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Introduction
Lupus is an inflammatory multisystem disease with an 
unknown cause that affects many organs in the body, in 
which body antibodies and immune complexes cause 
tissue and cellular damage.1 Different organs especially 
kidneys are involved in the course of the disease, the most 
serious symptoms of the lupus.2

Lupus nephritis (LN) is the major cause of mortality and 
morbidity in patients with lupus, affecting up to the 70% 
of the patients.3 The accumulation of immune complexes 
within the glomeruli of the kidneys is the earliest step 

in the development of LN. This event is associated with 
increased mesangial cells, excessive production of cellular 
matrix, and infiltration of inflammatory cells that lead 
to fibrosis and sclerosis. Depending on the severity of 
the disease, 15%-30% of LN patients shift towards the 
end-stage renal disease (ESRD).4  Genetic factors have 
been identified to be associated with the known and 
sometimes unknown environmental factors in developing 
LN. Epigenetic defects have also been shown to play an 
important role in the pathogenesis of lupus.5-7 Apparently, 
increasing information on the cellular, molecular, and 
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Abstract
Introduction: Lupus nephritis (LN) 
is a major cause of mortality and 
morbidity in the patients with lupus, 
a chronic autoimmune disease. The 
role of genetic and epigenetic factors 
is emphasized in the pathogenesis 
of LN. The aim of the present 
study was to evaluate the levels of 
immune-regulatory microRNAs 
(e.g., miR-31, miR-125a, miR-142-
3p, miR-146a, and miR-155) in plasma samples of patients with LN. 
Methods: In this study, 26 patients with LN and 26 healthy individuals were included. The plasma 
levels of the microRNAs were evaluated by a quantitative real-time PCR. Moreover, the correlation 
of circulating plasma microRNAs with disease activity and pathological findings along with their 
ability to distinguish patients with LN were assessed.
Results: Plasma levels of miR-125a (P = 0.048), miR-146a (P = 0.005), and miR-155 (P< 0.001) 
were significantly higher in comparison between the cases and controls. The plasma level of miR-
146a significantly correlated with the level of anti-double strand-DNA antibody and proteinuria. 
Moreover, there was a significant correlation between miR-142-3p levels and disease chronicity and 
activity index (P <1770.05). The multivariate ROC curve analysis indicated the plasma circulating 
miR-125a, miR-142-3p, miR-146, and miR-155 together could discriminate most of the patients 
with LN from controls with area an under curve (AUC) of 0.89 [95% CI, 0.80-0.98, P<0.001], 88% 
sensitivity, and 78% specificity.
Conclusion: Based on the findings of the present study, the studied microRNAs may be involved 
in the pathogenesis and development of LN and have the potential to be used as diagnostic and 
therapeutic markers in LN.

Article Type:
Original Article

Article History:
Received: 24 Nov. 2017
Revised: 16 Mar. 2018
Accepted: 7 Apr. 2018
ePublished: 14 Apr. 2018

Keywords:
Autoimmunity,
Biomarkers,
Circulating microRNAs, 
Systemic lupus erythema-
tosus 

Article Info

https://doi.org/10.15171/bi.2017.20
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.15171/bi.2018.20&domain=pdf&date_stamp=2018-04-14


Zununi Vahed et al

BioImpacts, 2018, 8(3), 177-183178

Similarly, the sum of tubular atrophy, glomerulosclerosis, 
interstitial fibrosis, and fibrous crescents was used for a 
chronicity index of 0 to 12. Patients with active infection, 
previous malignancy, and diabetes mellitus were excluded. 
Moreover, healthy individuals were included as controls 
(N = 26). 

miRNAs extraction and reverse transcription
The blood samples (~2 mL) were collected in EDTA-
containing tubes and centrifuged for 10 min (at 1000 × 
g). Then, was transferred to a new microtube and the 
circulating RNAs were isolated from 200 μL of plasma 
samples using miRCURY™ RNA Isolation kit, Biofluid, 
(Exiqon, Vedbaek, Denmark). The isolated RNAs were 
reverse-transcribed using the miRCURY LNA™ Universal 
RT cDNA Synthesis Kit (Exiqon, Vedbaek, Denmark), 
following the manufacturer recommended protocol. 

