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Abstract

Background: Systemic Lupus Erythematosus (SLE) is a chronic autoimmune condition that affects multiple
organs significantly impacts morbidity and mortality. The development of SLE is influenced by genetic
predisposition and dysregulated immune response. Our objective was to investigate miR-21, IL-10, and
PDCD4 expression in SLE patient plasma and analyze their correlations and potential diagnostic and
prognostic values.

Methods: The study included 100 healthy subjects, 50 newly diagnosed (ND), and 50 under-treatment (UT)
SLE patients. The patients were observed for 24 weeks to track relapses. miR-21 and PDCD4 gene
expression levels were measured using real-time RT-PCR, and IL-10 production was measured using
ELISA.

Results: miR-21 and IL-10 expression levels were significantly greater in SLE patients than in healthy
subjects, with the highest levels observed in ND patients. PDCD4 expression was also significantly greater
in SLE patients than in subjects, with the highest levels observed in UT patients. ROC curve analyses and
Cox-Mantel Log-rank tests indicated miR-21, PDCD4, and IL-10 as proper diagnostic and prognostic
biomarkers for SLE. The study also revealed a significant positive correlation between miR-21 and PDCD4
and IL-10 levels in SLE patients.

Conclusions: The studies suggest that dysregulation of miR-21, PDCD4, and IL-10 in patients with SLE
may contribute to disease development and provides new diagnostic and prognostic markers. Additionally,
the observed correlation between miR-21, PDCD4, and IL-10 levels in SLE patients signifies a potential
interplay between these molecules.

Keywords: Interleukin-10 (IL-10), Microrna-21 (miR-21), Programmed Cell Death 4 Protein (PDCDA4),
Systemic Lupus Erythematosus (SLE).

Introduction o -
Systemic lupus erythematosus (SLE) is an organs and cause significant morbidity an_d
autoimmune disease that can affect multiple mortality (1). The burden of SLE is
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substantial, with a reduced quality of life,
increased risk of premature death, and high
economic costs associated with the disease
(2). The disease is caused by a combination of
genetic and environmental factors, and is
characterized by the production of
autoantibodies that attack the body's own
tissues and organs (3). In addition to genetic
risk factors, epigenetic modifications such as
DNA methylation, histone modifications,
non-coding RNAs, and chromatin remodeling
have been linked to SLE development and
progression (4, 5).

MicroRNAs (miRNAs) are small non-
coding RNAs that regulate gene expression.
They undergo several processing steps to
become mature miRNAs, which can inhibit or
enhance protein synthesis from target
MRNAs. miRNAs have important roles in
biological processes and implications in
diseases (6, 7). miRNASs play important roles
in regulating immune function and their
dysregulation may contribute to the
development of autoimmunity in SLE
patients. Some of the miRNAs implicated in
SLE include miR-146a, miR-155, miR-148a,
miR-125a, and miR-21 (5, 8, 9).
Dysregulation of these mIiRNAs may
contribute to SLE pathogenesis by promoting
autoreactivity (10). miR-21 is dysregulated in
SLE and may play a complex role in SLE
pathogenesis by regulating multiple pathways
involved in immune function, inflammation,
and apoptosis (11). It promotes the survival
and proliferation of autoreactive B cells and
inhibits regulatory T cell function. miR-21
downregulates PTEN  expression and
upregulates IL-6 expression, both of which
contribute to the development of
autoimmunity (12, 13).

The dysregulation of cytokine production
and signaling is a critical factor in SLE
development. Several cytokines, including
IL-6, IFN-0, TNF-a, IL-17, and IL-10, have
been implicated in SLE pathogenesis (14). IL-
10 is an anti-inflammatory cytokine produced
by regulatory T cells that plays a crucial role

in immune response regulation. In SLE,
dysregulation of IL-10 may lead to an
imbalance between pro-inflammatory and
anti-inflammatory cytokines (15). Elevated
IL-10 levels have been found in SLE patients,
particularly during disease flares, which
suggests it may contribute to SLE
pathogenesis. IL-10 has also been proposed as
a potential SLE biomarker, as its levels
correlate with disease activity and severity
(16). Measuring IL-10 levels may help in
monitoring disease progression and response
to treatment (17). Programmed cell death
protein 4 (PDCD4) is a tumor suppressor
protein that regulates gene expression and
inhibits cell proliferation (18). Recent studies
suggest that PDCD4 may be involved in SLE
pathogenesis, as it plays a role in regulating
cell  proliferation, survival, cytokine
production, autophagy, and signaling
pathways (19).

