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Abstract. Systemic lupus erythematosus (SLE) is an autoim‑
mune disease often used as a model in genomics research. 
The downregulation of microRNA‑101‑3p (miR‑101‑3p) 
participates in the progression of SLE, although the under‑
lying mechanisms remain to be elucidated. The present study 
aimed to evaluate the specific roles of miR‑101‑3p in the SLE 
inflammatory response and its potential mechanisms. Reverse 
transcription‑quantitative (RT‑q) PCR was used to profile 
miR‑101‑3p expression in the peripheral blood mononuclear 
cells (PBMCs) from 40 female patients with SLE and 20 female 
healthy volunteers. The interactions between miR‑101‑3p and 
MAPK1 were identified and evaluated using dual‑luciferase 
reporter and RNA pull‑down assays. The levels of IL‑10 and 
IFN‑γ were evaluated by enzyme‑linked immunosorbent 
assay. The expression of NF‑κB p65 and phosphorylated IκBα 
were evaluated using western blotting. miR‑101‑3p expres‑
sion was demonstrated to be downregulated in SLE PBMCs. 
miR‑101‑3p negatively regulated IL‑10 and IFN‑γ expression 
in SLE samples and was demonstrated to target MAPK1. 
Increases in MAPK1 expression eliminated miR‑101‑3p 
inhibition of IL‑10 and IFN‑γ. MAPK1 activated the NF‑κB 
pathway in SLE PBMCs and this activation was inhibited 
when miR‑101‑3p was overexpressed. In addition, treatment 
with BAY11‑7085 (NF‑κB activator) was demonstrated to 
reverse the inhibitory effects of miR‑101‑3p expression on 
both IL‑10 and IFN‑γ in SLE PBMCs. BAY11‑7082 also 
markedly reduced MAPK1‑induced increases in IL‑10 and 

IFN‑γ in SLE PBMCs. miR‑101‑3p overexpression attenu‑
ated the inflammatory response in SLE PBMCs by inhibiting 
the expression of MAPK1 and blocking the NF‑κB pathway. 
The results revealed a novel regulatory mechanism in SLE 
inflammation and offer a new direction for the development 
of SLE treatments.

Introduction

Systemic lupus erythematosus (SLE) is a serious autoim‑
mune disease that predominantly affects women  (1). SLE 
is characterized by widespread inflammation and tissue 
damage in multiple organs, including the blood vessels, liver, 
kidneys, skin, heart and joints (2). The hyperactivation of T 
and B lymphocytes as well as the increased expression of 
specific inflammatory cytokines directly contribute to the 
occurrence of SLE (3). A previous study demonstrated that 
SLE is characterized by a clear increase in IL‑10, IL‑2 and 
IFN‑γ production during exacerbation (4). In clinical practice, 
hydroxychloroquine, corticosteroids and cyclophosphamide 
are commonly used in the treatment of SLE (5). However, 
these interventions are often accompanied by serious adverse 
events including blindness, osteoporosis and infertility (6), 
making the identification of novel targets for SLE treatment 
a high priority.

microRNAs (miRNAs/miRs) are important regulators 
involved in the pathogenesis of diverse autoimmune diseases, 
including SLE  (7,8). Previous studies have demonstrated 
that several miRNAs, including miR‑125b (9), miR‑410 (10) 
and miR‑15b (11), are downregulated in SLE and increasing 
evidence suggests that these and other miRNAs serve a pivotal 
regulatory role in SLE. For example, the downregulation of 
miR‑633 increases the expression of inflammatory chemokines 
in SLE  (12), while overexpression of miR‑155 attenuates 
autoantibody production and inflammatory responses by 
increasing IL‑21 signaling capacity in patients with SLE (13). 
Upregulation of miR‑30a accelerates B cell proliferation and 
IgG antibody production in patients with SLE (14). Previous 
studies have identified miR‑101‑3p as an important regulator 
in the progression of inflammatory diseases. miR‑101‑3p is a 
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diagnostic biomarker for several autoimmune disorders and 
attenuates the inflammation and fibroblast‑like synoviocyte 
proliferation in rheumatoid arthritis via its interactions with 
prostaglandin‑endoperoxide synthase 2 (15). Sun et al (16) 
demonstrated that miR‑101‑3p expression is decreased in SLE 
and that miR‑101‑3p overexpression reduces the production 
of inflammatory cytokines (IFN‑γ, IL‑6 and IL‑17A) in the 
peripheral blood mononuclear cells (PBMCs) of SLE patients, 
making it a potential novel therapeutic target for SLE. However, 
the molecular mechanism underlying miR‑101‑3p activity in 
SLE remains to be elucidated. Therefore, it is necessary to 
explore the detailed molecular mechanism underlying the 
activities of miR‑101‑3p in SLE.

