100 33 100
% %
Sclerodactyly 17 100 33 100
% %
Pitting Scars 6 35 % 17 52 %
Digital Ulcers 8 47 % 26 79 %
Calcinosis 14 82 % 29 88 %
Telangiectasia 14 82 % 27 82 %
Diabetes Mellitus 14 82 % 32 97 %
Hypertension 10 59 % 25 76 %
Raynaud’s Phenomenon 17 100 33 100
% %
Dysphagia 17 100 33 100
% %
Interstitial Lung Disease 4 24 % 20 61 %
Bronchiectasis 12 71 % 24 73 %
Pericardial Effusion 12 71 % 30 91 %
Arrhythmias 17 100 31 94 %
%
Arthritis 12 71 % 19 58 %
Neurological manifestations 17 100 33 100
% %
Myositis 15 88 % 27 82 %
Dry eyes 10 59 % 30 91 %
Dry mouth 10 59 % 31 94 %
Vasculitis 12 71 % 30 91 %
Renal Disease 13 76 % 27 82 %
Treatment  Azathioprine (AZA) 13 76 % 18 55 %
Methotrexate 3 18 % 8 24 %
Mycophenolate mofetil 4 24 % 1 3%
(MMF)
Vasodilators 13 76 % 21 64 %
Anti-coagulants 6 35 % 5 15 %

Abbreviations: SSc, systemic sclerosis; DeSSc, diffuse cutaneous systemic
sclerosis; LeSSc, limited cutaneous systemic sclerosis.

Table 3

Serum levels of studied parameters in patients and controls.
Biomarkers Scleroderma (N = 50) Control (N = 40) p-value

Mean + SD Mean + SD

miRNA-133 (FC) 0.61 £+ 0.22 0.97 & 0.007 0.003*
H19 (FC) 10.37 + 3.13 1.01 £+ 0.01 0.0001*
PKM2 (ng/ml) 28.0 + 4.84 16.19 + 1.32 0.005*
TGF-p (pg/ml) 150.8 & 6.36 23.83 £0.93 0.0001*

Abbreviations: SD, standard deviation; FC, fold change; miRNA-133,
microRNA-133; PKM2, pyruvate kinase muscle 2; TGF-, transforming growth
factor-beta; ng/ml, nanogram/milliliter; pg/ml, picogram/milliliter.

By using T-test for equality of Means * are significant.

p-value >0.05 Not Significant (NS).

p-value <0.05 Significant (S).

p-value <0.001 Highly Significant (HS).

8.93, p = 0.028), ILD (Mean + SD = 178.12 + 4.58, p = 0.0001),
arthritis (Mean + SD = 161.47 + 8.53, p = 0.01), dry eye (Mean + SD =
166.10 + 9.23, p = 0.017), dry mouth (Mean + SD = 165.33 + 10.51, p
= 0.035), and vasculitis (Mean + SD = 177.75 + 4.49, p = 0.002)
compared with patients without these manifestations. Conversely, the
expression level of miRNA-133 was significantly more downregulated in
SSc patients with DM (Mean + SD = 0.132 + 0.09, p = 0.0001),
arrhythmia (Mean + SD = 0.21 £ 0.11, p = 0.023), and vasculitis (Mean
+ SD = 0.32 £+ 0.13, p = 0.02) Vs. those without. Moreover, the
expression level of H19 was significantly more downregulated in SSc
patients with ILD (Mean + SD = 8.62 + 3.61, p = 0.05) and arthritis
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ig. 1. Boxplot diagram for (A) miRNA-133, (B) H19, (C) PKM2, and (D) TGF-p in SSc patients and control.

(Mean + SD = 3.72 + 1.41, p = 0.001) Vs. those without. However, the
expression level of H19 was significantly more upregulated in SSc pa-
tients with bronchiectasis (Mean + SD = 19.04 + 8.54, p = 0.028) Vs.
those without. In the same context, the expression level of PKM2 was
significantly more downregulated in SSc patients with bronchiectasis
(Mean + SD = 16.09 + 1.16, p = 0.001), pericardial effusion (Mean +
SD = 15.86 + 0.79, p = 0.016), and arrhythmia (Mean + SD = 14.20 +
3.48, p = 0.016) Vs. those without. Meanwhile, its expression level was
significantly more upregulated in SSc patients with dry eyes (Mean +
SD = 35.26 + 15.07, p = 0.020) Vs. those without (Table S1).