Several molecular biomarkers, including
ANA, anti-dsDNA antibodies, complement
levels, CRP, ESR, IFN-oa, and B-cell
activating factor (BAFF), are used to diagnose
and monitor SLE, but have some limitations
including limited specificity and sensitivity,
fluctuations over time, inability to predict
disease severity, cost, invasive testing, and
false positives and negatives, leading
researchers to seek new biomarkers for the
disease (20, 21). It has been suggested that
miR-21 regulates IL-10 and PDCD4
expression by targeting their mRNAs (22,
23). Dysregulation of miR-21/PDCD4, and
miR-21/IL-10 axis has been implicated in
various diseases, including SLE (24, 25).
Although some studies have evaluated these
molecules in SLE, to our knowledge, no study
has evaluated the miR-21, IL-10, and PDCD4
expression in SLE patients collectively, and
assessed their diagnostic and prognostic
utilities. Therefore, the objective of this study
was to assess miR-21, PDCD4, and IL-10
plasma expression in both SLE patients and
healthy subjects, investigate their possible
correlations, and determine their potentials as
SLE diagnostic and prognostic biomarkers.
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Materials and Methods

Study Participants and Samplings

We recruited 200 participants, including 50
newly diagnosed (ND) and 50 under-treatment
(UT) SLE patients from Rheumatology Clinic,
Sayyad Shirazi Hospital, Gorgan, plus 100
healthy subjects. The SLE cases were
diagnosed by consulting an  expert
rheumatologist based on the ACR criteria and
were receiving SLE standard of care
treatment  but not  receiving  any
immunomodulatory or immunosuppressive
therapies that could affect the variables
studied. Controls were age, sex, and ethnicity-
matched healthy subjects with no histories of
autoimmune diseases. All participants were
18-65 years of age and excluded if they had
other autoimmune diseases, active infections,
or pregnancy. Disease duration was at least

six months for UT cases, and cases had
registered disease activity at the time of serum
collection to minimize the effect of disease
activity on the variables being studied. Table
1 demonstrates the levels of miR-21, IL-10,
and PDCD4 relative to various clinical
characteristics of SLE patients. This study
was approved by the Committee of Ethics at
Golestan University of Medical Sciences
(GoUMS), Gorgan, Iran, and conducted
according to the principles of the Declaration
of Helsinki. Informed consent was obtained
from all participants before their inclusion in
the study. We collected five blood samples
from all participants and transferred them to
the Research Central Laboratory at GoOUMS.
The plasma was isolated from the whole
blood by centrifugation and stored at -80 °C
to avoid contamination or sample loss.

Table 1. The association of miR-21, PCDC4, and 1L-10 with major clinical symptoms of SLE patients.

Characteristics miR-21 PDCD4 IL-10
Yes 0.366 + 0.06 § 0.185+0.11 g 3427 + 751 E
Lupus Nephritis o S o
I 1l 1l
No 0.336 + 0.07 a 0.239+0.12 a 2353 + 317 a
Yes 0.366 + 0.06 § 0.154 + 0.08 é‘ 3980 + 559 §
Malar Rash o o o
I 1l 1l
No 0.330 + 0.07 o 0.266 +0.12 o 1859 + 313 o
Yes  0.365+0.07 9 0.169 + 0.11 3 3716 + 570 3
] S S S
Hair Loss o ﬁ o
No 0.331 +0.07 Clll_ 0.259+0.12 o 1987 + 320 clxl_

<4 0.349 +0.08 0.265+0.14 2325+ 735
Lo <t —
(92) o0 o
(@) (V] <t
SLEDAI 5-12 0.339 +0.07 o 0.237+£0.11 o 1963 + 377 o
1 1l 1
o o o

>12 0.342 + 0.07 0.207 £ 0.12 3240 £ 513

ELISA cytokine assay

IL-10 concentration was measured using
commercially available ELISA Kkits from
ZellBio (ZellBio GmbH, Germany; Cat.NO.
RK00012- 96) following the manufacturer’s
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instructions. The optical density (O.D.) values
were obtained from the samples and standards
on a StatFax 3300 ELISA reader (Awareness
Technology, Inc., USA) (26). Non-linear
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regression was used to generate standard
curves and calculate the 1L-10 concentration in
each sample (pg/mL).

RNA isolation, cDNA synthesis and real time
RT-PCR

Total RNA was isolated from the plasma
samples using TRIzol reagent (Invitrogen,
USA), following a previously described
protocol (27). Using a Nanodrop 2000
spectrophotometer (Thermo Fisher Scientific,
USA), we measured the RNA concentration
and purity. Finally, we stored the RNA at -
80°C or used it immediately for downstream
applications, taking care to use RNase-free
reagents and equipment throughout the
process. cDNA was synthesized through the
reverse transcription method using the
SinnaClon First Strand cDNA Synthesis Kit
(Cinnagen, Iran; Cat. NO. RT5201). To

convert mature miRNA molecules into cDNA
for further amplification and quantification by
gPCR, we utilized the stem-loop method using
a specific stem-loop primer and a common
reverse primer (Table 1). Gene and miRNA
expression were determined using Sina Green
HS-gPCR Mix (Cinnagen, Iran, Cat. NO.
MM2042) with specific primers, performed on
a Step One Plus cycler (Thermo Fisher
Scientific, Iran). The internal controls GAPDH
(glyceraldehyde-3-phosphate dehydrogenase)
and U6 (small nuclear RNA UG6) were used to
normalize the cycle threshold (Ct) values of
PDCD4 and miR-21 expression in plasma. In
this study, we designed gene-specific primers
that span exon junctions. These primers are
listed in Table 2. The 2*-dCt method, which is
a widely used approach for normalizing gene
and miRNA expression levels, was employed
in this study.

Table 2. List of specific primers.