MAPKs, a family of serine/threonine kinases, are known to 
be closely linked to the pathogenesis of SLE (17). Blocking the 
activation of p38 MAPK reduces IFN‑γ and IL‑6 production 
in SLE samples (18). Notably, miR‑101 is known to regulate 
the MAPK response by targeting MAPK phosphatase  1, 
influencing the secretion of the downstream inflammatory 
cytokines in SLE  (19). However, the specific regulatory 
relationship between miR‑101‑3p and the MAPK proteins in 
SLE remains to be elucidated.

The NF‑κB pathway is known to be a prototypical 
pro‑inflammatory pathway  (20), where NF‑κB modulates 
the transcriptional activation of diverse genes involved in 
autoimmune diseases including SLE (21,22). Previous studies 
have reported that the NF‑κB pathway serves a pivotal 
role in the pathology of SLE with the expression of several 
NF‑κB pathway proteins experiencing marked upregulation 
in patients with SLE (23). Inhibition of NF‑κB activity in 
SLE‑prone mice visibly reduces the incidence and severity 
of the disease (18). Notably, miR‑146a has been demonstrated 
to attenuate the development of SLE via its inhibition of the 
NF‑κB pathway (24). In addition, following miR‑101 suppres‑
sion, the activation levels in the NF‑κB signaling pathway 
increase significantly, inducing increased neuropathic 
pain  (25). However, despite the ample evidence of their 
interaction, the exact relationship between miR‑101‑3p and the 
NF‑κB pathway in SLE remains unclear.

The present study evaluated miR‑101‑3p expression in SLE 
PBMCs and its specific effects on the inflammatory response 
of these cells. The underlying mechanisms facilitating the 
interactions between miR‑101‑3p and MAPK1 or NF‑κB were 
then determined with the aim of enhancing the understanding 
of their regulatory mechanism. The findings of the present 
study may identify a promising therapeutic target for SLE and 
elucidate the underlying mechanism of action for miR‑101‑3p 
in SLE.

Materials and methods

Patients. A total of 40 female patients with SLE and 20 healthy 
controls (HC), receiving treatment at Xijing Hospital, were 
enrolled in the present study between June 2016 and August 
2018 and any SLE diagnoses were based on the revised criteria 
issued by the American College of Rheumatology in 1997 (26). 
All HC volunteers had no history of SLE, other autoim‑
mune inflammatory disease or cancer. Patients with SLE and 
concurrent infection or additional inflammatory diseases were 
excluded from the study. Disease activity was assessed using 

the SLE Disease Activity Index (SLEDAI) (27). To exclude the 
influence of certain therapies on gene expression, all SLE medi‑
cations were withheld 24 h before sampling. The characteristics 
of patients with SLE and HCs are described in Table I and no 
significant differences in age or serum creatinine were identi‑
fied. The present study was approved by the Institutional Ethics 
Committee of the Xijing Hospital (approval no. 20181016) and 
written informed consent from both patients and volunteers 
were obtained prior to sample collection.

Measurements of blood samples. Evaluations were completed 
using peripheral blood samples (10 ml) collected from patients 
with SLE (n=40) and HC (n=20) from the Xijing Hospital. The 
erythrocyte sedimentation rate (ESR) was measured using 
a modified Westergren method (Excyte ESR Non‑Vacuum 
Tubes kit; cat. no. EX‑10100; Vital Diagnostics Pty. Ltd.). An 
IMMAGE 800 fully automatic protein analyzer (Beckman 
Coulter, Inc.) was employed to test the levels of C‑reactive 
protein (CRP) and complement 3 (C3). Anti‑double stranded 
DNA (anti‑dsDNA) and immunoglobulin G (IgG) antibodies 
were then evaluated using a human anti‑dsDNA ELISA 
kit (cat. no.  69‑98345; mskbio) or human IgG ELISA kit 
(cat. no. 69‑99047; mskbio) respectively.