Quantitative real-time PCR
Quantitative real-time PCR (qPCR) was completed using 
specific LNA (locked nucleic acid) primers in triplicate 
(Table 1) based on the protocol of the SYBR® Green master 
mix kits (Exiqon, Vedbaek, Denmark) by the iCycler iQ 
system (Bio-Rad). An internal control (miR-191-5p) 
was used. The efficiency of qPCR was verified using the 
10-fold serial dilution method (10-1 - 10-5 dilutions) to create 
standard curves. Threshold cycle (Ct) values were used to 
calculate the relative expression using the ΔΔCt method 
where relative expression equals to 2-ΔΔCT, and ΔΔCt for 
each patient = (ΔCt of the related miR for a patient) – 
(Mean of ΔCt values of healthy subjects).

Statistical analysis 
The data were presented as mean (SD) and median 
(interquartile range) for normally and not normally 
distributed values, respectively. For parametric variables, 
statistical significance between groups was analyzed 
by the student’s t test while the Kruskal-Wallis H and 
Mann–Whitney U tests were used for nonparametric 
values. Spearman rank order correlation was used to 
analyze the correlation between clinicopathological 
parameters and levels of the circulating miRNAs. Receiver 
operating characteristic (ROC) analysis and the area 
under the curve (AUC) with 95% CI were applied to test 
the diagnostic values of the miRNAs. Moreover, a binary 
logistic regression with inter-method was performed to 
assay the discriminating effects of the studied microRNAs 

biological behavior of the disease has an important role 
in determining diagnostic methods and therapeutic 
strategies.

Over the last few years, many studies have focused on 
the role of the microRNAs in various diseases, including 
cancer and autoimmune diseases.8,9 microRNAs are short, 
conserved endogenous non-coding RNA molecules that 
are involved in the regulation of gene expression.8 Recently, 
the role of microRNAs in regulating immune responses 
has been approved.9-11 In several studies, microRNAs have 
been demonstrated to be involved in the pathogenesis of 
lupus by altering intrinsic immune responses, lymphocyte 
function, and the toll-like receptors (TLRs) and NF-
κB signaling pathways.12 Moreover, microRNAs can 
stimulate the expression of proinflammatory cytokines 
and determine the severity of immune responses.13 
Given the fact that the microRNAs are highly regulated 
to maintain the hemostasis and normal function of the 
immune system, their dysregulated expression can result 
in the initiation/progression of autoimmune diseases.9

Considering the importance of LN and the significance 
of determining the prognosis of the disease in patients; this 
study aimed to evaluate the expression levels of immune-
associated microRNAs. These known microRNAs 
(miR-31, miR-125, 142-3p, miR-146, and miR-155) are 
important in the differentiation and development of 
immune responses as well as creating a malfunction in 
immune system responses.14-18 Moreover, the association 
of the studied microRNAs with disease chronicity and 
activity index, and pathological findings were investigated 
in the patients with LN.

 
Materials and Methods 
Subjects
The current cross-sectional study included 26 consecutive 
lupus patients with biopsy-proven nephritis enrolled 
from Kidney Ward of Imam Reza Hospital, Tabriz, Iran. 
All Azari-Turkish cases were collected from September 
2015 to December 2016. Cases met systemic lupus 
erythematosus (SLE) diagnostic criteria according to the 
American College of Rheumatology (ACR). According to 
the National Institutes of Health (NIH) system, an activity 
index of 0 to 24 is calculated by grading the biopsy on a 
scale of 0 to 3+ for 6 histologic characteristics comprising 
endocapillary proliferation, wire loop deposits, glomerular 
leukocyte infiltration, interstitial inflammation, 
karyorrhexis, cellular crescents, and fibrinoid necrosis.19 

Table 1. List of lucked nucleic acid primers

miRNAs Mature sequence Primer's Product No.
hsa-miR-31-5p AGGCAAGAUGCUGGCAUAGCU 204236
hsa-miR-125a-5p UCCCUGAGACCCUUUAACCUGUGA 204339
hsa-miR-142-3p UGUAGUGUUUCCUACUUUAUGGA 204291
hsa-miR-155-5p UUAAUGCUAAUCGUGAUAGGGGU 204308
hsa-miR-146a-5p UGAGAACUGAAUUCCAUGGGUU 204688
has-miR-191-5p CAACGGAAUCCCAAAAGCAGCUG 204306
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together. miRNAs variables entered into the model (inter-
method) as the main effect. Then, the diagnostic cut-off 
value was determined using Youden J Statistic to evaluate 
the discriminating ability of the chosen miRNAs. online 
Centre for Evidence-Based Medicine, Toronto was used 
for determining the sensitivity and specificity of the 
miRNAs.20,21 Statistical analyses were performed using 
the IBM SPSS software version 17.0. A P value < 0.05 was 
considered statistically significant.

Results
Clinical and demographic characteristics of the patients 
are presented in Table 2.