Primer Sequence (5'>3")
F:
mir21 TCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACTCAAA

R: GTGCAGGGTCCGAGGT

F: GCTTCGGCAGCACATATACTAAAAT

U6
R: CGCTTCACGAATTTGCGTGTCAT
F: GAAGGTGAAGGTCGGAGT
GAPDH
R: GAAGGTGAAGGTCGGAGT
F: AGGAAGAGGAGAAGGTGGTG
PDCD4

R: CTGTTTGGCTGCTGTTCTTG

Statistical analyses

SPSS 22.0 (IBM Corporation, USA), and
Prism 8.0 (GraphPad Software Inc, USA)
were used to compare PDCD4 and miR-21
expression, and IL-10 concentrations between
all groups. Normality of results was checked
using the Shapiro-Wilk test, and parametric
and non-parametric  tests were used
accordingly. Comparisons between two
groups used the Independent Samples t-Test
or Mann-Whitney U test, while comparisons
between more than two groups used one-way
ANOVA with Tukey's post-test or Kruskal-

Wallis  with  Dunn-Bonferroni  post-test.
Correlation studies used Pearson/Spearman
test based on data distribution. ROC curves
were analyzed to evaluate the diagnostic
utility of each variable, and logistic regression
was used for combined ROC curve analysis
and prediction of variables' performance. The
Mantel-Haenszel (also known as Mantel-
Cox) log-rank test was employed to assess the
prognostic value of variables in predicting
flare occurrence after 24 weeks of follow-up.
All experiments were performed in triplicate.
The significance level of all statistical tests
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was 0.05, the degree of confidence was 95%,
and the power of the test was 80%.

Results

Expression Levels of miR-21, PDCD4, and IL-
10 in SLE Patients

We examined the plasma expression of miR-21
in SLE patients and healthy subjects. miR21
expression was significantly greater in SLE
patients than healthy subjects (P< 0.0001) miR-
21 expression was significantly greater in ND
than in UT patients (P<0.01) and healthy

subjects (P<0.0001). PDCD4 expression was
significantly greater in SLE patients than in
healthy subjects (P< 0.0001).

PDCD4 expression was greater in in UT SLE
patients than in healthy subjects (P< 0.0001) and
ND patients (P< 0.01). IL-10 plasma
concentrations were significantly greater in SLE
patients than in healthy subjects (P< 0.0001). IL-
10 plasma concentrations were significantly
greater in ND than in UT patients (P< 0.01) and
healthy subjects (P< 0.001) (Fig. 1).
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Fig. 1. miR-21, PDCD4, and IL-10 expression in SLE patients and healthy subjects. miR21 expression was significantly
greater in SLE patients (PAT.) than in healthy subjects (H.S.) (A). miR21 expression was significantly greater in newly
diagnosed (N.D.) SLE patients than in those under treatment (U.T.) (P< 0.01) and healthy subjects (H.S.) (P< 0.001) (B).
PDCD4 expression was significantly greater in PAT than in H.S) (P< 0,001) (C). PDCD4 expression was significantly
greater in U.T. patients than in H.S. (P< 0.0001) and N.D. patients (P< 0.01) (D). IL-10 was significantly greater in PAT.
than in H.S. (E). IL-10 expression was significantly greater in N.D. than in U.T. patients (P< 0.01) and H.S. (P< 0.0001) (F).
Comparisons between two groups used the Independent Samples t-Test or Mann-Whitney U test, while comparisons between
more than two groups used one-way ANOVA with Tukey's post-test or Kruskal-Wallis with Dunn-Bonferroni post-test.
Error bars demonstrate means + SD (standard deviation). **P< 0.01, ****P< 0.0001.
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The diagnostic utilities of miR-21, PDCD4 and
IL-10

ROC curves were analyzed to evaluate the
diagnostic utilities of miR21, PDCD4, and 1L-10
to distinguish healthy subjects from SLE patients
and UT from ND SLE patients (Fig. 2). The area
under the curve (AUC) for miR-21 expression
(H.S. vs. PAT.) was 0.9924 (95% CI 0.9844 to
1.000; P <0.0001). The cut-off point was set at
the fold change (FC) level of 0.2305 with the

sensitivity of 96.00% (95% CI 90.16% to
98.43%), the specificity of 97.00% (95% CI
91.55% t0 99.18%), and likelihood ratio (LR) of
32.0. Similarly, the calculated AUC for miR21
(U.T vs. N.D) was 0.7140 (95% CI 0. 0.6127 to
0.8153; P=0.0002). The cut-off value was set at
the FC level of 0.3345 with the sensitivity of
68% (95% C1 54.19% to 79.24%), the specificity
of 64% (95% CI 50.14% to 75.86%), and LR of
1.899.

{A) ROC curve: ROC of miR21 (H.S. vs PAT.) {B) ROC curve: ROC of miR21 (U.T. vs N.D.) {C) ROC curve: ROC of PDCD4 (H.S. vs PAT.)
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Fig. 2. Diagnostic utilities of miR-21, PDCD4, and IL-10 in SLE patients. We conducted ROC curve analyses to evaluate
the diagnostic abilities of miR21, PDCD4, and 1L-10 to distinguish between SLE patients (PAT.) and healthy subjects (H.S.),
as well as newly diagnosed (N.D.) SLE patients and those under treatment (U.T.). miR-21 (A) had high accuracy with an AUC
of 0.9924, while PDCD4 had low accuracy with an AUC of 0.5719 (C) in distinguishing between SLE patients and healthy
subjects. In terms of distinguishing between N.D. and U.T. patients, miR-21 (B) had an AUC of 0.7140, while PDCD4 had an
AUC of 0.9984 (D). IL-10 had good diagnostic accuracy in both tests, with AUCs of 0.9612 (E) and 0.9332 (F), respectively.