Cell culture. Peripheral blood samples were collected from 
patients with SLE and PBMCs were isolated by Ficoll‑Paque 
density gradient centrifugation (GE Healthcare Bio‑Sciences). 
Briefly, 4 ml Ficoll (GE Healthcare Bio‑Sciences) was added 
to a centrifuge tube with the diluted peripheral blood (4 ml), 
and centrifuged at 1,000 x g for 30 min at 20˚C. The PBMC 
layer was transferred into a new centrifuge tube, washed with 
3x the volume of PBS, centrifuged at 250 x g for 10 min at 
20˚C, and then the supernatant was removed. The washing 
step was repeated once and then PBMCs were resuspended 
in PBS. PBMCs were maintained in RPMI1640 (HyClone; 
Cytiva) supplemented with 10% fetal bovine serum (HyClone; 
Cytiva) and grown at 37˚C and 5% CO2. Logarithmic growth 
phase cells were used for all subsequent assays.

Cell transfection and treatment. The miR‑101‑3p mimics 
or inhibitor were used in either the overexpression or 
silencing of miR‑101‑3p, respectively. The MAPK1 gene was 
cloned into a pcDNA3.1 vector for MAPK1 overexpression 
(pcDNA3.1‑MAPK1). Small interfering RNAs (siRNAs) 
that specifically targeted MAPK1 (si‑MAPK1‑1/2/3) were 
used to silence MAPK1. The mimics‑NC, inhibitor‑NC, 
pcDNA3.1 (empty vector) and si‑NC served as the relevant 
negative controls of miR‑101‑3p mimics, miR‑101‑3p 
inhibitor, pcDNA3.1‑MAPK1 and si‑MAPK1‑1/2/3, respec‑
tively. The sequences of oligonucleotides used were as 
follows: si‑MAPK1‑1, sense 5'‑AGU​UCG​AGU​AUA​CUU​
CAA​GTT‑3' and antisense 5'‑CUU​GAU​AGC​GCU​ACG​
AAC​UTT‑3'; si‑MAPK1‑2, sense 5'‑CAU​GGU​AGU​CAC​
UAA​CAU​ATT‑3' and antisense 5'‑UAU​GUU​AGU​GAC​UAC​
CAU​GTT‑3'; si‑MAPK1‑3, sense 5'‑GAA​GCG​UGC​AGG​
UUA​ACU​TT‑3' and antisense 5'‑GUA​CUG​CAA​CGC​ACA​
UUU​CTT‑3'; si‑NC, sense 5'‑UUC​UCC​GAA​CGU​GUC​ACG​
UTT‑3' and antisense 5'‑ACG​UGA​CAC​GUU​CGG​AGA​
ATT‑3'; miR‑101‑3p mimics, sense 5'‑UAC​AGU​ACU​GUG​
AUA​ACU​GAA‑3' and antisense 5'‑UUC​AGU​UAU​CAC​AGU​
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ACU​GUA‑3'; mimics‑NC, sense 5'‑UUU​GUA​CUA​CAC​AAA​
AGU​ACU​G‑3' and antisense 5'‑CAG​UAC​UUU​UGU​GUA​
GUA​CAA​A‑3'; miR‑101‑3p inhibitor, 5'‑UUC​AGU​UAU​CAC​
AGU​ACU​GUA‑3'; inhibitor NC, 5'‑CAG​UAC​UUU​UGU​GUA​
GUA​CAA‑3'. All the above oligonucleotides or plasmids were 
purchased from Shanghai GenePharma Co., Ltd.. When the 
SLE PBMCs reached 60% confluence, they were transfected 
or co‑transfected with the relevant oligonucleotides (30 nM) 
or plasmids (1.5 µg per well) using Lipofectamine® 3000 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to manu‑
facturer's protocols. All cells were cultured for 48 h at 37˚C 
with 5% CO2. The subsequent experiments were performed 
48 h after transfection, when these cells were used for the 
assays of the regulatory mechanism of miR‑101‑3p/MAPK1 
axis on inflammation and NF‑κB pathway in SLE. To further 
explore the regulatory relationship between miR‑101‑3p/
MAPK1 and the NF‑κB pathway, BAY11‑7085, an NF‑κB 
activator and BAY11‑7082, an NF‑κB inhibitor, were used 
to activate or block the NF‑κB pathway, respectively. SLE 
PBMCs transfected with miR‑101‑3p mimics were treated 
with 5 µmol/l BAY11‑7085 and SLE PBMCs transfected with 
pcDNA3.1‑MAPK1 were treated with 5 µmol/l BAY11‑7082 
for an additional 48 h. After the treatment, cells were used 
for the assays of the regulatory mechanism of miR‑101‑3p/
MAPK1 associated with the NF‑κB pathway in the inflamma‑
tion of SLE. SLE PBMCs without treatment were considered 
as the Mock group.