Regarding the treatment modalities of SSc, the expression level of
miRNA-133 was significantly less downregulated in SSc patients treated
with MMF (Mean + SD = 1.56 + 0.56, p = 0.002) Vs. those used another
drug. Similarly, the expression level of H19 was significantly less
upregulated in SSc patients treated with methotrexate (Mean + SD =
3.49 £+ 1.61, p = 0.016) and anticoagulants (Mean + SD = 5.77 + 2.94,
p = 0.05) compared with patients not using them. Moreover, the
expression levels of TGF-p (Mean + SD = 159.84 + 6.96, p = 0.038),
H19 (Mean + SD = 13.73 &+ 4.71, p = 0.002), and PKM2 (Mean + SD =
31.06 + 7.02, p = 0.015) were significantly more upregulated in SSc
patients treated with AZA Vs. those used other drugs (Table S1).

Regarding the modified Rodnan skin score (mRSS) of SSc patients,
there were no significant differences between the grades of mRSS and
the studied variables (p > 0.05) (Table S1).

3.4. Correlation between studied parameters

We detected a significant positive correlation between H19 and both
miRNA-133 (r = 0.574, p = 0.003) and PKM2 (r = 0.429, p = 0.032)
while with the TGF-, it possesses a significant negative correlation with
it (r = —0.502, p = 0.011). We studied the correlation between the mRSS
and the studied parameters with no significant correlation (Table 4).
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Table 4
Correlation between mRSS and the serum levels of miRNA-133, H19, PKM2, and
TGF-p in SSc patients.

Biomarkers miRNA- H19 PKM2 TGF-p mRSS
133 (FO) (ng/ (pg/ (0-51)
(FC) ml) ml)
miRNA Pearson 1 0.574 0.191 -0.127 0.012
-133 Correlation
(FC) p-value 0.003* 0.359 0.544 0.933
H19 Pearson 0.574 1 0.429 —0.502 0.018
(FC) Correlation
p-value 0.003* 0.032* 0.011* 0.903
PKM2 Pearson 0.191 0.429 1 —0.096 —0.123
(ng/ Correlation
ml) p-value 0.359 0.032* 0.647 0.393
TGF-f Pearson -0.127 -0.502  —0.096 1 0.187
(pg/ Correlation
ml) p-value 0.544 0.011* 0.647 0.194
mRSS Pearson 0.012 0.018 —-0.123 0.187 1
(0-51)  Correlation
p-value 0.933 0.903 0.393 0.194

Abbreviations: FC, fold change; miRNA-133, microRNA-133; PKM2, pyruvate
kinase muscle 2; TGF-B, transforming growth factor-beta; ng/ml, nanogram/
milliliter; pg/ml, picogram/milliliter; mRSS, modified Rodnan skin score.

By using the Pearson correlation test, the correlation is significant at the 0.05
level (2-tailed).

3.5. Assessment of reliability of sensitivity and specificity of miRNA-133,
H19, PKM2, and TGF-$ by ROC curve analysis

Table 5 and Fig. 2 demonstrate the sensitivity and specificity ana-
lyses of our parameters using the ROC curve showing their diagnostic
value. The ROC curve of miRNA-133 has an 84 % sensitivity and a 98 %
specificity. The cut-off value of miRNA-133 is 0.56 with area under
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Table (5)

Diagnostic and prognostic performances for miRNA-133, H19, PKM2, and TGF-p in SSc patients.
Biomarkers AUC Cut-off value Sensitivity % Specificity % 95 % C.I1® Accuracy p-value
MiRNA-133 0.840 0.56 84 % 98 % 0.7200 to 0.9271 91 % <0.0001*
H19 0.652 7.67 64 % 97.5 % 0.4400 to 0.7200 80.75 % 0.0224*
PKM2 0.942 25.69 99 % 85 % 16.44 to 19.48 92 % <0.0001*
TGF-§ 0.946 156 100 % 89.1 % 77.25 to 94.55 94.5 % <0.0001*