The AUC for PDCD4 expression (H.S. vs
PAT.) was 0.5719 (95% CI 0.4820 to 0.6617; P
=0.0792). The cut-off point was set at the FC of
0.1749 with the sensitivity of 56.00% (95% ClI
46.23% to 65.33%), the specificity of 59.00%
(95% CI 49.20% to 68.13%), and LR of 1.366.
Similarly, the calculated AUC for PDCD4 (U.T.
vs. N.D.) was 0.9984 (95% CI1 0.9946 to 1.000;
P <0.0001). The cut-off value was set at the FC
level of 0.1994 with the sensitivity of 100%
(95% CI 92.87% to 100.0%), the specificity of
98% (95% CI 89.50% to 99.90%), and LR of
50.0.

The AUC for IL-10 expression (H.S. vs
PAT.) was 0.9612 (95% C10.9289 to 0.9935; P<
0.0001). The cut-off point was set at the level of
99 pg/mL with the sensitivity of 93.00% (95%
Cl 86.25% to 96.57%), the specificity of 99.00%
(95% CI 94.55% to 99.95%), and LR of 93.0.
Similarly, the calculated AUC for 1L-10 (U.T.
vs. N.D) was 0.9332 (95% CI 0.8740 to 0.9924;
P <0.0001). The cut-off value was set at the level
of 963 pg/mL with the sensitivity of 90% (95%
Cl 78.64% to 95.65%), the specificity of 98%
(95% CI 89.50% to 99.90%), and LR of 45.0.
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The correlations of miR21 with PDCD4 and
IL-10

We evaluated the correlation between the plasma
expression of miR-21 with IL-10 and PDCD4
plasma levels. Pearson correlation study showed
that IL-10 and miR21 were positively correlated

(a)
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[—]
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(r=0.735, P<0.0001). Our findings also showed
that PDCD4 and miR21 were positively, but not
significantly, correlated (r = 0.128, P = 0.071)

(Fig. 3).

0.4 0.6

0.0 0.2

0.4 0.6

miR21 expression [Z'dCt)

Fig. 3. The correlations of miR21 with PDCD4 and IL-10. We evaluated the correlation between plasma miR-21
expression and IL-10 (A) and PDCD4 (B)s. Pearson correlation showed that 1L-10 and miR21 were positively correlated
(r=0.735, P<0.0001). Our findings also showed that miR21 and PDCD4 were positively, but not significantly, correlated

(r=0.128, P = 0.071).

The prognostic utilities of miR21, PDCD4 and
IL-10

The Mantel-Cox log-rank test was conducted to
assess the prognostic value of miR21, PDCD4,
and IL-10 in predicting flare occurrence after 24
weeks of follow-up. The miR21, PDCD4 and IL-
10 levels as putative biomarkers were subdivided

226 Rep. Biochem. Mol. Biol, Vol.12, No.2, Jul 2023

into two categories of low and high levels based
on their optimum cut-off points derived from
ROC curve analyses. Log-rank test results
revealed that miR-21, PDCD4, and IL-10 could
all predict the outcomes (flare) of SLE patients
at 24 weeks (P<0.0001 for all) (Fig. 4).
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Fig. 4. The prognostic utilities of miR-21, PDCD4, and IL-10 to predict flare in SLE patients. The Mantel-Cox log-
rank test was conducted to assess the prognostic value of miR21, PDCD4, and IL-10 in predicting flare occurrence over
24 weeks of follow-up. miR-21, PDCD4, and IL-10 all predicted flare occurrences after 24 weeks (A, B, and C,

respectively).

Discussion

The purpose of this research was to determine

miR-21, PDCD4, and IL-10 levels in the

plasma of SLE patients and healthy subjects.
Additionally, the study aimed to explore

any potential connections between these

molecules and determine whether they could
serve as useful SLE diagnostic or prognostic
biomarkers. We found that miR-21 expression
in SLE patient plasma was significantly greater
than in healthy subjects, especially ND
patients. Consistent with our findings,
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Nakhjavani et al. reported significantly
elevated miR-21lexpession in SLE patient
plasma, particularly in those with lupus
nephritis (LN) (28). However, our study had a
larger sample size, which more accurately
reflects the group differences. Stagakis et al.
found significant upregulation of miR-21
expression in SLE patient PBMCs through
microarray analysis, which was confirmed by
real-time PCR and western blots, consistent
with our findings (29). However, it should be
noted that their sample source was PBMCs
while ours was plasma. The study also
revealed that miR-21 demonstrated the most
noteworthy association with disease activity,
as it was found to be upregulated in both T and
B lymphocytes of individuals diagnosed with
active SLE. Furthermore, miR-21 was
observed to be wupregulated in activated
effector and memory T cells in mice, and
considerably impacted cellular proliferation
(29). Tang et al, evaluated miR-21 expression
in the plasma of 44 new-onset SLE patients
using relative gRT-PCR. Increased miR-21
expression was seen in SLE patients,
consistent with our findings. However, the
study’s sample size was limited and did not
include SLE patients who were receiving
treatments (30). Kourti et al. measured miR-
21expression in PBMCs of both inactive and
active SLE patients. Their findings revealed
significantly greater miR-21 expression in
active than in in inactive SLE patients, which
is consistent with our research demonstrating
elevated miR-21 levels in ND patients (31).
Khoshmirsafa et al. showed that miR-21
expression was significantly greater in SLE
patients, particularly in those with active lupus
nephritis, than in healthy subjects. Despite
different sample types and smaller sample size,
these findings support our results (32).