Bioinformatics‑based prediction and analyses. The online 
tools StarBase V2.0 (http://starbase.sysu.edu.cn/starbase2) 
and miRDB (http://mirdb.org) were employed to predict the 
possible target genes of miR‑101‑3p and the MAPK1 gene was 
simultaneously identified by both prediction tools. Notably, 
MAPK1 gene expression is upregulated in patients with 
SLE and correlates with inflammatory cytokine expression. 
MAPK1 (ERK2) was therefore selected as the target of 
miR‑101‑3p in the subsequent analyses.

Reverse transcription‑quantitative (RT‑q) PCR. Total RNA 
was extracted from PBMCS by TRIzol® reagent (Thermo 
Fisher Scientific, Inc.). The corresponding RNA was reverse 
transcribed into cDNA using an ExScript RT reagent 
kit (Takara Biotechnology Co., Ltd.) following DNase I 
(Sigma‑Aldrich; Merck KGaA) treatment. Reverse transcrip‑
tion conditions were 55˚C for 20 min and 80˚C for 10 min. 
Then, RT‑qPCR analysis was detected using the SYBR 
Green qPCR Master Mix (5 µl; Invitrogen; Thermo Fisher 
Scientific, Inc.) on an ABI 7500 real‑time PCR system 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). For the 
PCR experiments, the following primers were used (Table II): 
miR‑101‑3p, forward 5'‑TCC​GAA​AGT​CAA​TAG​TGT​C‑3' 
and reverse 5'‑GTG​CAG​GGT​CCG​AGG​T‑3'; U6, forward 
5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' and reverse 5'‑AAC​GCT​
TCA​CGA​ATT​TGC​GT‑3'; MAPK1 forward 5'‑AGA​TTC​CAG​
CCA​GGA​TAC​A‑3' and reverse 5'‑GCA​TAA​AAG​CCA​CAA​

Table I. The clinical characteristics of patients with SLE and HC.

Characteristic	 SLE (n=40)	 HC (n=20)	 P‑value

Male:Female	 0:40	 0:20	 ‑
Age	 34.7±11	 34.7±8.7	 0.99
SLEDAI	 12.2±3.1	 ‑	 ‑
Serum creatinine (µmol/l)	 78±20	   75±20	 0.70
Anti‑dsDNA (IU/ml)	 234±27.9	 ‑	 ‑
ESR (mm/h)	 85.6±24.1	 11.5±4.6	 <0.0001
CRP (mg/l)	 61.5±28.4	   6.52±1.65	 <0.0001
IgG (g/l)	 23.3±10.6	 ‑	 ‑
C3 (g/l)	 0.68±0.23	 ‑	 ‑
Clinical features (no. of patients)			 
  Arthritis	 10	 ‑	 ‑
  Leukopenia	 13	 ‑	 ‑
  Rash	 6	 ‑	 ‑
  Serositis	 6	 ‑	 ‑
  Leukopenia	 11	 ‑	 ‑
  Oral ulcers	 8	 ‑	 ‑
  Renal disease	 15	 ‑	 ‑
Treatment (no. of patients)			 
  Hydroxychloroquine	 19	 ‑	 ‑
  Prednisone	 18	 ‑	 ‑
  None	 6	 ‑	 ‑