Different plasma levels of microRNAs between LN and 
control groups
The plasma levels of miR-31, miR-125, miR-142, miR-
146, and miR-155 were assessed in LN group and healthy 
controls. A significant increase was observed in plasma 
cell-free miR-125, miR-146, and miR-155 of LN patients 
when compared to controls. However, circulating miR-
142-3p (P < 0.001) did not significantly change between 
the studied groups (Fig. 1). After 40 cycles of amplification, 
miR-31 was not detected in any of the plasma samples and 
the related data were not analyzed. 

The relationship between plasma microRNAs and the 
clinical parameters in LN patients 
A linear correlation analysis was accomplished to examine 

the relationship between the studied miRNAs and clinical 
parameters in the cases. Significant correlations were 
detected between miR-142 and activity index (r= -0.573, 
P = 0.002), chronicity index (r= 0.530, P = 0.005), and 
serum creatinine (r= 0.497, P = 0.010). Additionally, there 
were significant correlations between miR-146 and anti-
dsDNA (r= 0.475, P = 0.014) and proteinuria (r= -0.389, P 
= 0.049) (Table 3).

Table 2. Demographic and baseline clinical data

Characteristics LN patients Control group P value

No. of cases 26 26 -

No. of male/female 6/20 9/17 0.89

Age, mean ± SD (y) 32.61 ± 9 29.9 ± 8 0.40

C3 (mg/dL) 27 ± 9.2 89.9 ± 17.3 <0.001

C4 (mg/dL) 13.27 ± 6 45.8 ± 16.2 <0.001

ANA 7.32 ± 3 0.6 ± 0.2 <0.001

Anti-dsDNA antibody 61 ± 25 14.1 ± 4.2 <0.001

Creatinine, (mg/dL) 1.46 ± 0.32 0.91 ± 0.10 <0.001

Proteinuria (mg/24 h) 2107 ± 1094 94.6 ± 15.5 <0.001

ESR 33.61 ± 12 12.7 ± 3.7 <0.001

Chronicity index 6.46 ± 3.1 0 -

SLEDAI 10.0 ± 3.4 0 -

Stages (3/4/5) 9/11/6 - -

ANA: anti-nucleic acid, anti-dsDNA: anti-double strand DNA, ESR: 
erythrocyte sedimentation rate, SLEDAI: Systemic Lupus Erythematosus 
Disease Activity Index. The quantity data are expressed as mean ± SD

Fig. 1. Altered expression of plasma miRNAs in lupus nephritis group when compare to controls. (A) miR-125a, (B) miR-142-3p, (C) miR-
146, and (D) miR-155 levels in patients with lupus nephritis. The 2-∆∆Ct method was used to calculate the fold change between the study 
groups. miR-191 was used as normalizing endogenous control.
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Correlations between the studied microRNAs in LN 
patients
Correlations between the expression levels of the selected 
miRNAs were examined in individuals by Spearman 
correlation. Correlations were found between miR-125 
and miR-142 (r= 0.531, P = 0.005) as well as miR-125 and 
miR-155 (r= 0.390, P = 0.049) fold changes but not others 
(P ≥ 0.153). Moreover, significant correlations were found 
between the tested miRNAs delta Ct values (Table 4).

ROC curve analysis
The ROC analysis was performed to evaluate the diagnostic 
value of miRNAs. Fold change values of microRNAs 
were used to discriminate cases from controls. miR-125a 
presented a sensitivity of 92% (0.76 to 0.98), specificity of 
34% (0.09 to 0.45), and AUC value of 0.67 (0.52 to 0.83). 
miR-142-3p produced the AUC value of 0.62 (0.44 to 

Table 3. Correlations between studied miRNAs and clinical parameters 
in LN patients

