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Introduction: Lupus nephritis (LN) is one of the most prevalent severe organ
manifestations of systemic lupus erythematosus (SLE), impacting 70% of SLE
patients. MicroRNAs (miRNAs), are small non-coding RNA molecules which
influence the expression of approximately one-third of human genes after the
process of transcription. Dysregulation of miRNAs was documented in numerous
disorders, including SLE and LN. Cytokines are the orchestrators of the immune
response in autoimmune diseases. Our study aims to explore the variation in the
levels of circulating miRNAs and proinflammatory cytokines as potential
diagnostic biomarkers among LN and SLE patients without LN in comparison
to controls.

Methods: The study involved 20 LN patients, 20 SLE patients without LN, and 10
healthy controls. Serum levels of IL-12 and IL-21 in addition to miR-124, miR-
146a, miR-199a, and miR-21 were assessed using the enzyme-linked
immunosorbent assay (ELISA) for cytokines and quantitative real-time PCR
for miRNAs.

Results: A significant downregulation in miR-124 (p<0.001) and a significant
overexpression of miR-146a (p=0.005) were found in SLE patients without LN in
comparison to controls. In comparison to SLE patients without LN and the
control group, miR-199a, miR-21, and miR-146a were significantly upregulated
in LN patients (p=<0.001) with high diagnostic values of these miRNAs in
discriminating LN from SLE patients without LN according to Receiver
operating curve (ROC) analysis. Logistic regression analysis revealed that only
miR-199a is an independent predictor of LN (OR 1.69; 95% CI: 1.1-2.6). The
expression of miR-124 was reduced in LN patients in comparison to the control
but increased in LN patients in comparison to SLE patients without LN. However,
there was no statistically significant difference in either scenario. In comparison
to both SLE patients without LN and controls, LN patients exhibited the highest
serum levels of IL-12 and IL-21, with no statistically significant difference.
Regression analysis revealed that only miR-146a was associated with creatinine
levels and SLEDAI score (p= 0.009 and 0.03, respectively), while miR-124 was
associated with hemoglobin level (p=0.03).
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Conclusion: MiR-199a is an independent predictor for LN and might be used as a
diagnostic biomarker for this disease. MiR-146a might play an important role in
LN pathophysiology.

SLE, LN, IL-12, IL-21, miR-124, miR-146a, miR-199a, miR-21

1 Introduction

Lupus nephritis (LN) is the most prevalent cause of death in
patients with systemic lupus erythematosus (SLE), impacting as
many as 70% of them (1). The percentage of people with LN
developing end-stage renal disease (ESRD) ranges from 15% to
30%, depending on the degree of the disease severity (2). The
pathogenesis of SLE and LN has been thoroughly studied, with
significant research conducted on both genetic and environmental
variables involved. Additionally, the significance of epigenetics in
the development of these diseases has gained more recognition (3).

MicroRNAs (miRNAs) are non-protein-coding, single-stranded,
18-25 nucleotide RNA molecules that modify post-transcriptional
gene expression. They have become recognized as potent regulators
of several pathways and genes implicated in the pathophysiology of
inflammatory illnesses in recent times (4, 5). Prior research has
proved that there is an aberrant expression of miRNA in SLE and
that it contributes to the progression of LN (6, 7). Advancing
knowledge of the molecular, biological, and cellular characteristics
of LN plays a crucial role in establishing diagnostic approaches and
treatment techniques (8).

The established methods for clinically evaluating LN encompass
conventional laboratory indicators, like complement and anti-
double-stranded (ds) DNA levels, in addition to parameters related
to renal involvement such as 24-hour proteinuria and glomerular
filtration rate (GFR) (9). Although these methods are widely used to
assess LN, they have shown poor effectiveness in rapid detection of
LN flare and have limited accuracy in discriminating between active
disease and long-term organ damage, which is crucial for efficient
treatment planning of LN (10, 11).

Additionally, while kidney biopsy remains the primary method
for confirming the diagnosis of LN and assess the degree and type of
kidney damage (12), its invasive nature and the diverse causes of
renal disease in SLE patients limit its utility in guiding treatment
decisions (13). Fluid-based biomarkers, which are established
indicators of physiological or pathological processes, or the
treatment effectiveness, provide promising complementary less
invasive alternatives for evaluating renal involvement in SLE
(14, 15).

MiRNAs can be identified in both human cell lines and bodily
fluids. Specific miRNA patterns in tissues and body fluids have been
established to be indicative of certain disorders (16). Profiling of
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miRNAs that are expressed differentially provides valuable
information on the epigenetic processes implicated in the
pathogenesis of different diseases (17). This knowledge can
potentially be used in practical fields for diagnosing and treating
these disorders.

LN is more likely caused by the impact of several miRNAs
rather than a single miRNA (18). Furthermore, several
inflammatory pathways contribute to the emergence of end-organ
symptoms in SLE, including LN. The type I interferon (IFN) and
the nuclear factor kappa B (NF-xB) pathways play crucial roles in
the inflammation processes associated with SLE and LN. miRNAs
can modify these inflammatory pathways by regulating the innate
and adaptive immune systems (19).

MiR-124 has a significant function in the regulation of both the
innate and adaptive immune responses (20). It decreases the
synthesis of interleukin (IL) 6 and tumor necrosis factor o
(TNFa) by specifically targeting signal transducer and activator of
transcription 3 (STAT3) and TNF-os converting enzyme (TACE)
through the toll-like receptor (TLR) 4-induced cytokine pathway
(21). Despite the importance of this miRNA, there is a lack of
research specifically investigating its involvement in the progression
of LN (21, 22).

MiR-146a is a negative regulator of innate signaling cascades. It
is downregulated in SLE patients, which is linked to an increased
type I IEN response (23). Despite its critical role, the data regarding
miR146 expression in SLE and LN is contradictory, with some
studies indicating its downregulation, while others report its
elevation (19).

MiR-199a, which regulates inhibitory kappa B kinase-3 (IKKf)
expression, is proved to be overexpressed and linked to the
activation of NF-kB. This activation leads to an augmented
synthesis of TNF-a and IL-1f in a human cell line model of LN
(24). The latter study suggests that the patterns of miR-199
expression could serve as a novel diagnostic approach for
predicting kidney involvement; however, they recommend further
studies investigating its role in LN.

MiR-21 expression has been documented to be increased in
CD4" T-cells obtained from individuals with SLE and in lupus-
prone MRL/Ipr mice (25). While many studies have reported the
upregulation of miR-21 in lupus patients in comparison healthy
controls (3, 26-28), limited studies, to our knowledge, have
examined its expression in LN patients (29).
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Cytokines and chemokines are essential in the progression of
LN, specifically in the recruitment of white blood cells and
coordination of the inflammatory response (17).

Interleukin (IL)-12, in conjunction with IL-18, augments the
production of IFN-y and facilitates the proliferation or
differentiation of naive T cells, acting as a strong inducer of TH1
cell differentiation (30). SLE patients were found to have increased
levels of IL-12 in their blood (3, 31). Nevertheless, some studies have
indicated a decrease in IL-12 expression in individuals diagnosed
with SLE and LN (32, 33). Therefore, the exact contribution of IL-12
in the pathophysiology of LN is still uncertain, leading to a
controversial understanding of its role (34).

Interleukin (IL)-21 is regarded as the primary cytokine that
impacts the activation and differentiation of both T and B-cells (35).
It is generated by CD 4" T-cells, such as T helper 17 (TH17) and
follicular CD4" T-cells (36). IL-21 exhibits several effects that
dictate the behavior of B cells in reaction to stimuli (37). It has
been proved that IL-21 stimulates the secretion of IL-17, a key
cytokine implicated in inflammatory processes like those seen in
LN, thus prompting an inflammatory T-cell reaction (38). While
numerous animal research have shown that IL-21 has a role in the
pathophysiology of LN, there have been fewer investigations
conducted on humans to understand this association (37, 39, 40).

While there has been considerable attention to the role of
miRNAs in SLE development, fewer studies have specifically
investigated their involvement in LN pathogenesis. Although the
expression pattern of miRNAs in renal tissues may not be exactly
the same as in the peripheral blood, the signaling transduction
circuits implicated are clearly similar (24). Therefore, our work
sought to further explore the pattern of expression of circulatory
miRNAs and proinflammatory cytokines in SLE, with a specific
focus on LN. Screening for miRNAs and cytokines could be
beneficial in identifying predictive biomarkers and giving insights
into their role in these diseases. Additionally, these biomolecules
could be potential treatment targets for future studies.

2 Patients and methods
2.1 Participants enrollment

This study has been approved by the Research Ethical Committee,
Faculty of Medicine, Cairo University (N-281-2023). It is a case-control
design that included 40 patients diagnosed with SLE who were aged 18
or older and satisfied the revised criteria for SLE classification
according to Aringer et al. (41). Additionally, ten healthy individuals
who had the same age and gender as the SLE patients were included as
controls. SLE patients involved 2 groups; 20 SLE patients diagnosed
with LN and 20 SLE patients without nephritis. LN patients were
diagnosed as having nephritis based on recommendations set by the
American College of Rheumatology (42). Subjects were enrolled from
the outpatient clinic at the Department of Rheumatology, Faculty of
Medicine, Cairo University, between October 2023 and December
2023. Explicit consent was acquired from all participants in the study.
Data on age, gender, clinical features, medications, and systemic lupus
erythematosus activity index (SLEDAI) scores (43) were collected. The
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renal Systemic Lupus Erythematosus Disease Activity Index (rfSLEDAI)
was utilized to assess the activity of kidney disease, considering the
presence of hematuria, pyuria, proteinuria, and urinary casts. Patients
with a rSLEDALI score of 4 or higher were designated as having LN.
Blood samples (3 mL) were obtained from both patients and controls.
The serum was obtained from freshly collected blood samples by
centrifuging them at a speed of 4000 times the force of gravity (4000 xg)
for 10 minutes. The extracted serum was subsequently preserved at a
temperature of -80°C until it was needed for further testing.

2.2 Measurement of serum level of IL-12
and 21

Serum levels of IL-12 and IL-21 were measured in sera of all
participants using Human Interleukin 12 and 21 ELISA Kits,
Bioassay Technology Laboratory, Zhejiang, China (Cat. No
E0099Hu and Cat. No E0057Hu, respectively) according to the
manufacture’s protocol.