To date, studies investigating the role of
PDCD4 in SLE are limited, and none of these
studies have specifically examined PDCD4
expression in SLE patient plasma. However,
some reports have evaluated PDCD4
expression in cancer (33, 34). Our findings
indicated that SLE patients had greater PDCD4
expression than healthy subjects, particularly
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in those who were receiving treatment,
suggesting a potential correlation between
PDCD4 and disease management. Numerous
studies have identified PDCD4 as playing a
significant role in SLE pathogenesis, with
particular emphasis on its association with
miR-21. Stagakis and colleagues reported less
PDCD4 mRNA and protein expression in
individuals with active SLE than in healthy
subjects, which aligns with our findings
indicating lower PDCDA4 levels in ND patients
than in those under treatment. Additionally,
they conducted a prospective study of two
active SLE patients until they achieved
remission,  demonstrating an  inverse
relationship between miR-21 and PDCDA4.
Specifically, upon attaining remission, miR-21
MRNA expression was reduced while PDCD4
protein expression significantly increased.
While Stagakis et al. evaluated these
expressions in CD4+ T cells, we analyzed
plasma (29, 35). Garchow et al. reported that
miR-21 was consistently overexpressed in
mouse SLE lymphocytes and demonstrated
that silencing miR-21 in vivo reversed key
autoimmune manifestations, increased
PDCD4 expression, and altered lymphocyte
populations (36). Given the limited research in
this area, further investigation is warranted to
better understand the potential role of PDCD4
in SLE.

Diagnostic biomarkers can be categorized
based on their AUC values, which determine
the accuracy of a biomarker in distinguishing
between two groups, such as healthy versus
diseased. Biomarkers with an AUC value of
0.9-1.0 are considered excellent, indicating
high reliability in identifying the presence or
absence of a target condition. AUC values
between 0.8-0.9 indicate good diagnostic
accuracy, while values of 0.7-0.8 are
considered fair, meaning that they have
moderate diagnostic accuracy but may not be
as reliable as those with higher values. Poor
biomarkers have AUC values less than 0.7 and
should not be relied upon for diagnoses (37).
Evaluating the diagnostic utilities of miR-21,
PDCD4, and IL-10, miR-21 was identified as
an excellent biomarker (AUC = 0.9924) to
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distinguish SLE patients (PAT) from healthy
subjects. However, it was identified as a fair
diagnostic biomarker in distinguishing ND
from UT patients (AUC = 0.7140). Nakhjavani
et al. found that miR-21 was a reliable
diagnostic biomarker for LN, with an AUC of
0.912, which was consistent with our findings
(28). Our findings are at odds with Tang et al.'s
conclusions regarding the diagnostic potential
of miR-21 in differentiating new-onset SLE
patients from healthy subjects. While they
reported miR-21 to be a poor biomarker with
an AUC of 0.64, we found it to have excellent
diagnostic accuracy. The discrepancies
between our results and those of Tang et al.
may be attributed to differences in sample size
or patient selection criteria, including the
possible exclusion of patients receiving
treatment in their study (30). Khoshmirsafa et
al. identified miR-21 as a reliable biomarker
for differentiating between SLE patients and
healthy subjects (AUC = 0.84), as well as
distinguishing SLE patients with active LN
from those who were currently asymptomatic
(AUC = 0.89) (32). These results corroborate
our findings. According to Zheng et al.'s meta-
analysis, miR-21 demonstrated an AUC of
0.8281, suggesting its potential as a valuable
biomarker for diagnosing SLE. These results
are consistent with our own findings (38).
While Tangtanatakul et al. found that miR-21
was significantly less in LN patients with
active disease than in those with inactive
disease, and long-term follow-up of patients
showed down-regulation of miR-21 during
disease flare. Our study goes further by
demonstrating that miR-21 predicted the flare
in SLE patients at 24 weeks (39). However, to
our knowledge, no study has yet introduced
plasma miR-21 expression as a predictor of
SLE flare. Further research is required to fully
understand the potential of miR-21 as a
biomarker for predicting SLE flare.

While PDCD4 has limited ability to
differentiate between healthy subjects and
patients with a low AUC value of 0.5719, it
could be considered an exceptional biomarker
for distinguishing between ND and UT SLE
patients (AUC = 0.9984). Furthermore, the

findings of this study suggest that PDCD4 has
the potential to predict flare occurrence in SLE
patients after 24 weeks. While there have been
previous reports on the association between
PDCD4 and miR-21 in SLE, this is the first
study to establish PDCD4 as a reliable
biomarker for SLE flare prognosis.
Nevertheless, additional research is necessary
to validate these results.