Biochemical tests miR-125 miR-142 miR-146 miR-155

C3 r= -0.015
P= 0.940

r= 0.175
P= 0.393

r= -0.195
P= 0.341

r= 0.244
P= 0.230

C4 r= 0.097
P= 0.638

r= 0.223
P= 0.274

r= -0.118
P= 0.566

r= -0.124
P= 0.546

Age r= 0.202
P= 0.323

r= 0.362
P= 0.069

r= 0.327
P= 0.103

r= 0.006
P= 0.976

ANA r= -0.075
P= 0.720

r= 0.118
P= 0.575

r= 0.088
P= 0.676

r= 0.161
P= 0.442

Anti-dsDNA r= 0.224
P= 0.272

r= 0.263
P= 0.195

r= 0.475
P= 0.014

r= -0.288
P= 0.154

ESR r= 0.118
P= 0.565

r= 0.293
P= 0.146

r= 0.205
P= 0.316

r= -0.293
P= 0.146

SLEDAI r= -0.244
P= 0.230

r= -0.573
P= 0.002

r= -0.175
P= 0.393

r= -0.186
P= 0.363

Chronicity index r= 0.260
P= 0.200

r= 0.530
P= 0.005

r= 0.176
P= 0.390

r= -0.103
P= 0.617

Stage r= -0.172
P= 0.421

r= -0.373
P= 0.072

r= -0.043
P= 0.843

r= 0.186
P= 0.385

Pro24 r= -0.035
P= 0.864

r= -0.133
P= 0.517

r= -0.389
P= 0.049

r= 0.182
P= 0.373

Creatinine r= 0.157
P= 0.442

r= 0.497
P= 0.010

r= 0.089
P= 0.665

r= -0.115
P= 0.577

r: correlation coefficient, ANA: anti-nucleic acid, anti-dsDNA: anti-
double strand DNA, ESR: erythrocyte sedimentation rate, SLEDAI: 
Systemic Lupus Erythematosus Disease Activity Index.

Table 4. Internal correlation between plasma miRNA delta Ct

miR-142 miR-146 miR-155

miR-125 r= 0.611
P= 0.001

r= 0.512
P= 0. 008

r= 0.680
P< 0.001

miR-142 r= 0.380
P= 0.055

r= 0.521
P= 0.006

miR-146 r= 0.443
P= 0.023

r: correlation coefficient.

Fig. 2. ROC curve analysis of the studied plasma miRNAs. ROC curves analysis based on q-PCR data display the diagnostic power of 
the following plasma miRNAs; (A) miR-125a (B) miR-142-3p (C) miR-146, (D) miR-155, and (E) the effects of the studied miRNAs (e.g., 
miR-125, miR-142-3p, miR-146, and miR-155) in distinguishing patients with lupus nephritis from healthy individuals.
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0.79) with 80% (0.62 to 0.92) sensitivity and 55% (0.13 to 
0.74) specificity (Fig. 2B). The AUC of 0.75 (0.61 to 0.89) 
was yielded for miR-146 with sensitivity and specificity of 
respectively 56 and 96%. miR-155 presented a sensitivity 
of 88% and specificity of 67%, and AUC of 0.82 (0.69 
to 0.95). As shown in Fig. 2D, all the studied miRNAs 
exert the high accuracy (AUC= 0.89, CI: 0.80 to 0.98, P 
< 0.001), 88% (0.71 to 0.96) sensitivity, and 78% (0.548 to 
0.91) specificity for discriminating LN patients from the 
controls.

Discussion
Advances in molecular science and the role of microRNAs 
in the development of LN along with their relation to the 
severity of inflammation, have suggested a significant 
role for microRNAs.9,22 Their expression can be used 
to evaluate the severity of the disease and monitor the 
patients. This assay may make fundamental changes 
in the management of the disease.14 In accordance with 
the results of the present study, the miRNAs are likely to 
contribute to the pathogenesis and progression of LN and 
may be employed as diagnostic markers for LN. 

Different studies described a significant down-regulation 
of miR-31 in SLE and LN patients.23 Furthermore, 
the correlation of miR-31 with the SLEDAI score and 
proteinuria of SLE patients was reported.23 Fan et al 
demonstrated that miR-31 regulates the IL-2 production 
in T cells by targeting RhoA. In SLE, decreased levels of the 
miR-31 result in the unusual production of IL-2 in lupus T 
cells that leads to altered expression of the nuclear factor 
of activated T-cells (NFAT) and IL-2 promoter activity.15 
These data suggest that the expression of miR-31 may be 
related to LN activity and the degree of renal injury.15 In 
the present study, miR-31 was not detectable in all plasma 
samples (Ct > 40) and its related data was not analyzed. It 
may be due to the form of miR-31 (cellular vs. secretory), 
type of miR-31 (-5p vs. -3p), or type of the primer (stem-
loop vs. locked nucleic acid).

The miR-125a contributes to upregulated levels of the 
RANTES, an inflammatory chemokine that is needed for 
detrimental effects in inflammatory processes, in patients 
with SLE.24 In T cells of patients with SLE, diminished 
levels of miR-125a have been reported.24 However, an 
elevated serum miR-125a was detected in patients with 
LN that contributed to the upregulation of inflammatory 
cytokines (e.g., TNF-α, and IL-β, -6).25 Likewise, in the 
present study, increased levels of circulating miR-125a 
were observed in LN group when compared to controls 
that may represent active inflammation.