2.3 Measurement of serum levels of
mMiRNAs expression

The RNA was obtained from serum using the miRNeasy mini
kit (Qiagen, Valencia, CA, USA) and the purification process
specifically intended for extracting total RNA from serum, which
includes noncoding RNAs following manufacturer’s protocol. The
RNA samples underwent RNA quantification and purity evaluation
using the NanoDrop® (ND)-1000 spectrophotometer (NanoDrop
Technologies, Inc. Wilmington, USA). The miRNA analysis
involved the reverse transcription (RT) of miRNAs into
complementary DNAs (cDNAs) using the miScript II RT kit
(Qiagen, Valencia, CA, USA). This procedure was performed on
total RNA, following the manufacturer’s protocol, in a final volume
of 20 uL. The miScript SYBR® Green PCR kit (Qiagen, Valencia,
CA, USA) was used to perform Quantitative Real-time PCR (qPCR)
in a total volume of 25uL (Table 1). The gPCR was performed
according to the manufacturer’s protocol, using the following
primers: miR21 (Catalog no. YP00204230), miR-146a (Cat No
MS00003535), miR-199a (Cat No. YP00204536) provided by
Qiagen, Valencia, CA, USA, and Hsa-miR 124 (cat No
MI0000443) provided by Thermofisher Scientific, USA. The

TABLE 1 The reaction mix.

Component Volume/reaction

2x QuantiTect SYBR Green PCR Master Mix 125 ul
10x miScript Universal Primer 25u
10x miScript Primer Assay * 2.5 ul
RNase-free water Variable
Template cDNA (added at step 3) <25ul
Total volume 25 ul

*The miscript primer assay: (miR-21, miR-124, miR-146a, miR-199a and SNORD 68).
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Rotor-gene thermocycler (Qiagen, USA) was programmed as
follows: an initial activation stage of PCR at 95°C for 15 minutes,
followed by 40 cycles of denaturation at 94°C for 15 seconds,
annealing at 55°C for 30 seconds, and extension at 70°C for
30 seconds.

2.3.1 Results calculation

After completing the PCR cycles, melting curve analyses were
used to confirm the accurate generation of the expected PCR
product. Since there is a dearth of endogenous reference
housekeeping genes for miRNA in serum, the SNORD 68 gene
was utilized as a reference housekeeping gene to standardize the
expression pattern and measure the target miRNAs. The ACt
method was employed to assess the levels of expression of the
target miRNAs. The cycle threshold (Ct) value represents the
number of qPCR cycles required for the fluorescent signal to
reach a predefined threshold. ACt was calculated by subtracting
the Ct values of reference genes from those of the miRNAs of
interest. AACt was calculated by subtracting the ACt value of
control samples from that of disease samples. The fold change
(FC) in miRNA expression was calculated using the equation
2-AACt.as follows:

ACt(SLEx» / LN patients) = Ct(miRNA) - Ct(Endogenous control)
ACt(Contml) = Ct(miRNA) - Ct(Endogenaus control)
AACt(SLE /LN patients) = ACt(SLE/LN patients) ACt(C(mtrol)

FC(Rq) = 2744

10.3389/fimmu.2024.1449296

*SLE patients refer to SLE patients without LN.

A positive FC indicates upregulation of the miRNA, while a
negative FC indicates downregulation. The control value was
assigned as 1, as ~AACt for control subjects is zero, and 2° equals
one. Schematic presentation of the study protocol is shown in Figure 1.

2.4 Statistical analysis

The data was encoded and analyzed using IBM Corp.’s (Armonk,
NY, USA) statistical software package for the social sciences (SPSS)
version 28. Quantitative data were described by mean, standard
deviation and median, while count and percentage were used for
categorical data. To compare quantitative and categorical data,
respectively, the non-parametric Kruskal-Wallis and Mann-Whitney
tests as well as the chi-square test were used (44). The exact test was used
if the expected frequency is less than 5 (45). The associations between
the clinical results and the miRNAs and cytokines under investigation
were analyzed using the Spearman correlation (46) and linear regression
analysis (47). To find out if distinct miRNAs function as independent
predictors of LN, logistic regression was used (48). P-values were
deemed statistically significant if they were less than 0.05. To precisely
identify SLE and LN, a Receiver Operating Characteristic (ROC) curve
was made, and an area under the curve (AUC) analysis was carried out.

3 Results
3.1 Characteristics of SLE patients

Our study investigated 40 SLE patients including 20 patients
diagnosed with LN together with 10 healthy controls. Most of the

20 SLE patients

[ 20 LN patients ] [ without LN J [ 10 Healthy Controls ]

¥ s e .
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i ¥

BMI
SLE duration
¥ ¥
Clinical Manifestations
¥ ¥

Laboratory Investigations
* CBC, ESR, CRP

* Kidney functions studies

« Immunological disorders (ANA, anti-ds DNA, C3, C4)

X
I Renal Biopsy
' " g
SLEDAI
SLICC DI
i |
l Treatment
X X

Measurement of serum level of IL-12, IL-21
and miR-124, miR-146a, miR-21 and miR-199a expression

FIGURE 1

Flow chart for the study protocol. SLE, systemic lupus erythematosus; LN, lupus nephritis; BMI, body mass index; CBC, complete blood count; ESR,
erythrocyte sedimentation rate; CRP, c-reactive protein; ANA, anti-nuclear antibody; Anti-dsDNA, anti-double stranded deoxyribonucleic acid;
SLEDAI, systemic lupus erythematosus activity index; SLICC DI, Systemic lupus international collaborating clinics damage index; IL-12, Interleukin-12;
IL-21, Interleukin-21; miR-124, micro RNA-124; miR-146a, micro RNA-146a; miR-21, micro RNA-21; miR-199a, micro RNA-199a.
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patients were females (n=36) with only 4 males with a mean age of 33.4
+ 8.1 years. Patients were matched with the control group in terms of
age (31.3 £ 7.9 years) and gender (8 females and 2 males), with no
significant difference observed (p=0.47 and p=0.5 respectively).

Characteristics of SLE patients with and without LN are
demonstrated in Table 2. The patients in the LN group developed
nephritis after a mean of 6.7 + 5.04 years and their mean proteinuria
was 2.04 + 2.62 g/24 hr. Patients with LN had a considerably greater
occurrence of hypertension, dyslipidemia, and metabolic syndrome
compared to those without LN. All patients tested positive for ANA,
with 50% (n=10) showing a speckled pattern, 45% (n=9) showing a
homogeneous pattern, and 5% (n=1) showing a rim pattern in those
with LN. In SLE patients without LN, 75% (n=15) showed a
speckled pattern and 25% (n=5) showed a homogenous pattern.
The frequency of anti-dsDNA was substantially greater in patients
with LN compared to those without. Patients with LN showed an
increased consumption rate of C3 and C4, although this disparity
did not reach statistical significance. In addition, the patients in the
nephritis group had a significantly greater SLEDAI score.
Statistically significant greater doses of steroids were administered
to nephritis patients compared to other patients. Only patients
diagnosed with LN were being administered cyclophosphamide.
Additionally, a higher proportion of patients with LN were
receiving mycophenolate mofetil in comparison to those without
LN, and this difference was statistically significant.

3.2 Renal biopsy findings in LN patients

Out of the 20 LN cases, nephritis was definitively diagnosed
through renal biopsy in 15 patients (75%). In the other 5 LN
patients, the diagnosis was made according to the recommendations
set by the American College of Rheumatology (42). Renal biopsy
findings are presented in Table 3. Class IV was the most
predominant among the cohort (50%). Their mean activity index
was 6.55 + 5.36 and their mean chronicity index was 1.5 + 1.6.

3.3 Serum levels of ILs and fold change in
expression of miRNAs in different groups

Serum levels of IL-12, IL-21, and FC in miR-124, miR-146a,
miR-199a, and miR-21 expression in SLE patients with and without
LN as well as control groups are presented in Table 4. On
comparing the FC between patients versus control, it was evident
that miR-124 exhibited a statistically significant decrease among
SLE patients without LN, while miR-146a was substantially
upregulated (p= <0.001 and 0.005, respectively) (Figures 2A, B).
Among the patients in the same group, there was a rise in the IL-12,
IL-21 levels, and FC of miR-199a and miR-21 in their serum in
comparison to the control group. However, this discrepancy did not
achieve statistical significance.

In LN patients, miR-199a, miR-146a, and miR-21 were shown to
be significantly elevated (p= <0.001) in comparison to both SLE
patients without LN (Figures 2C-E) and the control group
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TABLE 2 Characteristics of the SLE patients with and without LN.

SLE patients (h=40)

Variable p-value

Mean + SD or

n (%) without LN

LN (n=20) (n=20)

Age (years) 325+79 343 +85 0.5
Gender F:M 17:03 19:01 0.31
Age at onset (years) 249+ 73 282 +8 0.18
SLE duration (years) 8.7 +5.1 6.1 +5.8 0.14
BMI 288 £ 5.2 297 +7 0.82
Diabetes 3 (15) 1(5) 0.31
Hypertension 15 (75) 3 (15) <0.0001
Dyslipidemia 19 (95) 13 (65) 0.019
Metabolic syndrome 12 (60) 4 (20) 0.009
Constitutional 15 (75) 17 (85) 0.44
Mucocutaneous 20 (100) 16 (80) 0.04
Musculoskeletal 17 (85) 18 (90) 0.64
Pulmonary 4 (20) 6 (30) 0.48
Cardiac 5(25) 3 (15) 0.44
CNS 5(25) 5 (15) 1
PNS 0 (0) 1(5) -
Hematologic 10 (50) 12 (60) 0.54
GIT 1(5) 3 (15) 031
Vasculitis 1(5) 3 (15) 0.31
Ocular 0 (0) 3 (15) -
Thrombosis 2 (10) 5 (15) 0.22
APS 4 (20) 8 (40) 0.21
ESR (mm/1* hr) 449 + 133 363 + 243 0.18
CRP positive 2 (10) 2 (10) 1
Hemoglobin (g/dl) 11.2+2 11.6 + 1.4 0.46
TLC (x10%/mm?) 7.1 +24 6+22 0.14
Platelets (x10°/mm”) 258.6 + 82.2 235.1 +100.9 043
Creatinine (mg/dl) 1.03 + 0.4 0.71 £ 0.14 0.003
Urea (mg/dl) 421 £27.1 295 +9.7 0.06
s.Albumin (mg/dl) 35+ 099 4+043 0.06
SUA (mg/dl) 57+ 1.7 44+17 0.02
Current proteinuria 13 0 0.001
Hematuria 1 1 1
Pyuria 6 0 0.02
Casts 0 1 1
GFR (ml/min/1.73mA2) 81.6 £ 334 100.4 + 29.6 0.07
Consumed C3 6 (30) 2 (10) 0.14
(Continued)
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TABLE 2 Continued

SLE patients (n=40)

Variable
Mean + SD or

n (%) without LN

LN (n=20) (n=20)

Consumed C4 4 (20) 1(5) 0.17
ANA 20 (100) 20 (100) 1
Anti-dsDNA 16 (80) 10 (50) 0.047
SLEDAI 32 +286 0.4 +£0.99 <0.0001
Remission 13 (65) 4 (20) 0.003
SLICC DI 055+1 0.5 +0.76 0.86
Steroids (mg/d) 135 + 44 89 +41 0.001
Cyclophosphamide 10 (50) 0 (0) -
Hydroxychloroquine 14 (70) 13 (65) 0.74
Azathioprine 3 (15) 6 (30) 0.27
Mycophenolate mofetil 14 (70) 6 (30) 0.01
Cyclosporin A 2 (10) 1(5) 0.56
Rituximab 0 (0) 4 (20) -

SD, standard deviation; SLE, systemic lupus erythematosus; LN, lupus nephritis; BMI, body
mass index; ESR, erythrocyte sedimentation rate; CRP, c-reactive protein; TLC, total
leucocytic count, GFR, glomerular filtration rate; ANA, anti-nuclear antibody; Anti-
dsDNA, anti-double stranded deoxyribonucleic acid; SLEDAI, systemic lupus
erythematosus activity index; SLICC DI, Systemic lupus international collaborating clinics
damage index. Bold values are significant at p<0.05.