The data were presented as mean ± standard deviation. SLE, Systemic lupus erythematosus; HC, healthy control; SLEDAI, SLE Disease 
Activity Index; Anti‑dsDNA, anti‑double stranded DNA; ESR, erythrocyte sedimentation rate; CRP, C‑reactive protein; IgG, immunoglob‑
ulin G; C3, complement 3.
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CTA​CC‑3'; β‑actin forward 5'‑ACA​CCT​TCT​ACA​ATG​AGC​
TG‑3' and reverse, 5'‑CTG​CTT​GCT​GAT​CCA​CAT​CT‑3'. U6 
and β‑actin were used for the normalization of miR‑101‑3p 
and MAPK1, respectively. The thermocycling conditions of 
PCR program included an initial denaturation step at 95˚C for 
3 min followed by 40 cycles at 95˚C for 15 sec, 60˚C for 30 sec 
and 72˚C for 20 sec with a final 2 min extension step at 72˚C. 
Relative expression levels were then calculated using the 2‑ΔΔCq 
method (28).

Western blotting. Proteins were isolated in RIPA lysis buffer 
(Invitrogen; Thermo Fisher Scientific, Inc.) and quantified 
using a BCA assay kit (Invitrogen; Thermo Fisher Scientific, 
Inc.). The proteins (20 µg/lane) were then separated by 10‑12% 
SDS‑PAGE and transferred to a polyvinylidene fluoride 
membrane (EMD Millipore). The membrane was blocked 
using 5% skimmed milk at 37˚C for 1 h. The membranes 
were then incubated with the appropriate primary antibodies, 
including GAPDH (1:1,000; cat. no. ab9485; Abcam), MAPK 
(1:2,000; cat. no.  4695; Cell Signaling Technology, Inc.), 
NF‑κBp65 (1:2,000; cat. no. 8242; Cell Signaling Technology, 
Inc.) and phosphorylated (p‑) IκBα (p‑IκBα) (1:2,000; cat. 
no. 2859; Cell Signaling Technology, Inc.) overnight at 4˚C. 
After incubation with an HRP‑conjugated secondary antibody 
(1:5,000; cat. no. 12‑348; Sigma‑Aldrich; Merck KGaA) for 1 h 
at 25˚C, the bands were visualized using an enhanced chemi‑
luminescence kit (Invitrogen; Thermo Fisher Scientific, Inc.). 
The relative expression of each protein was then quantified 
using ImageJ version 1.46r (National Institutes of Health), 
normalized to GAPDH and standardized against the control 
(Mock or pcDNA3.1 + mimics‑NC group).

Dual luciferase reporter gene (DLR) assay. PBMCs were 
co‑transfected with luciferase PsiCHECK‑2 (Promega 

Corporation) carrying MAPK1‑wildtype (MAPK1‑Wt) or 
MAPK1‑mutant (MAPK1‑Mut) (GenePharma) sequences and 
miR‑101‑3p mimics or inhibitors. The experimental methods 
were as follows: The Wt and Mut primers for the MAPK1 
target fragments were designed and synthesized by Sangon 
Biotech Co., Ltd.. For the luciferase reporter assays, cells were 
seeded in a 48‑well plate and the luciferase reporter vectors 
were co‑transfected with miR‑101‑3p mimics, mimics‑NC, 
miR‑101‑3p inhibitor or inhibitor‑NC using Lipofectamine® 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) and 
incubated at 37˚C for 48 h. Relative luciferase activity was 
measured using a Dual Luciferase Reporter assay kit (Promega 
Corporation) following 48 h of transfection. Firefly luciferase 
activity was normalized to Renilla luciferase activity.

RNA pull‑down assay. PBMCs were lysed using RIPA lysis 
buffer (Invitrogen; Thermo Fisher Scientific, Inc.) and then incu‑
bated with 3'‑biotin‑labeled miR‑101‑3p (Bio‑miR‑101‑3p‑Wt), 
3'‑biotin‑labeled miR‑101‑3p with a mutation at the binding 
site between MAPK1 and miR‑101‑3p (Bio‑miR‑101‑3p‑Mut) 
or 3'‑biotin‑labeled miR‑NC (Bio‑miR‑NC) (Shanghai 
GenePharma Co., Ltd.) for 1 h at 37˚C. These samples were then 
incubated with streptavidin agarose beads (Invitrogen; Thermo 
Fisher Scientific, Inc.) for another 1 h at 37˚C. The beads were 
subsequently washed twice with cold lysis buffer, thrice with 
low‑salt buffer and once with high‑salt buffer at 4˚C. Finally, the 
RNA complexes bound to these beads were eluted and extracted 
for qRT‑PCR analysis.