Our findings showed that IL-10 expression
was significantly greater in SLE patients than
in healthy subjects, with the highest levels
observed in the ND group. IL-10 was
identified as a promising diagnostic biomarker
for SLE, with an AUC of 0.9612 for
distinguishing SLE patients from healthy
subjects and an AUC of 0.9332 for
discriminating between ND and UT patients.
Additionally, IL-10 has demonstrated potential
in predicting flare outcomes in SLE patients.
The reports regarding the overexpression of
IL-10 and its diagnostic utilities are consistent
with previous reports by Chun et al. (40),
Godsell et al. (41), and Hu et al. (42). Although
previous reports, such as the one by Jin et al.
(43), have evaluated the prognostic utilities of
IL-10, they were limited by factors such as
small sample size and outcome selection. Our
study addresses these limitations and provides
stronger evidence for the prognostic role of IL-
10 in predicting flare-ups.

While our study yielded promising results
regarding the potential diagnostic and
prognostic utilities of miR-21, PDCD4, and
IL-10 in SLE patients, we acknowledge that
there were limitations to our research. Despite
having a larger sample size than previous
studies, the generalizability of our findings
could be further improved by further
increasing the sample size. Furthermore, as our
study assessed these molecules only in plasma,
it may be worthwhile to explore their
expression in different cell types or tissues to
gain a more comprehensive understanding of
their role in SLE pathogenesis. Moreover, it is
important to note our study had a cross-
sectional design, which limits our ability to
establish a cause-and-effect relationship
between the levels of these molecules and
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disease progression. Therefore, we suggest
conducting a longitudinal cohort study to
further investigate the potential causal
relationships between miR-21, PDCD4, and
IL-10 expression and SLE progression.

Based on the findings of this study, we
conclude that miR-21 and IL-10 have great
potential as biomarkers for diagnosing SLE.
miR-21 demonstrated excellent accuracy,
while IL-10 showed good accuracy. Both these
biomarkers also proved to be effective
prognostic indicators for predicting flare-ups
in SLE patients. Furthermore, PDCD4 may be
a valuable biomarker for distinguishing
between ND and UT SLE patients. It could
also potentially help predict the occurrence of
flares after 24 weeks of treatment. However, it
is important to note that further research is
needed to validate these findings and establish
causal relationships.

Funding

The research presented in this manuscript was
supported by the Department of Research and
Technology at Golestan University of Medical
Sciences (Grant Code: 113117). We
acknowledge their financial and technical

References

1. Dorner T, Furie R. Novel paradigms in
systemic lupus erythematosus. The Lancet.
2019;393(10188):2344-58.

2. Danchenko N, Satia J, Anthony M.
Epidemiology of systemic lupus
erythematosus: a comparison of worldwide
disease burden. Lupus. 2006;15(5):308-18.

3. Pons-Estel GJ, Alarcon GS, Scofield L,
Reinlib L, Cooper GS, editors. Understanding
the epidemiology and progression of systemic
lupus erythematosus. Seminars in arthritis and
rheumatism; 2010: Elsevier.

4. Markopoulou A, Kyttaris VC. Small
molecules in the treatment of systemic lupus
erythematosus. Clin Immunol.
2013;148(3):359-68.

5. Eghbalpour F, Aghaei M, Ebrahimi M,
Tahsili MR, Golalipour M, Mohammadi S,
Yazdani Y. Effect of indole- 3- carbinol on

230 Rep. Biochem. Mol. Biol, Vol.12, No.2, Jul 2023

support, which made this study possible.

Ethical considerations

Ethical considerations were taken seriously
during this research study, which involved
human subjects. The study received approval
from the ethics committee at Golestan
University of Medical Sciences (Code of
Ethics: IR.GOUMS.REC.1401.280), and all
participants provided informed consent before
participating. Confidentiality and privacy were
maintained throughout the study, and measures
were taken to prevent any undue influence or
coercion.

Conflict of interest
We disclose that we have no conflicts of
interest.

Acknowledgments

We express our sincere gratitude and
appreciation to the personnel and staff of
Sayyad Shirazi Hospital and Research Central
Laboratory at Golestan University of Medical
Sciences for their invaluable support and
assistance during this research.

transcriptional profiling of wound-healing
genes in macrophages of systemic lupus
erythematosus patients: an RNA sequencing
assay. Lupus. 2020;29(8):954-63.

6. Pasquinelli AE, Hunter S, Bracht J.
MicroRNAs: a developing story. Curr Opin
Genet Dev. 2005;15(2):200-205.

7. Hammond SM. An overview of
microRNAs. Adv Drug Deliv Rev. 2015;87:3-
14.

8. lbrahim SA, Afify AY, Fawzy 10, EIl-
Ekiaby N, Abdelaziz Al. The curious case of
miR-155 in SLE. Expert Rev Mol Med.
2021;23:el1.

9. Omidi F, Khoshmirsafa M, Kianmehr N,
Faraji F, Delbandi A, Seif F, Shekarabi M.
Comparison of circulating miR-148a and miR-
126 with autoantibodies as biomarkers of lupus
nephritis in patients with SLE. J Immunoass
Immunochem. 2022;43(6):634-47.


http://dx.doi.org/10.61186/rbmb.12.2.220
http://old.rbmb.net/article-1-1195-en.html

[ Downloaded from old.rbomb.net on 2026-06-14 ]

[ DOI: 10.61186/rbmb.12.2.220 ]

miR21 Overexpression in SLE: A Potential Biomarker

10. Miao CG, Yang YY, He X, Huang C,
Huang Y, Zhang L, et al. The emerging role of
microRNAs in the pathogenesis of systemic
lupus erythematosus. Cell Signal.
2013;25(9):1828-36.