(Figures 2F-H). The miR-199a showed the greatest FC overexpression
(4.8), followed by miR-21 (4.16) and finally miR-146a (3.6).
Additionally, logistic regression analysis revealed that only miR-199a
is an independent predictor of LN (OR 1.69; 95% CI: 1.1-2.6).

The expression of miR-124 was shown to be reduced in LN
patients in comparison to the control group, nevertheless, this
difference was not statistically significant. Interestingly, the levels of
miR-124 were greater in LN patients in comparison to SLE patients
without LN, but this difference was not statistically significant.

Concerning the studied parameters in all patients, only serum
level of IL-21 was significantly higher in females (561.9 + 391.5)
compared to males (267.01 + 127.5; p=0.001). Patients with
metabolic syndrome (n=16) had a significantly higher FC increase
in miR-199a (7.41 * 5.83) compared to those without (3.8 + 3.9;
0.038). Additionally, in patients with hypertension (n=18), there
was a significant elevation in FC of miR-146a, mi-R21 and miR-
199a (p=0.01, p=0.02 and p=0.001). Cases with dyslipidemia (n=32)
had a significantly increased IL-12 levels (p=0.002) and increase FC
of miR-124 (p<0.0001) compared to those without.

Patients with pulmonary manifestations (n=10) had a
significantly less fold increase of miR-146a (4 + 3.5) compared to
those without (9.1 + 7.8; p=0.008) also those with GIT involvement
(n=4) had a significantly lower fold increase of miR-21 (2.2 + 2.8) vs
those without (7 * 8.5; p=0.037). Those with vasculitis (n=4) had
significantly reduced IL-21 levels and FC of miR-124 (253 + 147.4
and 0.04 £ 0.05 vs 586.3 + 410.5 and 0.54 + 0.8; p=0.008 and
p=0.001, respectively). Cases with thrombosis (n=7) had a
significantly lower level of IL-12 and lower FC of miR-124 (102.2
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TABLE 3 Biopsy findings in patients with LN.

Renal biopsy findings LN (n=20)

Class: 0 (No biopsy) 5(25)

111 4 (20)

v 10 (50)
v/v 1(5)
Activity index 6.55 + 5.36
Endocapillary Hypercellularity 1.55 + 1.28
Leukocyte Infiltration 145+ 1.28
Subendothelial Hyaline Deposits 05+ 1.1
Fibrinoid Necrosis 045+ 1
Cellular Crescents 0.4 +0.82
Interstitial Inflammation 1.55 + 1.43
Chronicity Index 1.5+ 1.61
Glomerular Sclerosis 0.9 £ 0.72
Fibrous Crescents 0

Tubular Atrophy 0.15 + 0.67
Interstitial Fibrosis 0.45 + 0.83

+32.7and 0.13 £0.12 vs 201.7 + 180.9 and 0.57 + 0.84; p=0.006 and
p=0.007 respectively). Levels of the studied parameters were
comparable between those with and without other manifestations.
IL-12 and FC in miR-146a expression were significantly increased
in those with disease remission (n=17) (269.02 + 200.1 and 11.3 *
8.3vs121.6 +£108.3 and 5.3 + 5.2; p=0.01 and p=0.008 respectively).
Regarding the laboratory findings, only IL-12 was significantly
decreased in those with consumed C3 (n=8) (108.6 + 30.2 vs 207
+ 185.6; p=0.008). The levels of the studied parameters were similar
between those receiving medications and those not.

3.4 Correlation between IL-12, IL21 and the
studied miRNAs

As shown in Table 5, correlation analysis revealed a substantial
association between IL-12 and IL-21 (r=0.6, p<0.0001). On the other
hand, the IL-21 showed a significant correlation with miR-124 (r=0.39,
p=0.012). The miRNA- 124 also showed a notable association with
miR-199a (r=0.47, p=0.002). The miR-146a was significantly
correlated with both miR-199a (r=0.64, p<0.0001) and miR-21
(r=0.44, p=0.005). Additionally, there was a statistically significant
correlation between miR-199a and miR-21 (r=0.51, p=0.001).

3.5 Correlation between the studied
parameters and clinical parameters of LN
and biopsy findings

The correlation of the studied parameters with some features,
laboratory investigations, disease activity and damage as well as drug
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TABLE 4 Comparison between serum level of IL-12, IL-21and fold change (FC) of miR-124, miR-146a, miR-21 and miR-199a expression in the

studied groups.

SLE patients (n=40)

Serum level/Fold

change (FC) Without (Cniqgfl

(mean + SD) LN (n=20) LN (n=20)

IL-12 214.5 + 189.7 154.02 + 143.4 112.5 £ 333 0.448 0.681 0.134
IL-21 574.5 + 397.9 531.5 + 419.02 420.6 + 264.2 0.422 0.948 0.398
MiR-124 0.59 £ 0.72 0.39 + 0.84 1.02 £ 0.09 0.06 < 0.001 0.06
MiR-146a 123+ 75 34+£32 1.03 £ 0.1 < 0.001 0.005 < 0.001
MiR-21 10.4 + 10.04 25+25 1.03 £ 0.1 < 0.001 0.328 < 0.001
MiR-199a 87 +49 1.8 +1.8 1.03 £ 0.1 < 0.001 0.248 < 0.001

SD, standard deviation; SLE, systemic lupus erythematosus; miR, micro ribonucleic acid; LN, lupus nephritis; P1, between LN and control; P2, between SLE without LN and control; P3, between

SLE with and without LN. Bold values are significant at p<0.05.

doses are presented in Table 6. The expression of miR-124 showed a
positive correlation with the creatinine level (r= 0.33, p= 0.04), but a
negative correlation with the hemoglobin level (r=-0.04, p= 0.005)
and activity index (r= -0.7, p= 0.002).A significant negative
association was observed between miR-146a and both age and age
at the onset of SLE (r= -0.36, p= 0.02; r= 0.44, p= 0.01, respectively).
Moreover, there was significant positive correlation between miR-
146a and creatinine level, steroid dose, proteinuria and SLEDAI score
(r=0.32, p= 0.04; r= 0.4, p= 0.008; r= 0.36, p= 0.02; r=0.44, p= 0.004,
respectively). MiR199a was significantly correlated to SLE duration,
urea level, creatinine level, proteinuria and SLEDAI score (r= 0.33, p=
0.04; r= 0.32, p= 0.04; r= 0.44, p=0.005; r= 0.6, p= <0.001; r= 0.45, p=
0.004, respectively). A significant negative association was found
between miR-199a and azathioprine dose (r= -0.65, p= 0.04).
Whereas miR-21 was significantly correlated to nephritis duration
and proteinuria (r= 0.47, p=0.04; r= 0.5, p= <0.001, respectively) and
negatively correlated to C4 level (r= -0.44, p= 0.04). IL-12 was
correlated only negatively to GFR (r= -0.3, p= 0.048), while IL-21
was correlated negatively to hemoglobin level (r= -0.35, p= 0.03) and
positively to azathioprine dose (r= 0.81, p= 0.005). None of the
studied candidates were correlated to renal biopsy class.

On regression analysis of all the correlated parameters with
studied miRNAs and cytokines, none remained significant. Only
the association of serum creatinine and SLEDAI with miR146
remained significant (p= 0.009 and 0.03, respectively) and the
association of Hb with miR124 (p=0.03) (Figure 3).

3.6 The diagnostic value of the studied
parameters on SLE and LN

A ROC analysis was constructed in order to evaluate the
diagnostic efficacy of the parameters under investigation in
discriminating between SLE patients with and without LN as
depicted in Figure 4A. It was found that miR-146a would
significantly differentiate with area under the curve (AUC) 0.9 at
cutoff value 3.7 (sensitivity 90%, specificity 80%, p= <0.001).
Similarly, miR-21 demonstrated discriminatory power with a
cutoff 7.72 and AUC of 0.82 (sensitivity 55%, specificity 100%,

Frontiers in Immunology

p= <0.001). Additionally, miR-199a displayed a significant
discriminatory ability with a cutoff of 3.9 and an AUC of 0.96
(sensitivity 85%, specificity 95%, p<0.0001) and miR-124 with a
cutoff of 0.05 and an AUC of 0.68 (sensitivity 80%, specificity 55%,
p=0.046). However, the studied interleukins could not significantly
discriminate between SLE patients with and without LN.

Furthermore, a ROC analysis was constructed to assess the
diagnostic efficacy of the studied parameters in distinguishing SLE
patients without LN from the control group, as illustrated in
Figure 4B1. It was found that miR-146a would significantly
differentiate with area under the curve 0.82 at cut off value 1.24
(sensitivity 80%, specificity 100%, p<0.0001). Similarly, miR-124
exhibited substantial discriminatory power with a cutoff of 0.63 and
an AUC of 0.89 (sensitivity 85%, specificity 100%, p=<0.0001) as
shown in Figure 4B2. However, the other parameters could not
significantly differentiate between SLE patients without LN and
the control.

4 Discussion

LN is one of the most devastating conditions linked to SLE. It is
typically associated with a poor outcome, with one third of LN
patients eventually developing end-stage renal failure (49). It is
crucial to find biomarkers that are noninvasive to improve our
comprehension of disease pathogenesis, enable early diagnosis and
the potentiality of being a therapeutic target for LN treatment (19).
While numerous research investigations have emphasized the
participation of miRNAs in the development of SLE, fewer have
delved into their role specifically in LN pathogenesis. Therefore, the
purpose of this work was to conduct additional research on the
function of miRNAs in SLE, with a specific focus on LN, and to
explore their relationship with pro-inflammatory cytokines.