ELISA. IL‑10 and IFN‑γ levels in SLE PBMCs were evaluated 
using Human IL‑10 ELISA kit (Abcam; cat. no. ab46034) and 
Human IFN‑γ ELISA kit (Abcam; cat. no. ab174443), respectively. 
Briefly, PBMCs were incubated with specific primary antibodies 
for 30 min in coating buffer and then with peroxidase‑labeled 

Table II. Sequences of siRNAs and primers.

	 Sequences

siMAPK1‑1	 Forward: 5'‑AGUUCGAGUAUACUUCAAGTT‑3'
	 Reverse: 5'‑CUUGAUAGCGCUACGAACUTT‑3'
siMAPK1‑2	 Forward: 5'‑CAUGGUAGUCACUAACAUATT‑3'
	 Reverse: 5'‑UAUGUUAGUGACUACCAUGTT‑3'
siMAPK1‑3	 Forward: 5'‑GAAGCGUGCAGGUUAACUTT‑3'
	 Reverse: 5'‑GUACUGCAACGCACAUUUCTT‑3'
si‑NC	 Forward: 5'‑UUCUCCGAACGUGUCACGUTT‑3'
	 Reverse: 5'‑ACGUGACACGUUCGGAGAATT‑3'
miR‑101‑3p	 Forward: 5'‑TCCGAAAGTCAATAGTGTC‑3'
	 Reverse: 5'‑GTGCAGGGTCCGAGGT‑3'
U6	 Forward: 5'‑CTCGCTTCGGCAGCACA‑3'
	 Reverse: 5'‑A ACGCTTCACGAATTTGCGT‑3'
MAPK1	 Forward: 5'‑AGATTCCAGCCAGGATACA‑3'
	 Reverse: 5'‑GCATAAAAGCCACAACTACC‑3'
β‑actin	 Forward: 5'‑ACACCTTCTACAATGAGCTG‑3'
	 Reverse: 5'‑CTGCTTGCTGATCCACATCT‑3'

si‑, small interfering; si‑MAPK, siRNA‑MAPK; si‑NC, siRNA‑MAPK negative control.
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secondary antibody for 30  min. These samples were then 
incubated in TMB substrate (Sigma‑Aldrich; Merck KGaA) for 

10 min and the OD 450/550 nm values were determined using a 
microplate reader (Molecular Devices, LLC.).

Figure 1. miR‑101‑3p expression is downregulated in SLE PBMCs. (A) Relative expression of miR‑101‑3p in HC and SLE PBMCs at the mRNA level. 
****P<0.0001 vs. HC. (B) Correlation between miR‑101‑3p and anti‑dsDNA. (C) Correlation between miR‑101‑3p and ESR. (D) Correlation between miR‑101‑3p 
and CRP. (E) Correlation between miR‑101‑3p and IgG. (F) Correlation between miR‑101‑3p and C3 (G) correlation between miR‑101‑3p and SLEDAI. 
(H) ROC curves of miR‑101‑3p in diagnosis of SLE. miR, microRNA; SLE, systemic lupus erythematosus; PBMCs, peripheral blood mononuclear cells; HC, 
healthy control; dsDNA, double stranded DNA; ESR, erythrocyte sedimentation rate; CRP, C‑reactive protein; C3, complement 3; SLEDAI, SLE Disease 
Activity Index; ROC, receiver operating characteristic; AUC, area under the curve.
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Statistical analyses. Statistical analyses were performed 
using SPSS version 22.0 (IBM Corp.) software and the data 
are described as the mean ± standard deviation. The differ‑
ences between two groups were evaluated using a paired t‑test 
while the differences among multiple groups were assessed 
by one‑way ANOVA followed by a Tukey's post‑hoc test. 
Significant correlations were identified by Pearson correlation 
analysis. P<0.05 was considered to indicate a statistically 
significant difference.

Results

miR‑101‑3p is downregulated in SLE PBMCs. RT‑qPCR 
confirmed that miR‑101‑3p is differently expressed in SLE 
PBMCs, with the data clearly showing that miR‑101‑3p expres‑
sion was significantly downregulated in SLE PBMCs when 
compared with HC PBMCs (P<0.0001; Fig. 1A). miR‑101‑3p 
expression was negatively associated with anti‑dsDNA, ESR, 
CRP, IgG and SLEDAI values (Fig. 1B‑G) and positively asso‑
ciated with C3 in patients with SLE (P<0.0001; Fig. 1B‑G). 