Abbreviations: AUC, area under curve; C.I, confidence interval; (a), Youden index; miRNA-133, microRNA-133; PKM2, pyruvate kinase muscle 2; TGF-§, trans-

forming growth factor-beta.
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Fig. 2. ROC Curve for (A) miRNA-133, (B) H19, (C) PKM2, and (D) TGF-p biomarkers for SSc diagnosis.

curve of 0.84. While the cut-off value of H19 is 0.652 and area under
curve 7.67 and sensitivity/specificity of 64 % and 97.5 % respectively.
Moreover, the cut-off value of PKM2 is 25.69 ng/ml with sensitivity/
specificity of 99 % and 85 % respectively. The cut-off value of TGF-p is
156 pg/ml with a sensitivity of 100 % and specificity of 89.1 %.

4. Discussion

Systemic sclerosis (SSc) is a heterogeneous systemic autoimmune
fibrotic disease that is likely to entail the influence of environmental
variables on genetically primed individuals [4,26-28] with epigenetic
factors believed to be potential contributors to the disease’s vast range of
manifestations [4]. In the current work, we report a disturbance in the
expression of 2 important epigenetic regulators of fibrosis and immune
functions, namely miRNA-133 and IncRNA-H19 as well as significant
positive correlations between both biomarkers in sera of patients with
SSc in comparison to controls (r = 0.574, p = 0.003). We also detected
abnormal associations of IncRNA-H19 with TGF-f and PKM2, which are
both crucial proteins involved in the fibrotic process seen in SSc.

TGF-p is a major activator and propagator of myofibroblasts and
other mesenchymal cell types and is believed to have a vital pathogenic
consideration in fibrogenesis [29]. TGF-f's target genes include miRNAs,
among which, miRNA-133 has been shown to be differentially expressed
in SSc skin samples [27,30]. MiRNA-133 modulates the expression of
inflammatory cells and several known fibrogenic cytokines, including
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TGF-f, IL-4, and IL-6 [31]. Although miRNA-133 inhibited TGF-p in
cardiac tissue [32], we could not find a significant correlation between
them in the sera of SSc patients (r = —0.127, p = 0.544), nonetheless, a
larger sample size may be needed to verify this correlation.

In accordance with previous research [33-37], the expression of
miRNA-133 was significantly downregulated (p = 0.003), while that of
TGF-p was upregulated (p = 0.0001) among our SSc patients in com-
parison to controls.

Taking into consideration the major role of TGF-p in SSc develop-
ment, its upregulation with advancing age in our patients’ group; but not
among controls, may relate to the accelerated onset of internal organ
involvement among elderly SSc patients [38]. In agreement with pre-
vious investigations, female SSc patients had significantly higher serum
levels of TGF-f compared to male patients (p = 0.027) which may be
attributed to estradiol’s upregulation of TGF-f production [39,40].

The fact that the digital scleroderma ulcerations respond well to
therapy with divalproex sodium; valproate, that blocks TGF-p [41] can
be related to the significantly higher serum expression levels of TGF-f in
patients with such manifestations Versus those without as we observed
in our patients suffering from digital ulcers and calcinosis.

As reported previously [42-44], the present study also demonstrates
that SSc patients with DM, HTN, ILD, arthritis, dry eye, dry mouth, and
vasculitis have significantly higher serum expression levels of TGF-p
compared to patients without these associations. Such co-morbidities
can be related to the diverse roles of TGF-p in the development of
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insulin resistance and obesity; its stimulatory effect on the expression of
ET-1 and vascular stiffness from collagen; its inhibitory role on the
production of nitric oxide; its role in joint infiltration with poly-
morphonuclear leukocytes, and lymphocytes [45-48]. TGF-f can also
stimulate the differentiation of Tregs towards IL-17-producing cells,
which may contribute to the ANCA-associated vasculitis (AAV) of SSc
[49].