In our study, we investigated miR-124, one of the known negative
regulators of inflammation whose level has been reported to be
downregulated in some autoimmune diseases such as rheumatoid
arthritis and SLE (50). Our investigation demonstrated a significant
reduction in miR-124 expression levels in SLE patients in comparison
to controls. This finding further supports the existing evidence
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Relative expression of miRNAs in blood of the studied groups. (A, B) Relative expression of miRNAs in systemic lupus erythematosus (SLE) without
lupus nephritis (LN) patients compared to healthy control, (A) miR-124 was significantly decreased in SLE patients without LN compared to healthy
control. (B) miR-146a was significantly increased in SLE patients without LN compared to healthy control. (C—E) Relative expression of miRNAs in LN
patients compared to SLE without LN patients. (C) miR-146a was significantly increased in LN patients compared to SLE patients without LN.

(D) miR-199a was significantly increased in LN patients compared to SLE patients without LN. (E) miR-21 was significantly increased in LN patients
compared to SLE patients without LN. (F=H) Relative expression of miRNAs in LN patients compared to control group. (F) miR-146a was significantly
increased in LN patients compared to controls. (G) miR-199a was significantly increased in LN patients compared to controls. (H) miR-21 was

significantly higher in LN patients compared to controls.

suggesting that miR-124 plays a protective role in SLE. This
observation aligns with previous research (51, 52). Conversely, a
prior study reported an increase in miR-124-3p expression in
individuals with SLE (53). The researchers claimed that it impacts
SLE by suppressing the transcription of early growth response-1
(EGR1), a protein that controls the attachment and survival of
healthy cells, which is reduced in SLE (54, 55). Nevertheless, this
work specifically examined miR-124-3p, which is derived from the 3’

end arm of the miR-124 precursor.

Frontiers in Immunology

Additionally, we found that miR-124 was downregulated in LN
patients than in non-diseased control group, but the discrepancy
was not statistically significant. However, other studies
demonstrated a significant downregulation of miR-124 in LN
patients in comparison to healthy controls (21, 22). Interestingly,
we noticed that miR-124 levels were higher in LN group in
comparison to SLE patients without LN, but this difference did
not achieve statistical significance. This finding contrasts with
Zhang et al. (22), who observed significantly lower miR-124
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TABLE 5 Correlations between ILs and miRNAs.

10.3389/fimmu.2024.1449296

IL-12 (ng/L) IL-21 (ng/L) miR-124 miR-146a miR-199a
r (p-value)

IL-12 1.000 (-) 0.6 (<0.0001) 0.292 (0.068) 0.185 (0.253) 0.026 (0.873) 0.265 (0.098)
IL-21 0.6 (<0.0001) 1.000 (-) 0394 (0.012) 0.168 (0.300) -0.06- (0.737) 0.140 (0.388)
miR-124 0.292 (0.068) 0394 (0.012) 1.000 0.135 (0.408) 0.167 (0.304) 0.469 (0.002)
miR-146a 0.185 (0.253) 0.168 (0.300) 0.135 (0.408) 1.000 (-) 0.436 (0.005) 0.64 (< 0.001)
miR-21 0.026 (0.873) -0.06- (0.737) 0.167 (0.304) 0.436 (0.005) 1.000 (.) 0.512 (0.001)
miR-199a 0.265 (0.098) 0.14 (0.388) 0.469 (0.002) 0.638 (<0.001) 0.512 (0.001) 1.000 ()

r*, Correlation coefficient; Bold values are significant at p<0.05.

expression in LN patients compared to SLE patients without LN.
They found that miR-124 overexpression, by downregulating the
target gene TNF-receptor associated factor 6 (TRAF6), inhibits cell
proliferation and decreases the production of inflammatory factors
in human renal mesangial cells. The different observed results in our
study could be potentially attributed to factors such as the small

sample size, genetic variations, or the influence of extensive
immunosuppressive therapy received by these patients.

Another miRNA of interest is miR-146a which is known to
regulate the inflammatory response by targeting TLRs and other
effectors like TRAF6, thus preventing the transcription of NF-xB
(56). Despite its crucial role, the data about miR146 expression in

TABLE 6 Correlation between the studied parameters and clinical characteristics of LN.

miR-124 miR-146a miR-199a
r (p-value)

Age (n=40) 0.14 (0.4) -0.057- (0.73) -0.01- (0.9) -0.36- (0.02) -0.14- (0.4) -0.06- (0.7)
age at onset of SLE (n=40) -0.03- (0.9) -0.21- (0.2) -0.11- (0.5) -0.44- (0.01) -0.3- (0.1) -0.27- (0.1)
SLE duration (n=40) 0.23 (0.16) 0.24 (0.14) 0.19 (0.25) 0.25 (0.13) 0.18 (0.26) 0.33 (0.04)
nephritis duration (n= 20) 0.41 (0.07) 032 (0.17) 0.06 (0.81) 0.15 (0.54) 0.47 (0.04) -0.06- (0.8)
Hb (gm/dl) (n=40) -0.2- (0.22) -0.35- (0.03) -0.4-(0.005) -0.07- (0.7) -0.19- (0.2) -0.24- (0.14)
TLC (1000/cm3) (n=40) 029 (0.07) 0.1 (0.53) -0.1- (0.53) 0.2 (0.22) 0.07 (0.69) 0.17 (0.31)
PLT count (1000/cm3) (n=40) -0.23- (0.16) 0.07 (0.66) -0.08- (0.6) 0.09 (0.57) 0.18 (0.27) -0.08- (0.62)
CRP (mg/dl) (n=40) 0.12 (0.47) 0.28 (0.09) 0.24 (0.13) 0.07 (0.67) 023 (0.15) 025 (0.12)
24 Hrs Ptn (g/d) (n=40) 0.09 (0.57) -0.08- (0.62) 0.19 (0.23) 0.36 (0.02) 0.5 (< 0.001) 0.6 (< 0.001)
urea (mg/dl) (n=40) 0.01 (0.96) -0.05-(0.77) 0.27 (0.09) 0.06 (0.71) 026 (0.11) 0.32 (0.04)
creatinine (mg/dl) (n=40) 0.26 (0.1) 0.14 (0.4) 0.33 (0.04) 0.32 (0.04) 0.14 (0.38) 0.44 (0.005)
GFR (ml/min/1.73mA2) (n=40) -0.3-(0.048) -0.17-(0.27) -0.23-(0.2) -0.18-(0.26) 0.02 (0.91) -0.28-(0.08)
C3 (mg/dl) (n=24) 0.15 (0.49) 029 (0.18) 0.15 (0.5) -0.06- (0.78) -0.29- (0.17) -0.1- (0.65)
C4 (mg/dl) (n=22) -0.13- (0.58) 0.08 (0.72) 0.34 (0.12) -0.16- (0.49) -0.44- (0.04) -0.25- (0.25)
SLEDAI (n=40) 029 (0.07) 0.13 (0.42) 0.27 (0.09) 0.4 (0.004) 0.13 (0.41) 0.45 (0.004)
Activity index (n=15) -0.03- (0.9) -0.08- (0.77) -0.7-(0.00) -0.41- (0.12) -0.11- (0.6) -0.27- (0.33)
Chronicity index (n=15) 0.17 (0.54) -0.1- (0.7) 0.1 (0.73) -0.08- (0.78) 0.09 (0.74) -0.11- (0.7)
Class (n=15) -0.29- (0.3) -0.39- (0.15) -0.38- (0.2) -0.27-(0.34) 0.12 (0.7) -0.16- (0.58)
steroids current dose (mg) (n=40) 0.18 (0.26) 0.27 (0.09) 0.09 (0.57) 0.4 (0.008) 0.15 (0.36) 0.24 (0.14)
AZA dose (mg) (n=10) 0.54 (0.11) 0.81 (0.005) 0.11 (0.76) -0.34- (0.34) -0.63- (0.05) -0.65-(0.04)
MMFdose (gm) (n=24) -0.13- (0.55) -0.12- (0.58) 0.3 (0.16) 0.3 (0.15) 0.17 (0.44) 0.4 (0.5)
BMI (n=40) 0.16 (0.32) 022 (0.17) 0.03 (0.87) 0.007 (0.97) 0.007 (0.96) 0.13 (0.44)

1, correlation coefficient; Hb, hemoglobin; TLC, total leucocytic count; PLT, platelets; CRP, C-reactive protein, 24-hr-ptn, 24-hour proteinuria; GFR, glomerular filtration rate; SLEDAL systemic
lupus erythematosus disease activity index; AZA, azathioprine; MMF, mycophenolate mofetil; BMI, body mass index; Bold values are significant at p<0.05.
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Linear regression analysis between miRNAs understudy and clinical
parameters. (A) Positive correlation between miR-146a and
creatinine. (B) Positive correlation between miR-146a and systemic
lupus erythematosus activity index (SLEDAI) score. (C) Negative
correlation between miR-124 and hemoglobin.

SLE is controversial. Some studies including those by Singh et al. (3)
and Zhu et al. (57) have observed that miR-146 is downregulated in
SLE and LN, respectively. A recent study in Egypt by Higazi et al.
(58) stated that miR-146 was decreased in SLE patients with a
tendency to be even lower in LN patients.

However, our investigation demonstrated that the levels of miR-
146a were considerably elevated in both SLE patients with and
without nephritis compared to the healthy controls. Furthermore,
the expression of this miRNA was markedly higher in LN patients
in comparison to those without nephritis. Consistent with our
finding, previous studies reported a significant elevation of miR-
146 in individuals with SLE compared to a group of healthy
individuals (59-62). Previous studies similarly found a notable
elevation in miR-146 levels in LN patients in comparison to
healthy control (2, 63). Additionally, these results agree with
Monticelli et al. (64) who observed that miRNA-146a expression
is more prevalent in Th1 cells and less in Th2 cells, in murine model
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(A) ROC curve to discriminate between LN and SLE patients without
LN, (B1) ROC curve to differentiate between SLE patients without LN
and control group, (B2) ROC curve to test miR-124 ability to
discriminate between SLE patients without LN and control.

and is linked with the expression of Thl-related proinflammatory
cytokines genes such as TNFo. and IFN-v. Nevertheless, a study by
Khoshmirsafa et al. (7) observed no statistically significant disparity
in miR-146 levels between LN group and either SLE without LN
group or healthy controls.