The miR-142-3p controls the functions of CD4+ T and 
CD4+ CD25+ Treg cells and its dysregulation leads to the 
development of autoimmune diseases.26 Down-regulation 
of miR-142 plays an important role in the pathogenesis 
of SLE since it increases the levels of autoimmune-
related target genes (e.g., signalling lymphocytic 
activation molecule-associated protein (SAP), CD84, 

and interleukin-10); resulted in T cell activity and B cell 
hyperstimulation.26 Moreover, the diminished levels of 
miR-142 in SLE CD4+ T cells are reported to be associated 
with histone modifications and DNA methylation changes 
in upstream of the miR-142 precursor sequence.26 Likewise, 
in this study, a diminished level of circulating miR-142-
3p was observed in patients with LN in comparison to 
controls; however, it was not significant. An increased 
level of miR-142-3p was also reported in plasma samples 
of SLE patients.27

The miR-146a is involved in renal inflammation and 
fibrosis and its dysregulation is correlated with the 
occurrence of multiple autoimmune diseases including 
SLE8 and rheumatoid arthritis.28 During LN, miR-
146a prevents the transcriptional activity of NF-κB via 
inhibiting TNF receptor-associated factor 6 (TRAF6), an 
intermediate mediator between toll-like receptor 4 (TLR4) 
and NF-κB.29 Although its detailed mechanism is still 
unclear, controversial data on dysregulation of miR-146a 
has been reported. A decrease in the expression of miR-
146a has been reported in renal biopsy and peripheral 
blood leukocytes of patients with LN.29-31 However, a 
higher expression of miR-146a has been also reported in 
the glomerulus and urinary exosomes of patients with 
LN32,33 as well as in the urinary sediment of SLE patients.34 
Likewise, in the present study, increased levels of miR-146a 
were observed in LN group when compared to controls. 
All these findings indicate a possible role for miR-146a 
in the immune system or immunity dysregulation and 
pathogenesis of LN.30,35

The miR-155 is an essential modulator of immune 
responses. It is required for proper development 
and maturation of the lymphocytes and antibody 
production.34,36 Moreover, miR-155 presents a central 
role in the function of immune cells (e.g., dendritic cells, 
B cells, and Th17 cells).37 Abnormal expression of miR-
155 is detected in many human autoimmune conditions 
(e.g., SLE and RA).28,34,36 The urinary sediment levels of 
miR-155 in patients with SLE were significantly higher 
than that in healthy controls,34 while its serum levels 
were reduced.36 Moreover, miR-155 was correlated with 
SLEDAI scores and different SLE clinical parameters.34,36 
Consistent with the above-mentioned studies, in the 
present study, an elevated level of this microRNA was 
detected in plasma samples of LN group that may point 
out an active inflammation, inflammation-mediated 
glomerular endothelial injury, and fibrosis.20

Abnormalities in microRNA have been shown in SLE 
and LN patients but the data are inconsistent.38,39 The 
variance between miRNA levels among LN patients in 
different studies is possibly due to the different ethnicity 
of patients and hence, various genetic background, small 
sample size, and different sample sources (e.g., different 
cell types vs. cell-free). Moreover, different environmental 
factors may affect the expression of miRNAs such as 
lifestyle, dietary habits, and exposure to infections.40,41 
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Changes in miRNA expression levels as a result of LN 
therapy would be another possible explanation.42 In spite 
of some studies, at the time of sampling, our patients 
did not receive any LN-related therapy that may affect 
miRNAs expression.

Our study had some limitations. Small sample size 
along with the exclusion of SLE patients to compare the 
results between groups were the possible limitations of the 
present study. 

Conclusion
Since over- or down-regulation of these miRNAs is 
associated with the pathogenesis of LN, appropriate levels 
of the miRNAs may be important for maintaining normal 
immune responses. Cell-free miR-125a, miR-142-3p, miR-
146, and miR-155 are correlated with clinical parameters 
and together present a diagnostic value to distinguish 
patients with LN from controls. The identification and 
validation of novel diagnostic biomarkers would be helpful 
to develop therapeutic strategies. Further molecular 
and clinical follow-up and large sample size studies are 
required to confirm these results.
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What is the current knowledge?
√ Lupus nephritis (LN) is the major cause of mortality and 
morbidity in patients with lupus, an autoimmune disease.  
√ Epigenetic defects, especially microRNAs, have been shown 
to play an important role in the pathogenesis of lupus.
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