On the other hand, miRNA-133 diminishes the expression of collagen
I and collagen III; inhibits TGF-f; and suppresses apoptosis, fibrosis, and
inflammation in cardiac tissue [32,50]. As all these processes are also
involved in the pathogenesis of SSc, miRNA-133 may possibly play an
imperative role in controlling the inflammatory process and collagen
formation in patients with SSc. Indeed, we observed that pitting scars, a
result of the excess fibrous tissue formation and one of the minor criteria
commonly seen in SSc [32,51] were accompanied by significantly lower
serum levels of miRNA-133 contrasted to patients without scars (p =
0.009). This was previously observed with miRNA-196 as well [34].

In the current work, patients with DM, arrhythmias, and vasculitis
had significantly lower serum levels of miRNA-133 compared to patients
without these findings. The lower miRNA-133 in patients with DM may
be explained by insulin’s inhibitory effect on miRNA-133 via sterol
regulatory element binding protein 1c¢ and myocyte enhancer factor 2C
[52]. In concordance with our results, Abdellatif [53] demonstrated that
the downregulation of miRNA-133 is a prerequisite for the development
of apoptosis, fibrosis, and prolongation of the QT interval and hence
arrhythmias.

Interestingly, SSc patients treated with MMF had their miRNA-133
expression less downregulated than patients on other treatments signi-
fying the beneficial role of MMF in the treatment of SSc. It would be
intriguing to investigate the beneficial effect of MMF Vs. other SSc
medications in the management of the co-morbidities, we report to be
associated with lower miRNA-133 levels.

The innate immunity-related IncRNA-H19 is involved in the bio-
logical activities of the skin via its role in the stimulation of the Wnt/
B-catenin signaling pathway [54]. H19 aberrantly modulates the pro-
liferation and differentiation of various fibroblasts, particularly dermal
fibroblasts, RA synovial fibroblasts, and fibroblast-like cells, such as
pulmonary artery smooth muscle cells [55]. Reminiscent of SLE, RA, and
osteoarthritis (OA) [56,57], implies that H19 may have a fundamental
role in SSc pathogenesis as well through induction of ECM differentia-
tion and myofibroblast production. Thus, it was not surprising to detect
its upregulation in our SSc patients compared to the control group (p =
0.0001). Interestingly, as DNA methylation can affect the expression of
IncRNAs, the H19 upregulation we observed may be related to a hypo-
methylation of the promoter of the H19 gene or the methylation of CpG
islands in promoter regions which is a mutual way for the deactivation of
some genes as HLA-DRB1 which present significantly in patients with
SSc [58,59].

Significantly higher serum levels of H19 were detected in patients
under 40 (p = 0.002). In the same manner, significantly higher serum
expression levels of H19 were observed among patients who developed
SSc before 14 years of age (p = 0.018). This was also seen in mice models
where younger mice had a higher average H19 expression than older
mice [60]. Further investigations of these findings seem relevant,
particularly with the fact that younger patients with SSc <30 years
frequently present with more disseminated disease [61,62]. Skin man-
ifestations of SSc, including digital ulcers, calcinosis, and telangiectasia
as well as respiratory manifestations were associated with significantly
higher serum levels of H19 compared to patients without these findings.
The H19’s immune regulatory and aging protective functions may
explain these associations [63]. Nonetheless, contradictory observations
regarding H19 levels and both ILD and arthritis had been formerly
narrated by Wan et al. [64] and Fu et al. [65]. Such differences may be
related to differences in the selection/recruitment of patients, race,
other epigenetic factors, or sample size.