11. Nakhjavani M, Etemadi J, Pourlak T,
Mirhosaini Z, Zununi Vahed S, Abediazar S.
Plasma levels of miR-21, miR-150, miR-423
in patients with lupus nephritis. Iran J Kidney
Dis. 2019;13(3):198-206.

12. Zhao Q, Huang L, Qin G, Qiao Y, Ren F,
Shen C, et al. Cancer-associated fibroblasts
induce monocytic myeloid-derived suppressor
cell generation via IL-6/exosomal miR-21-
activated STAT3 signaling to promote
cisplatin resistance in esophageal squamous
cell carcinoma. Cancer Lett. 2021;518:35-48.
13. Yazdani Y, Sadeghi H, Alimohammadian
M, Andalib A, Moazen F, Rezaei A.
Expression of an innate immune element
(mouse hepcidin-1) in baculovirus expression
system and the comparison of its function with
synthetic human hepcidin-25. Iran J Pharm
Res. 2011;10(3):559-68.

14. Cross JT, Benton HP. The roles of
interleukin-6 and interleukin-10 in B cell
hyperactivity in systemic lupus erythematosus.
Inflamm Res. 1999;48(5):255-61.

15. Wu YR, Hsing CH, Chiu CJ, Huang HY,
Hsu YH. Roles of IL-1 and IL-10 family
cytokines in the progression of systemic lupus
erythematosus: Friends or foes? IUBMB Life.
2022;74(2):143-156.

16. Mohammadi S, Saghaeian Jazi M, Zare
Ebrahimabad M, Eghbalpour F, et al.
Interleukin 10 gene promoter polymorphisms
(rs1800896, rs1800871 and rs1800872) and
haplotypes are associated with the activity of
systemic lupus erythematosus and IL10 levels
in an Iranian population. Int J Immunogenet.
2019;46(1):20-30.

17. Geginat J, Vasco M, Gerosa M, Tas SW,
Pagani M, Grassi F, et al., editors. IL-10
producing regulatory and helper T-cells in
systemic  lupus erythematosus.  Semin
Immunol. 2019;44(101330).

18. Wang X, LiY,Wan L, LiuY,SunY, Liu
Y, Shi Y, et al. Downregulation of PDCD4
induced by progesterone is mediated by the

PIBK/AKT signaling pathway in human
endometrial cancer cells. Oncol Rep.
2019;42(2):849-56.

19. Wang L, Zhao M, Guo C, Wang G, Zhu F,
Wang J, et al. PDCD4 Deficiency Aggravated
Colitis and Colitis-associated Colorectal
Cancer Via Promoting IL-6/STAT3 Pathway
in Mice. Inflamm Bowel Dis.
2016;22(5):1107-18

20. Mohammadi S, Sedighi S, Memarian A,
Yazdani Y. Overexpression of interferon-y and
indoleamine 2, 3-dioxygenase in systemic
lupus erythematosus: relationship with the
disease activity. Lab Med 2017; 41(1): 41-47.
21. Ahearn JM, Liu CC, Kao AH, Manzi S.
Biomarkers for systemic lupus erythematosus.
Transl Res. 2012;159(4):326-42.

22. Castro-Leyva V, Arenas-Huertero F,
Espejel-Nufiez A, Giono Cerezo S, Flores-
Pliego A, Espino YSS, et al. miR-21
differentially regulates IL-1p and IL-10
expression in human decidual cells infected
with  streptococcus B. Reprod Biol.
2022;22(1):100604.

23. Jiang LH, Ge MH, Hou XX, Cao J, Hu SS,
Lu XX, et al. miR-21 regulates tumor
progression through the miR-21-PDCD4-Stat3
pathway in human salivary adenoid cystic
carcinoma. Lab Invest. 2015;95(12):1398-408.
24. Bragato JP, Rebech GT, Freitas JH,
Santos MOD, Costa SF, Eugénio FR, et al.
miRNA-21 regulates CD69 and IL-10
expression in canine leishmaniasis. PLoS One.
2022;17(3):€0265192.

25. Stagakis E, Bertsias G, Verginis P, Nakou
M, Hatziapostolou M, Kiritikos H, et al.
Identification of novel microRNA signatures
linked to human lupus disease activity and
pathogenesis: miR-21 regulates aberrant T cell
responses through regulation of PDCDA4
expression. Ann Rheum Dis.
2011;70(8):1496-506.

26. Roohi A, Yazdani Y, Khoshnoodi J,
Jazayeri SM, Carman WF, Chamankhah M, et
al. Differential reactivity of mouse monoclonal
anti-HBs antibodies with recombinant mutant
HBs antigens. World J Gastroenterol.
2006;12(33):5368-74.