The discrepancy in miR146 expression might be a result of
environmental factors, different treatment approaches and genetic
predisposition as evidenced by Lofgren et al. (65) who observed a
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correlation between a specific single- nucleotide polymorphism
(SNP) and miR-146a expression which might lead to
upregulation of miR-146.

Moreover, we conducted an analysis of miR-199a expression
levels and observed that they were elevated in individuals with SLE
in comparison to the healthy control. However, the disparity did
not achieve statistical significance. Significantly, miR-199a was
upregulated in LN patients relative to both SLE patients without
LN and the control group. The significant increase in expression,
surpassing that of all other miRNAs examined in our study on
blood samples from LN patients, indicates that miR-199a might
play a significant function in the pathophysiology of LN.

These findings align with earlier research that found a significant
upregulation of miR-199 expression in patients with SLE (66) and LN
patients (18, 67) compared to healthy individuals. According to So
et al. (19), there is evidence indicating that miR-199 levels were
increased and correlated with the activation of the NF-kB pathway,
suggesting its involvement in inflammation. In their research on LN
patients, Ye et al. (68) discovered that Klotho, a membrane protein
found in the human kidney, has antioxidant and reno-protective
properties, negatively regulates NF-kB-associated inflammation in LN
patients. Additionally, they observed that miR-199a downregulates the
expression of Klotho in vitro. In contrast to our results, Elessawi et al.
(24) reported downregulation of miR-199 expression LN patients
relative to those without LN. This suggests that the expression of
miRNAs may vary across various cohorts of patients.

As it has been established that miR-21 is related to many
autoimmune disorders like psoriasis, multiple sclerosis and SLE, it
was one of the studied miRNAs in our research. We have found that
miR-21 was increased in SLE patients relative to the control group,
although this disparity was not statistically significant. However,
earlier research has consistently shown a significant increase in
miR-21 expression among SLE patients in comparison to healthy
controls (27, 59, 61). The dysregulation of miR-21 has been found to
enhance the occurrence of SLE by directly and indirectly regulating
CD4+ T cells (69). It was found that miR-21 regulates forkhead box
P3 (FoxP3) expression positively and T-regs negatively (70).

In line with previous research which provided evidence that
miR-21 might be associated with renal disease development (71),
our findings demonstrated that it was markedly upregulated in LN
patients in comparison to SLE patients without LN and the group of
healthy control. In accordance with our finding, previous studies
have demonstrated that miR-21 was significantly increased in LN
patients on comparing to healthy control (7, 29) and to SLE patients
without LN (2).

The representation of miRNA levels in the blood of individuals
with SLE and LN varies greatly and sometimes contradicts across
studies. Factors such as cohort racial and ethnic composition,
disease activity fluctuations, immunosuppressive treatments, and
technical issues may contribute to this. High circulating RNase
levels, known to reduce circulating miRNAs in advanced chronic
kidney disease (CKD), make it challenging to compare and
extrapolate results across different stages of CKD in LN patients
and animal models (72).

We additionally explored whether the inflammatory cytokines
IL-12 and IL-21 exhibited elevated levels in SLE patients and assessed
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their involvement in LN.Top of Form We have found upregulated
protein levels of IL-12 in sera of SLE patients relative to the healthy
control, but the disparity did not achieve statistical significance.
Nevertheless, it has been documented that IL-12 levels are notably
increased in SLE patients (3, 31, 73-75). The exact function of IL-12
in the development of LN is not well comprehended (34). We have
noticed elevated levels of IL-12 in LN more than SLE patients without
LN and control, although the disparity was not statistically
significant. Few studies have researched IL-12’s role in LN
pathogenesis. An immunohistochemical study on human renal
tissues found that IL-12 was significantly higher among
proliferative LN than control group (76). Moreover, Tucci et al.
(77) determined that IL-12 triggers inflammation in the kidneys and
promotes an imbalance of cytokines in peripheral cells, preferring a
Th1 phenotype.

IL-21 indeed holds a substantial function in the development
and functionality of T cells (38). Our findings showed elevated
protein levels of IL21 in SLE patients, with a tendency for higher
levels among the LN subgroup, although this discrepancy did not
attain statistical significance possibly because of the limited number
of participants in our study. Previous research has consistently
observed a significant rise in IL-21 levels in SLE patients on
comparing with controls (3, 38, 78). Additionally, Shater et al.
(37) demonstrated a statistically significant elevation of IL-21 in
active LN patients compared to both non-active LN patients and the
controls. A previous study discovered that in a lupus susceptible
mouse model, elevated levels of IL-21 resulted in the accumulation
of immune complexes in the glomeruli, thickness of the glomerular
basement membrane, and proteinuria (40).

To enhance our comprehension of the progression of SLE and LN,
we analyzed the correlation between the miRNAs under investigation
and cytokines. We observed a significant association between IL-21
and both IL-12 and miR-124. Additionally, we found that miR-199a
was significantly correlated to miR-124, miR-146a and miR-21.
Furthermore, there was a notable association observed between
miR-146a and miR-21. These findings demonstrate that they are
influenced by each other and point out the possible role of the studied
miRNAs and interleukins in the development of SLE and LN.

The ROC analysis revealed that miR-199a and miR-146a
exhibited the most noteworthy discriminatory ability, followed by
miR-21, and to a lesser extent, miR-124, in discriminating between LN
and SLE patients without LN. Additionally, miR-146a and miR-124
demonstrated additional discriminatory power in distinguishing SLE
patients from the control group. On the other hand, logistic regression
analysis revealed that only miR-199 could be used as LN predictor,
thus, it can be used as potential predictive biomarker for LN.

The clinical course of SLE can impact various organs, including
the joints, skin, kidneys, lungs, heart, vascular system, and brain. SLE
patients exhibit a high prevalence of metabolic syndrome, which
increase the risk of disease of cardiovascular system and type II
diabetes (79). In our study, we investigated correlations between the
studied parameters and certain clinical characteristics of LN. We
observed that patients with metabolic syndrome had significantly
elevated FC of miR-199, while those with hypertension showed
increased FC of miR-146a, miR-21, and miR-199. Cases with
dyslipidemia exhibited significantly elevated levels of IL-12 and
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increased FC of miR-124. These results underscore the probable
involvement of these miRNAs in inflammation and the pathogenesis
of the disease. In line with our findings, previous research shows that
miR-124 was highly associated with lipid and glucose metabolism
(80), nevertheless, miR-146 was downregulated in obesity (81).

Additionally, we observed lower FC of miR-146a in patients
with pulmonary manifestations, miR-21 in patients with GIT
involvement, IL-21 and miR-124 in those with vasculitis, and IL-
12 and miR-124 in those with thrombosis. To our knowledge, just a
few studies have characterized miRNA’s association with these
clinical characteristics. Lopez-Pedrera et al. (82) demonstrated
that miRNAs play a role in various pathological processes
implicated in the atherogenic process. They highlighted that miR-
146 was associated with endothelial dysfunction as well as
inflammatory cytokines secretion, while both miR-146 and miR-
21 are associated with monocytes recruitment, differentiation and
activation (83, 84). Furthermore, miR-199 has been shown to be
involved in oxidative stress (85). It was reported that aberrant
expression of several miRNAs in SLE patients has been associated
with a pro-oxidative state and mitochondrial dysfunction, which in
turn contributes to inflammation and cardiovascular complications
(86). Nevertheless, additional investigations are needed to assess the
relevance of these parameters in these situations.

In our analysis of miRNA correlations with clinical and
serological parameters, we found that miR-146a, miR-199a, and
miR-21 are the most closely related to LN parameters. Specifically,
all three were significantly correlated with 24-hour proteinuria,
while miR-146a and miR-199a were also correlated with creatinine
levels and SLEDAI score. Moreover, miR-199a showed correlations
with urea levels, and miR-21 exhibited a correlation with nephritis
duration, underscoring their inflammatory involvement in LN
pathogenesis. Despite C3 and C4 levels being pivotal biomarkers
for LN (21) only miR-21 showed a negative correlation with C4.
Consistent with our findings, prior studies has observed that miR-
21 is positively associated with 24-hour proteinuria (27) and
negatively with C4 (63), whereas miR-146a has been correlated
with proteinuria, SLEDAI score, and creatinine levels in separate
studies (63, 87). However these previous studies did not perform
regression analysis. In our study on performing regression analysis
of all the correlated parameters with studied miRNAs and
cytokines, none remained significant. Only the association of
serum creatinine and SLEDAI with miR146 remained significant.

Despite the negative correlation between miR-124 and the
activity index, which supports its regulatory function in LN, it
exhibited negative correlation with hemoglobin levels and positive
correlation with creatinine levels. Given that, in our work, miR-124
levels were elevated in LN patients compared with SLE patients
without LN, this might suggest a potential role for this miRNA in
LN pathophysiology. Considering the scarcity of studies exploring
the role of miR-124 in LN, further research is warranted to delineate
its precise role in LN pathogenesis.
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There is promising evidence that although there are no defined
protocols for employing miRNAs in current clinical settings, they
constitute a dependable tool for future use. These molecules fulfill
the majority of the necessary criteria for being an optimal
biomarker, including accessibility, being highly specific, and
sensitive (88). Because of their unique characteristics such as
being well-tolerated by the immune system and its ability to
penetrate cell membranes easily, miRNAs show promising
potential as a treatment option (19). Currently, there is limited
research exploring the use of miRNA as a therapy for autoimmune
diseases like SLE. Therefore, further studies aim to uncover the
exact ways miRNA works and which pathways it affects in SLE and
LN are needed. These studies shall pave the path for research
exploring the potential role of miRNAs and their antagonists for
treating SLE and LN in animal models and subsequently in human
clinical trials.

Our work is subjected to certain limitations like the limited
number of participants and the lack of follow-up for patients which
might lead to fluctuation in miRNA’s level. Further studies are
required with larger number of participants and longer-term
monitoring of patients to assess their clinical progression and
treatment outcomes.

5 Conclusion

In summary, our findings indicate the presence of a distinct
miRNA signature in the sera of patients with LN. We found miR-
199a, miR-21 and miR-146a to be the highest expressed in LN
serum. We identified miR-199a as the most important LN predictor
as ROC and logistic regression analysis exhibited its ability to
discriminate LN patients from SLE patients without LN. MiR-146
was associated with creatinine level as well as disease activity as
estimated by SLEDAI score, thus, it might have a role in
disease pathogenesis.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Research
Ethical Committee, Faculty of Medicine, Cairo University (N-282-
2023). The studies were conducted in accordance with the local
legislation and institutional requirements. The participants
provided their written informed consent to participate in
this study.

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1449296
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

ElFeky et al.