The present study detected a positive correlation between H19 and
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PKM2 (r = 0.429, p = 0.032) and this was consistent with previous
studies in liver and ovarian cancers, and it was hypothesized that H19
may induce and activate tumor-specific PKM2 which is essential for gene
expression during tumorigenesis [23,66]. On the contrary, Chen et al.
[67] reported that H19 overexpression reduces PKM2 protein levels
through ubiquitin-mediated degradation. Similarly, there are conflicting
results regarding the relation between H19 and TGF-f. In our work and
that of Zhang et al. [68], there is a negative correlation between those
variables with the latter authors stating that TGF-§ signaling inhibits
expression of H19 in liver cancer. In contrast, Wang et al. [69]
demonstrated a positive correlation between TGF-p and H19. These
contradictions deserve further research in different clinical and immu-
nological settings.

While aerobic glycolysis directly influences how lymphocytes, such
as T, B, and NK cells, differentiate and function [70], this process en-
compasses a sequence of cellular enzymes; the most important key
enzyme is pyruvate kinase (PK) [10]. In the majority of cell types, PK can
be found as the M1 or M2 isoform or even both. Alternative splicing is
implemented to PK muscle (PKM), in order to create the PKM1 or PKM2
isoforms, which include exon 9 or 10, respectively [12,13].

We observed that the expression level of PKM2 was significantly
upregulated in serum samples of SSc patients compared to the control
group (p = 0.005). In agreement with our study, cultured dermal fi-
broblasts of SSc patients in a glucose-free medium, demonstrate a higher
glycolytic metabolism compared with normal fibroblasts [71]. PKM2
was also shown to facilitate fibrosis progression in murine models [72].
Such observations suggest its possible participation in SSc pathogenesis.

PKM2 promotes Th17 cell differentiation and autoimmune inflam-
mation through STAT3 activation with the production of further cyto-
kines and chemokines, such as IL-6, IL-8, and monocyte chemoattractant
protein-1 (MCP-1) [73,74] with their previously addressed role of these
cytokines in SSc pathogenesis [31]. This Th17/IL-17 promoting effect of
PKM2 may also be why it tended to be more upregulated in patients with
dry eyes, reminiscent of Sjogren’s Syndrome (SS) where an increased
Th17 quantity and IL-17 expression is evident [75].

Although PKM2 may function as a target for miRNA-133 and the
latter suppresses glycolysis within lung cancer cells by targeting PKM2
[76], our results didn’t show such correlation. PKM2 was significantly
higher in female patients compared to males (p = 0.014) possibly due to
estrogen’s ability to activate PKM2 and further increase its expression
[77]. On the other hand, it was unexpected that although PKM2 pro-
motion of neutrophil activation may be responsible for bronchiectasis
[78], our results showed that patients with bronchiectasis had signifi-
cantly lower PKM2 serum expression levels compared to patients
without bronchiectasis.

Until the role of PKM2 in cardiomyocyte cell cycle and cardiac
regeneration is studied. We hypothesize that the positive correlation we
detected between H19 and PKM2 may explain why patients with higher
PKM2 showed an increased incidence of pericardial effusion and
arrhythmia.

5. Conclusion

In brief, our study shows upregulation of key molecules; TGF-f, H19,
and PKM2, involved in the fibrotic and immunological process respon-
sible for the development of SSc and its associated abnormalities. We
also demonstrate the downregulation of the anti-fibrogenic/
inflammatory protein miRNA-133 which may possibly be involved in
the various pathogenic mechanisms associated with SSc. The targeted
pharmacological modulation of these molecules is an interesting field of
research and innovation and may prove to be a beneficial option for
patients with SSc.

Furthermore, in this patients’ cohort, MMF seemed to be associated
with miRNA-133 upregulation, and methotrexate with lower H19
expression in comparison to other examined treatments. We suggest
further studies exploring these biomarkers and pharmacologic
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mechanisms through which pulmonary and extra-pulmonary symptoms
in SSc patients show better improvement when treated by a combination
of MMF and low-dose methotrexate as described by Gonzalez-Nieto et al.
[79].

Additional experimental studies are needed to illuminate the key
roles of miRNA-133, H19, PKM2, and TGF-f in the pathogenesis of
autoimmune diseases. The lack of tissue verification of these differen-
tially expressed miRNA-133 and H19 and relevant pathways is the
study’s principal limitation. The minimal number of SSc patients for
quantitative PCR verification is another restriction.
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