Rep. Biochem. Mol. Biol, Vol.12, No. 2, Jul 2023 231


http://dx.doi.org/10.61186/rbmb.12.2.220
http://old.rbmb.net/article-1-1195-en.html

[ Downloaded from old.rbomb.net on 2026-06-14 ]

[ DOI: 10.61186/rbmb.12.2.220 ]

Kamil Alhassbalawi N et al.

27. Jazi MS, Mohammadi S, Yazdani Y,
Sedighi S, Memarian A, Aghaei M. Effects of
valproic acid and pioglitazone on cell cycle
progression and proliferation of T-cell acute
lymphoblastic leukemia Jurkat cells. Iran J
Basic Med Sci. 2016;19(7):779-86.

28. Nakhjavani M, Etemadi J, Pourlak T,
Mirhosaini Z, Zununi Vahed S, Abediazar S.
Plasma levels of miR-21, miR-150, miR-423
in patients with lupus nephritis. Iran J Kidney
Dis. 2019;13(3):198-206.

29. Stagakis E, Bertsias G, Verginis P, Nakou
M, Hatziapostolou M, Kritikos H, et al.
Identification of novel microRNA signatures
linked to human lupus disease activity and
pathogenesis: miR-21 regulates aberrant T cell
responses through regulation of PDCDA4
expression. Ann Rheum Dis.
2011;70(8):1496-506.

30. Tang ZM, Fang M, Wang JP, Cai PC,
Wang P, Hu LH. Clinical relevance of plasma
miR-21 in new-onset systemic lupus
erythematosus patients. J Clin Lab Anal.
2014;28(6):446-51.

31. Kourti M, Sokratous M, Katsiari CG.
Regulation of microRNA in systemic lupus
erythematosus: the role of miR-21 and miR-
210. Mediterr J Rheumatol. 2020;31(1):71-
74.

32. Khoshmirsafa M, Kianmehr N, Falak R,
Mowla SJ, Seif F, Mirzaei B, et al. Elevated
expression of miR-21 and miR-155 in
peripheral blood mononuclear cells as
potential biomarkers for lupus nephritis. Int J
Rheum Dis. 2019;22(3):458-467.

33. CaiQ, Yang HS, Li YC, Zhu J. Dissecting
the Roles of PDCD4 in Breast Cancer. Front
Oncol. 2022;12:855807.

34. El Gedawy G, Obada M, Kelani A, El-
Said H, Ghanayem NMJEjomhg. Circulating
MiRNA-21 and programed cell death (PDCD)
4 gene expression in hepatocellular carcinoma
(HCC) in Egyptian patients. Egypt J Med Hum
Genet. 2017;18(2):137-45.

35. S Stagakis E, Bertsias G, Verginis P,
Nakou M, Hatziapostolou M, Kritikos H, et al.
Micro RNA analysis reveals novel genes in

232 Rep. Biochem. Mol. Biol, Vol.12, No.2, Jul 2023

human systemic lupus erythematosus: miR-
21affects PDCD4 expression and regulates
aberrant T cell responses. Ann Rheum Dis.
2011;70(8):1496-506.

36. Garchow BG, Bartulos Encinas O, Leung
YT, Tsao PY, Eisenberg RA, Caricchio R, et
al. Silencing of microRNA-21 in vivo
ameliorates autoimmune splenomegaly in
lupus mice. EMBO molecular medicine.
EMBO Mol Med. 2011;3(10):605-15.

37. Rahmati M, Ferns GA, Mobarra N. The
lower expression of circulating miR-210 and
elevated serum levels of HIF-1a in ischemic
stroke; Possible markers for diagnosis and
disease prediction. J Clin Lab Anal.
2021;35(12):e24073.

38. Zheng X, Zhang Y, Yue P, Liu L, Wang
C, Zhou K, et al. Diagnostic significance of
circulating miRNAs in systemic lupus
erythematosus. PLoS One.
2019;14(6):e0217523.

39. Tangtanatakul P, Klinchanhom S, Sodsai
P, Sutichet T, Promjeen C, Avihingsanon Y,
Hirankarn N. Down-regulation of let-7a and
miR-21 in urine exosomes from lupus nephritis
patients during disease flare. Asian Pac J
Allergy Immunol. 2019;37(4):189-197.

40. Chun HY, Chung JW, Kim HA, Yun JM,
Jeon JY, Ye YM, et al. Cytokine IL-6 and IL-
10 as biomarkers in systemic lupus
erythematosus. J Clin Immunol.
2007;27(5):461-6.

41. Godsell J, Rudloff I, Kandane-Rathnayake
R, Hoi A, Nold MF, Morand EF, Harris J.
Clinical associations of IL-10 and IL-37 in
systemic lupus erythematosus. Sci Rep. 2016;
6:34604.

42. Hu C, Zhou J, Yang S, Li H, Wang C,
Fang X, et al. Oxidative stress leads to
reduction of plasmalogen serving as a novel
biomarker for systemic lupus erythematosus.
Free Radic Biol Med. 2016;101:475-481.

43. Jin S, Yu C, Yu B. Changes of serum IL-
6, IL-10 and TNF-a levels in patients with
systemic lupus erythematosus and their
clinical wvaluee. Am J Transl Res.
2021;13(4):2867-2874.


http://dx.doi.org/10.61186/rbmb.12.2.220
http://old.rbmb.net/article-1-1195-en.html
http://www.tcpdf.org