Author contributions

DE: Conceptualization, Methodology, Supervision, Validation,
Writing - original draft, Writing — review & editing. NO: Writing -
original draft, Writing — review & editing. OS: Methodology, Validation,
Writing - review & editing. WA: Methodology, Validation, Writing -
review & editing. TG: Conceptualization, Methodology, Supervision,
Validation, Writing — original draft, Writing - review & editing. MN:
Conceptualization, Methodology, Supervision, Validation, Writing -
original draft, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

References

1. Mahajan A, Amelio J, Gairy K, Kaur G, Levy RA, Roth D, et al. Systemic lupus
erythematosus, lupus nephritis and end-stage renal disease: a pragmatic review
mapping disease severity and progression. Lupus. (2020) 29:1011-20. doi: 10.1177/
0961203320932219

2. Zununi Vahed S, Nakhjavani M, Etemadi J, Jamshidi H, Jadidian N, Pourlak T,
et al. Altered levels of immune-regulatory microRNAs in plasma samples of patients
with lupus nephritis. BioImpacts: BI. (2018) 8:177-83. doi: 10.15171/b1.2018.20

3. Singh RP, Hahn BH, Bischoff DS. Identification and contribution of
inflammation-induced novel microRNA in the pathogenesis of systemic lupus
erythematosus. Front Immunol. (2022) 13:848149. doi: 10.3389/fimmu.2022.848149

4. Wu H, Chang C, Lu Q. The epigenetics of lupus erythematosus. Advances in
Experimental Medicine and Biology, Singapore: Springer (2020) 1253:185-207.
doi: 10.1007/978-981-15-3449-2_7

5. Zhang], Liu Y, Shi G. The circRNA-miRNA-mRNA regulatory network in systemic
lupus erythematosus. Clin Rheumatol. (2021) 40:331-9. doi: 10.1007/s10067-020-05212-2

6. Hong SM, Liu C, Yin Z, Wu L, Qu B, Shen N. MicroRNAs in systemic lupus
erythematosus: a perspective on the path from biological discoveries to clinical practice.
Curr Rheumatol Rep. (2020) 22:1-9. doi: 10.1007/s11926-020-00895-7

7. 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 Rheumatic Dis. (2019) 22:458-67. doi: 10.1111/
1756-185X.13410

8. Alduraibi FK, Tsokos GC. Lupus nephritis biomarkers: A critical review. Int ] Mol
Sci. (2024) 25:805. doi: 10.3390/ijms25020805

9. Guimarées J, de AR, da C. S, dos S. AC, Mori B, Barcellos JEM. Diagnostic test
accuracy of novel biomarkers for lupus nephritis—An overview of systematic reviews.
PloS One. (2022) 17:€0275016. doi: 10.1371/journal.pone.0275016

10. Fabian MR, Sonenberg N, Filipowicz W. Regulation of mRNA Translation and
Stability by microRNAs. Annu Rev Biochem. (2010) 79:351-79. doi: 10.1146/annurev-
biochem-060308-103103

11. Guo J, Teymur A, Tang C, Saxena R, Wu T. Advancing point-of-care diagnosis:
digitalizing combinatorial biomarker signals for lupus nephritis. Biosensors. (2024)
14:147. doi: 10.3390/bios14030147

12. Tsai C-Y, Shen C-Y, Liu C-W, Hsieh S-C, Liao H-T, Li K-J, et al. Aberrant non-
coding RNA expression in patients with systemic lupus erythematosus: consequences
for immune dysfunctions and tissue damage. Biomolecules. (2020) 10:1641.
doi: 10.3390/biom10121641

13. Taheri M, Eghtedarian R, Dinger ME, Ghafouri-Fard S. Exploring the role of
non-coding RNAs in the pathophysiology of systemic lupus erythematosus.
Biomolecules. (2020) 10:937. doi: 10.3390/biom10060937

14. Chafin CB, Reilly CM. MicroRNAs implicated in the immunopathogenesis of
lupus nephritis. Clin Dev Immunol. (2013) 2013:1-13. doi: 10.1155/2013/430239

15. Radin M, Miraglia P, Barinotti A, Fenoglio R, Roccatello D, Sciascia S. Prognostic
and diagnostic values of novel serum and urine biomarkers in lupus nephritis: A
systematic review. Am J Nephrol. (2021) 52:559-71. doi: 10.1159/000517852

16. Weber JA, Baxter DH, Zhang S, Huang DY, How Huang K, Jen Lee M, et al. The
microRNA spectrum in 12 body fluids. Clin Chem. (2010) 56:1733-41. doi: 10.1373/
clinchem.2010.147405

Frontiers in Immunology

13

10.3389/fimmu.2024.1449296

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

17. Zhang L, Lu Q, Chang C. Epigenetics in health and disease. Adv Exp Med Biol.
(2020) 1253:3-55. doi: 10.1007/978-981-15-3449-2_1

18. Navarro-Quiroz E, Pacheco-Lugo L, Navarro-Quiroz R, Lorenzi H, Espafia-
Puccini P, Diaz-Olmos Y, et al. Profiling analysis of circulating microRNA in peripheral
blood of patients with class IV lupus nephritis. PloS One. (2017) 12:¢0187973.
doi: 10.1371/journal.pone.0187973

19. So BYF, Yap DYH, Chan TM. MicroRNAs in lupus nephritis-role in disease
pathogenesis and clinical applications. Int J Mol Sci. (2021) 22:10737. doi: 10.3390/
ijms221910737

20. Gunaratne PH, Coarfa C, Soibam B, Tandon A. miRNA data analysis: next-gen
sequencing. Methods Mol Biol. (2012) 822:273-88. doi: 10.1007/978-1-61779-427-8_19

21. Abdelsalam M, Zaki MES, Abo El-Kheir NY, Foda Salama M, Osman AOBS.
Study of microRNA-124 in patients with lupus nephritis. Endocrine Metab Immune
Disord - Drug Targets. (2024) 24:1180-5. doi: 10.2174/0118715303250919231
010073608

22. Zhang L, Zhang X, Si F. MicroRNA-124 represents a novel diagnostic marker in
human lupus nephritis and plays an inhibitory effect on the growth and inflammation
of renal mesangial cells by targeting TRAF6. Int ] Clin Exp Pathol. (2019) 12:1578.
www.ijcep.com/.

23. Han R, Gao J, Wang L, Hao P, Chen X, Wang Y, et al. MicroRNA-146a
negatively regulates inflammation via the IRAK1/TRAF6/NF-kB signaling pathway in
dry eye. Sci Rep. (2023) 13:11192. doi: 10.1038/s41598-023-38367-4

24. Elessawi DF, Nashwa RK, El-Barbary RA. Evaluation of Micro-RNA199 in
systemic lupus erythematosus patients with and without lupus nephritis. J Radiat Res
Appl Sci. (2020) 13:41-6. doi: 10.1080/16878507.2019.1693734

25. Gao X, Song Y, Du P, Yang S, Cui H, Lu S, et al. Administration of a microRNA-
21 inhibitor improves the lupus-like phenotype in MRL/Ipr mice by repressing Tth cell-
mediated autoimmune responses. Int Immunopharmacol. (2022) 106:108578.
doi: 10.1016/j.intimp.2022.108578

26. Amr KS, Bayoumi FS, Elgengehy FT, Abdallah SO, Ahmed HH, Eissa E. The role
of microRNA-31 and microRNA-21 as regulatory biomarkers in the activation of T
lymphocytes of Egyptian lupus patients. Rheumatol Int. (2016) 36:1617-25.
doi: 10.1007/500296-016-3550-z

27. Li W, Liu S, Chen Y, Weng R, Zhang K, He X, et al. Circulating exosomal
micrornas as biomarkers of systemic lupus erythematosus. Clinics. (2020) 75:1-6.
doi: 10.6061/clinics/2020/e1528

28. Motawi TK, Mohsen DA, El-Maraghy SA, Kortam MA. MicroRNA-21,
microRNA-181a and microRNA-196a as potential biomarkers in adult Egyptian
patients with systemic lupus erythematosus. Chemico-Biological Interact. (2016)
260:110-6. doi: 10.1016/j.cbi.2016.11.001

29. Nakhjavani M, Etemadi J, Pourlak T, Mirhosaini Z, Vahed SZ, Abediazar S.
KIDNEY DISEASES Plasma levels of miR-21, miR-150, miR-423 in patients with lupus
nephritis. Iranian ] Kidney Dis. (2019) 13:198. www.ijkd.org.

30. Ullrich KAM, Schulze LL, Paap EM, Miller TM, Neurath MF, Zundler S.
Immunology of IL-12: An update on functional activities and implications for disease.
EXCLI J. (2020) 19:1563-89. doi: 10.17179/excli2020-3104

31. Ratib BA, Saud AM. Role of interleukin-12 in pathogenesis of systemic lupus
erythematosus. Iraqi J Biotechnol. (2022) 21:61-68.

frontiersin.org


https://doi.org/10.1177/0961203320932219
https://doi.org/10.1177/0961203320932219
https://doi.org/10.15171/bi.2018.20
https://doi.org/10.3389/fimmu.2022.848149
https://doi.org/10.1007/978-981-15-3449-2_7
https://doi.org/10.1007/s10067-020-05212-2
https://doi.org/10.1007/s11926-020-00895-7
https://doi.org/10.1111/1756-185X.13410
https://doi.org/10.1111/1756-185X.13410
https://doi.org/10.3390/ijms25020805
https://doi.org/10.1371/journal.pone.0275016
https://doi.org/10.1146/annurev-biochem-060308-103103
https://doi.org/10.1146/annurev-biochem-060308-103103
https://doi.org/10.3390/bios14030147
https://doi.org/10.3390/biom10121641
https://doi.org/10.3390/biom10060937
https://doi.org/10.1155/2013/430239
https://doi.org/10.1159/000517852
https://doi.org/10.1373/clinchem.2010.147405
https://doi.org/10.1373/clinchem.2010.147405
https://doi.org/10.1007/978-981-15-3449-2_1
https://doi.org/10.1371/journal.pone.0187973
https://doi.org/10.3390/ijms221910737
https://doi.org/10.3390/ijms221910737
https://doi.org/10.1007/978-1-61779-427-8_19
https://doi.org/10.2174/0118715303250919231010073608
https://doi.org/10.2174/0118715303250919231010073608
http://www.ijcep.com/
https://doi.org/10.1038/s41598-023-38367-4
https://doi.org/10.1080/16878507.2019.1693734
https://doi.org/10.1016/j.intimp.2022.108578
https://doi.org/10.1007/s00296-016-3550-z
https://doi.org/10.6061/clinics/2020/e1528
https://doi.org/10.1016/j.cbi.2016.11.001
http://www.ijkd.org
https://doi.org/10.17179/excli2020-3104
https://doi.org/10.3389/fimmu.2024.1449296
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

ElFeky et al.

32. Huang X, Hua J, Shen N, Chen S. Dysregulated expression of interleukin-23 and
interleukin-12 subunits in systemic lupus erythematosus patients. Modern Rheumatol.
(2007) 17:220-3. doi: 10.1007/s10165-007-0568-9

33. Min D-], Cho M-L, Cho C-S, Min S-Y, Kim W-U, Yang S-Y, et al. Decreased
production of interleukin-12 and interferon-c is associated with renal involvement in
systemic lupus erythematosus. S cand J Rheumatol. (2001) 30:159-163. doi: 10.1080/
030097401300162932

34. LiL, Sun X, Wu S, Yuan X, Liu B, Zhou X. Interleukin-12 exacerbates symptoms
in an MRL/Mp]-Faslpr mouse model of systemic lupus erythematosus. Exp Ther Med.
(2021) 21:627. doi: 10.3892/etm.2021.10059

35. Sarra M, Monteleone G. Interleukin-21: A new mediator of inflammation in
systemic lupus erythematosus. ] Biomedicine Biotechnol. (2010) 2010:1-6. doi: 10.1155/
2010/294582

36. Nakou M, Papadimitraki ED, Fanouriakis A, Bertsias GK, Choulaki C, Goulidaki
N, et al. Interleukin-21 is increased in active systemic lupus erythematosus patients and
contributes to the generation of plasma B cells. Clin Exp Rheumatol. (2013) 31:172-179.

37. Shater H, Fawzy M, Farid A, El-Amir A, Fouad S, Madbouly N. The potential use
of serum interleukin-21 as biomarker for lupus nephritis activity compared to cytokines
of the tumor necrosis factor (TNF) family. Lupus. (2022) 31:55-64. doi: 10.1177/
09612033211063794

38. Dolft S, Abdulahad WH, Westra ], Doornbos-van der Meer B, Limburg PC,
Kallenberg CG, et al. Increase in IL-21 producing T-cells in patients with systemic
lupus erythematosus. Arthritis Res Ther. (2011) 13:R157. doi: 10.1186/ar3474

39. Bubier JA, Sproule TJ, Foreman O, Spolski R, Shaffer DJ, Iii HCM, et al. . A
critical role for IL-21 receptor signaling in the pathogenesis of systemic lupus
erythematosus in BXSB-Yaa mice. Proc Nat Acad Sci. (2009) 106:1518-1523.
doi: 10.1073/pnas.0807309106

40. Herber D, Brown TP, Liang S, Young DA, Collins M, Dunussi-Joannopoulos K.
IL-21 has a pathogenic role in a lupus-prone mouse model and its blockade with IL-
21R.Fc reduces disease progression. ] Immunol. (2007) 178:3822-30. doi: 10.4049/
jimmunol.178.6.3822

41. Aringer M, Costenbader K, Daikh D, Brinks R, Mosca M, Ramsey-Goldman R,
et al. 2019 european league against rheumatism/american college of rheumatology
classification criteria for systemic lupus erythematosus. Arthritis Rheumatol. (2019)
71:1400-12. doi: 10.1002/art.40930

42. Hahn BH, McMahon MA, Wilkinson A, Wallace WD, Daikh DI, Fitzgerald JD,
et al. American College of Rheumatology guidelines for screening, treatment, and
management of lupus nephritis. Arthritis Care Res. (2012) 64:797-808. doi: 10.1002/
acr.21664

43. Bombardier C, Gladman DD, Urowitz MB, Caron D, Chang CH, Austin A, et al.
Derivation of the sledai. A disease activity index for lupus patients. Arthritis
Rheumatism. (1992) 35:630-40. doi: 10.1002/art.1780350606

44. Chan YH. Biostatistics 102: quantitative data—parametric & non-parametric
tests. Singapore Med J. (2003) 44:391-6.

45. Chan YH. Biostatistics 103: qualitative data - tests of independence. Singapore
Med J. (2003) 44:498-503.

46. Chan YH. Biostatistics 104: correlational analysis. Singapore Med ]. (2003)
44:614-9.

47. Chan YH. Biostatistics 201: linear regression analysis. Singapore Med J. (2004)
45:55-61.

48. Chan YH. Biostatistics 202: logistic regression analysis. Singapore Med J. (2004)
45:149-53.

49. MouL, Zhang F, Liu X, Lu Y, Yue M, Lai Y, et al. Integrative analysis of COL6A3
in lupus nephritis: insights from single-cell transcriptomics and proteomics. Front
Immunol. (2024) 15:1309447. doi: 10.3389/fimmu.2024.1309447

50. Tahamtan A, Teymoori-Rad M, Nakstad B, Salimi V. Anti-inflammatory
MicroRNAs and their potential for inflammatory diseases treatment. Front Immunol.
(2018) 9:1377. doi: 10.3389/fimmu.2018.01377

51. ChenJ, Peng L, Zhao Z, Yang Q, Yin F, Liu M, et al. HDACI potentiates CD4 +
T cell activation by inhibiting miR-124 and promoting IRF1 in systemic lupus
erythematosus. Cell Immunol. (2021) 362:104284. doi: 10.1016/j.cellimm.2021.104284

52. Jin F, Hu H, Xu M, Zhan S, Wang Y, Zhang H, et al. Serum microRNA profiles
serve as novel biomarkers for autoimmune diseases. Front Immunol. (2018) 9:2381.
doi: 10.3389/fimmu.2018.02381

53. Yan L, Jiang L, Wang B, Hu Q, Deng S, Huang J, et al. Novel microRNA
biomarkers of systemic lupus erythematosus in plasma: miR-124-3p and miR-377-3p.
Clin Biochem. (2022) 107:55-61. doi: 10.1016/j.clinbiochem.2022.05.004

54. Garaud J-C, Schickel J-N, Blaison G, Knapp A-M, Dembele D, Ruer-Laventie J,
et al. B cell signature during inactive systemic lupus is heterogeneous: toward a
biological dissection of lupus. PloS One. (2011) 6:€23900. doi: 10.1371/
journal.pone.0023900

55. Udhaya Kumar S, Thirumal Kumar D, Siva R, George Priya Doss C, Younes S,
Younes N, et al. Dysregulation of signaling pathways due to differentially expressed
genes from the B-cell transcriptomes of systemic lupus erythematosus patients — A
bioinformatics approach. Front Bioengineering Biotechnol. (2020) 8:276. doi: 10.3389/
fbioe.2020.00276

56. Xu N, Liu J, Li X. Lupus nephritis: The regulatory interplay between epigenetic
and MicroRNAs. Front Physiol. (2022) 13:925416. doi: 10.3389/fphys.2022.925416

Frontiers in Immunology

10.3389/fimmu.2024.1449296

57. Zhu'Y, Xue Z, Di L. Regulation of miR-146a and TRAF6 in the diagnose of lupus
nephritis. Med Sci Monitor. (2017) 23:2550-7. doi: 10.12659/MSM.900667

58. Higazi AM, Kamel HM, Nasr MH, Keryakos HK, AbdEl-Hamid NM, Soliman
SA. Potential role of circulating miRNA-146a and serum kallikrein 1 as biomarkers of
renal disease in biopsy-proven lupus nephritis patients. Egyptian Rheumatologist.
(2023) 45:73-80. doi: 10.1016/j.ejr.2022.11.001

59. Chen JQ, Papp G, Poliska S, Szabo K, Tarr T, Balint BL, et al. MicroRNA
expression profiles identify disease-specific alterations in systemic lupus erythematosus
and primary Sjogren’s syndrome. PloS One. (2017) 12. doi: 10.1371/journal.pone.0174585

60. El-Akhras BA, Talaat RM, El-Masry SA, Bassyouni IH, El-Sayed IH, Ali YBM.
Crosstalk between miR-146a and pro-inflammatory cytokines in patients with systemic
lupus erythematosus. Int J Immunopathology Pharmacol. (2023) 37. doi: 10.1177/
03946320231154998

61. Ibrahim MRK, Waly NG, Moness H, Ahmed SS, Ibrahem R. Serum miRNA-21,
miRNA-146a and plasma cell free DNA as novel biomarkers for assessing systemic lupus
erythematosus activity. Mol Biol Rep. (2023) 50:10025-36. doi: 10.1007/s11033-023-08845-z

62. Shumnalieva R, Kachakova D, Shoumnalieva-Ivanova V, Miteva P, Kaneva R,
Monov S. Whole peripheral blood miR-146a and miR-155 expression levels in Systemic
lupus erythematosus patients. Acta Reumatologica Portuguesa. (2018) 43:217-25.

63. Abou-Elfattah Tawfik N, Ahmed El-Dydamoni O, Younes Abozaid S, Ebrahem
EE, Mohamed A Abd EL Rahim MM. Serum miRNA-146a and miRNA-155 as Novel
Biomarkers in Lupus Nephritis Activity with Systemic Lupus Erythematosus. Am ]
Biochem. (2019) 2019:21-34. doi: 10.5923/j.ajb.20190902.02

64. Monticelli S, Ansel KM, Xiao C, Socci ND, Krichevsky AM, Thai T-H, et al.
MicroRNA profiling of the murine hematopoietic system. Genome Biol. (2005) 6:R71.
doi: 10.1186/gb-2005-6-8-r71

65. Lofgren SE, Frostegérd ], Truedsson L, Pons-Estel BA, D’Alfonso S, Witte T,
et al. Genetic association of miRNA-146a with systemic lupus erythematosus in
Europeans through decreased expression of the gene. Genes Immun. (2012) 13:268—
74. doi: 10.1038/gene.2011.84

66. SuX, YeL, Chen X, Zhang H, Zhou Y, Ding X, et al. MiR-199-3p promotes ERK-
mediated IL-10 production by targeting poly (ADP-ribose) Polymerase-1 in patients
with systemic lupus erythematosus. Chemico-Biological Interact. (2019) 306:110-6.
doi: 10.1016/j.¢bi.2019.04.015

67. Te JL, Dozmorov IM, Guthridge JM, Nguyen KL, Cavett JW, Kelly JA, et al.
Identification of unique microRNA signature associated with lupus nephritis. PloS One.
(2010) 5:e10344. doi: 10.1371/journal.pone.0010344

68. Ye H, SuB, NiH, Li L, Chen X, You X, et al. microRNA-199a may be involved in
the pathogenesis of lupus nephritis via modulating the activation of NF-xB by targeting
Klotho. Mol Immunol. (2018) 103:235-42. doi: 10.1016/j.molimm.2018.10.003

69. Afrashteh Nour M, Ghorbaninezhad F, Asadzadeh Z, Baghbanzadeh A,
Hassanian H, Leone P, et al. The emerging role of noncoding RNAs in systemic
lupus erythematosus: new insights into the master regulators of disease pathogenesis.
Ther Adv Chronic Dis. (2023) 14. doi: 10.1177/20406223231153572

70. Rouas R, Fayyad-Kazan H, El Zein N, Lewalle P, Rothé F, Simion A, et al. Human
natural Treg microRNA signature: Role of microRNA-31 and microRNA-21 in FOXP3
expression. Eur ] Immunol. (2009) 39:1608-18. doi: 10.1002/€ji.200838509

71. Ichii O, Horino T. MicroRNAs associated with the development of kidney
diseases in humans and animals. J Toxicologic Pathol. (2018) 31:23-34. doi: 10.1293/
t0x.2017-0051

72. Neal CS, Michael MZ, Pimlott LK, Yong TY, Li JYZ, Gleadle JM. Circulating
microRNA expression is reduced in chronic kidney disease. Nephrol Dialysis
Transplant. (2011) 26:3794-802. doi: 10.1093/ndt/gfr485

73. Peligari K, de O, Postal M, Sinicato NA, Londe AC, Fernandes PT, et al.
Longitudinal comparison of IL-6, IL-10, and IL-12 cytokine profiles in adult and
childhood-onset systemic lupus erythematosus. J Trans Autoimmun. (2022) 5:8.
doi: 10.1016/j.jtauto.2022.100158

74. Uzrail AH, Assaf AM, Abdalla SS. Correlations of expression levels of a panel of
genes (IRF5, STAT4, TNFSF4, MECP2, and TLR7) and Cytokine Levels (IL-2, IL-6, IL-
10, IL-12, IFN- v, and TNF- o) with systemic lupus erythematosus outcomes in
Jordanian patients. BioMed Res Int. (2019) 2019:1703842. doi: 10.1155/2019/1703842

75. Wong CK, Ho CY, Li EK, Lam CWK. Elevation of proinﬂammatory cytokine
(IL-18, IL-17, IL-12) and Th2 cytokine (IL-4) concentrations in patients with systemic
lupus erythematosus. Lupus. (2000) 9:589-93. doi: 10.1191/096120300678828703

76. Nawata A, Nakayamada S, Hisano S, Miyazaki Y, Miyamoto T, Shiba E, et al.
Differential expression of IFN-o, IL-12 and BAFF on renal immune cells and its
relevance to disease activity and treatment responsiveness in patients with proliferative
lupus nephritis. Lupus Sci Med. (2023) 10. doi: 10.1136/lupus-2023-000962

77. Tucci M, Lombardi L, Richards HB, Dammacco F, Silvestris F. Overexpression of
interleukin-12 and T helper 1 predominance in lupus nephritis. Clin Exp Immunol.
(2008) 154:247-54. doi: 10.1111/j.1365-2249.2008.03758.x

78. Ahmed YM, Erfan DM, Hafez SF, Shehata TH, Morshedy NA. The association of
single nucleotide polymorphism of interleukin-21 gene and serum interleukin-21 levels
with systemic lupus erythematosus. Egyptian ] Med Hum Genet. (2017) 18:129-36.
doi: 10.1016/j.ejmhg.2016.04.006

79. Irure-Ventura J, Lopez-Hoyos M. Disease criteria of systemic lupus
erythematosus (SLE); the potential role of non-criteria autoantibodies. J Trans
Autoimmun. (2022) 5:100143. doi: 10.1016/j.jtauto.2022.100143

frontiersin.org


https://doi.org/10.1007/s10165-007-0568-9
https://doi.org/10.1080/030097401300162932
https://doi.org/10.1080/030097401300162932
https://doi.org/10.3892/etm.2021.10059
https://doi.org/10.1155/2010/294582
https://doi.org/10.1155/2010/294582
https://doi.org/10.1177/09612033211063794
https://doi.org/10.1177/09612033211063794
https://doi.org/10.1186/ar3474
https://doi.org/10.1073/pnas.0807309106
https://doi.org/10.4049/jimmunol.178.6.3822
https://doi.org/10.4049/jimmunol.178.6.3822
https://doi.org/10.1002/art.40930
https://doi.org/10.1002/acr.21664
https://doi.org/10.1002/acr.21664
https://doi.org/10.1002/art.1780350606
https://doi.org/10.3389/fimmu.2024.1309447
https://doi.org/10.3389/fimmu.2018.01377
https://doi.org/10.1016/j.cellimm.2021.104284
https://doi.org/10.3389/fimmu.2018.02381
https://doi.org/10.1016/j.clinbiochem.2022.05.004
https://doi.org/10.1371/journal.pone.0023900
https://doi.org/10.1371/journal.pone.0023900
https://doi.org/10.3389/fbioe.2020.00276
https://doi.org/10.3389/fbioe.2020.00276
https://doi.org/10.3389/fphys.2022.925416
https://doi.org/10.12659/MSM.900667
https://doi.org/10.1016/j.ejr.2022.11.001
https://doi.org/10.1371/journal.pone.0174585
https://doi.org/10.1177/03946320231154998
https://doi.org/10.1177/03946320231154998
https://doi.org/10.1007/s11033-023-08845-z
https://doi.org/10.5923/j.ajb.20190902.02
https://doi.org/10.1186/gb-2005-6-8-r71
https://doi.org/10.1038/gene.2011.84
https://doi.org/10.1016/j.cbi.2019.04.015
https://doi.org/10.1371/journal.pone.0010344
https://doi.org/10.1016/j.molimm.2018.10.003
https://doi.org/10.1177/20406223231153572
https://doi.org/10.1002/eji.200838509
https://doi.org/10.1293/tox.2017-0051
https://doi.org/10.1293/tox.2017-0051
https://doi.org/10.1093/ndt/gfr485
https://doi.org/10.1016/j.jtauto.2022.100158
https://doi.org/10.1155/2019/1703842
https://doi.org/10.1191/096120300678828703
https://doi.org/10.1136/lupus-2023-000962
https://doi.org/10.1111/j.1365-2249.2008.03758.x
https://doi.org/10.1016/j.ejmhg.2016.04.006
https://doi.org/10.1016/j.jtauto.2022.100143
https://doi.org/10.3389/fimmu.2024.1449296
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

ElFeky et al.

80. Duan X-K, Sun Y-X, Wang H-Y, Xu Y-Y, Fan S-Z, Tian J-Y, et al. miR-124 is
upregulated in diabetic mice and inhibits proliferation and promotes apoptosis of high-
glucose-induced B-cells by targeting EZH2. World ] Diabetes. (2023) 14:209-21.
doi: 10.4239/wjd.v14.i3.209

81. Benbaibeche H, Hichami A, Oudjit B, Haffaf EM, Kacimi G, Koceir EA, et al.
Circulating mir-21 and mir-146a are associated with increased cytokines and CD36 in
Algerian obese male participants. Arch Physiol Biochem. (2022) 128:1461-6.
doi: 10.1080/13813455.2020.1775655

82. Lopez-Pedrera C, Barbarroja N, Patifio-Trives AM, Luque-Tévar M, Torres-
Granados C, Aguirre-Zamorano MA, et al. Role of microRNAs in the development of
cardiovascular disease in systemic autoimmune disorders. Int ] Mol Sci. (2020) 21:2012.
doi: 10.3390/ijms21062012

83. Sheedy FJ. Turning 21: induction of miR-21 as a key switch in
the inflammatory response. Front Immunol. (2015) 6:19. doi: 10.3389/fimmu.
2015.00019

Frontiers in Immunology

15

10.3389/fimmu.2024.1449296

84. Zhang Y, Zhang M, Zhong M, Suo Q, Lv K. Expression profiles of miRNAs in
polarized macrophages. Int ] Mol Med. (2013) 31:797-802. doi: 10.3892/ijmm.2013.1260

85. Joris V, Gomez EL, Menchi L, Lobysheva I, Di Mauro V, Esfahani H, et al.
MicroRNA-199a-3p and microRNA-199a-5p take part to a redundant network of
regulation of the NOS (NO synthase)/NO pathway in the endothelium. Arteriosclerosis
Thrombosis Vasc Biol. (2018) 38:2345-57. doi: 10.1161/ATVBAHA.118.311145

86. Rippo MR, Olivieri F, Monsurro V, Prattichizzo F, Albertini MC, Procopio AD.
MitomiRs in human inflamm-aging: A hypothesis involving miR-181a, miR-34a and
miR-146a. Exp Gerontology. (2014) 56:154-63. doi: 10.1016/j.exger.2014.03.002

87. Su Y-J, Lin I-C, Wang L, Lu C-H, Huang Y-L, Kuo H-C. Next generation
sequencing identifies miRNA-based biomarker panel for lupus nephritis. Oncotarget.
(2018) 9:27911-9. doi: 10.18632/oncotarget.25575

88. Condrat CE, Thompson DC, Barbu MG, Bugnar OL, Boboc A, Cretoiu D, et al.
miRNAs as biomarkers in disease: latest findings regarding their role in diagnosis and
prognosis. Cells. (2020) 9:276. doi: 10.3390/cells9020276

frontiersin.org


https://doi.org/10.4239/wjd.v14.i3.209
https://doi.org/10.1080/13813455.2020.1775655
https://doi.org/10.3390/ijms21062012
https://doi.org/10.3389/fimmu.2015.00019
https://doi.org/10.3389/fimmu.2015.00019
https://doi.org/10.3892/ijmm.2013.1260
https://doi.org/10.1161/ATVBAHA.118.311145
https://doi.org/10.1016/j.exger.2014.03.002
https://doi.org/10.18632/oncotarget.25575
https://doi.org/10.3390/cells9020276
https://doi.org/10.3389/fimmu.2024.1449296
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Circulatory microRNAs and proinflammatory cytokines as predictors of lupus nephritis
	1 Introduction
	2 Patients and methods
	2.1 Participants enrollment
	2.2 Measurement of serum level of IL-12 and 21
	2.3 Measurement of serum levels of miRNAs expression
	2.3.1 Results calculation

	2.4 Statistical analysis

	3 Results
	3.1 Characteristics of SLE patients
	3.2 Renal biopsy findings in LN patients
	3.3 Serum levels of ILs and fold change in expression of miRNAs in different groups
	3.4 Correlation between IL-12, IL21 and the studied miRNAs
	3.5 Correlation between the studied parameters and clinical parameters of LN and biopsy findings
	3.6 The diagnostic value of the studied parameters on SLE and LN

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