In addition, the receiver operating characteristic (ROC) 
curve was plotted and used to evaluate the diagnostic value 
of miR‑101‑3p in SLE. An area under the curve of 0.845 was 
obtained, which suggests that there may be some discrimina‑
tory power in the expression of this miRNA (Fig. 1H).

miR‑101‑3p decreases IL‑10 and IFN‑γ expression in SLE 
PBMCs. To investigate the effects of miR‑101‑3p expression 
in SLE, the levels of IL‑10 and IFN‑γ were evaluated using 
ELISA. ELISA assays showed that IL‑10 expression was 
significantly higher in SLE PBMCs when compared with HC 
PBMCs (P<0.0001; Fig. 2A) and that miR‑101‑3p expression 
was negatively associated with IL‑10 concentration in SLE 
PBMCs (P=0.0002; Fig.  2B). In addition, IFN‑γ expres‑
sion increased in the SLE PBMCs when compared with the 
HC PBMCs (P<0.0001; Fig. 2C) and there was a negative 
correlation between IFN‑γ and miR‑101‑3p expression in 
SLE PBMCs (P<0.0001; Fig.  2D). miR‑101‑3p expression 
was then manipulated using mimics and siRNAs, with these 
assays confirming these observations (Fig. 2E). IL‑10 and 

Figure 2. miR‑101‑3p decreases IL‑10 and IFN‑γ expression in SLE PBMCs. (A) IL‑10 level in HC and SLE PBMCs. ****P<0.0001 vs. HC. (B) Correlation 
between miR‑101‑3p and IL‑10. (C) IFN‑γ level in HC and SLE PBMCs. ****P<0.0001 vs. HC. (D) Correlation between miR‑101‑3p and IFN‑γ. (E) Relative 
expression of miR‑101‑3p in SLE PBMCs transfected with miR‑101‑3p mimics/inhibitor at the mRNA level. **P<0.01 vs. mimics‑NC; ##P<0.01 vs. inhib‑
itor‑NC. (F) IL‑10 level in SLE PBMCs transfected with miR‑101‑3p mimics/inhibitor. **P<0.01 vs. mimics‑NC; ##P<0.01 vs. inhibitor‑NC. (G) IFN‑γ level 
in SLE PBMCs transfected with miR‑101‑3p mimics/inhibitor. **P<0.01 vs. mimics‑NC, ##P<0.01 vs. inhibitor‑NC. miR, microRNA; SLE, systemic lupus 
erythematosus; PBMCs, peripheral blood mononuclear cells; HC, healthy control; Mock, SLE PBMCs without transfection; mimics‑NC, miR‑101‑3p mimics 
negative control; inhibitor‑NC, miR‑101‑3p inhibitor negative control.
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IFN‑γ concentration decreased in the presence of miR‑101‑3p 
mimics and increased in the presence of miR‑101‑3p inhibitors 
(P<0.01; Fig. 2F and G).

MAPK1 is a target of miR‑101‑3p. RT‑qPCR results suggested 
that MAPK1 expression was significantly higher in SLE 
PBMCs compared with HC PBMCs (P<0.001; Fig. 3A), while 
miR‑101‑3p expression was demonstrated to be negatively 
associated with MAPK1 expression in SLE PBMCs (P<0.01) 
(Fig. 3B). MAPK1 was identified as a potential miR‑101‑3p 
target using the StarBase software (Fig.  3C) which was 
subsequently confirmed in a DLR assay. This assay showed 
that the relative luciferase activity of the reporter constructs 

was significantly decreased in SLE PBMCs following 
co‑transfection with miR‑101‑3p mimics and MAPK1 Wt 
compared with SLE PBMCs co‑transfected with mimics‑NC 
and MAPK1 Wt (P<0.01; Fig. 3D), while the addition of the 
miR‑101‑3p inhibitor increased the luciferase activity of the Wt 
MAPK1 reporter in SLE PBMCs (P<0.05; Fig. 3E). RNA‑pull 
down assays confirmed the interaction between MAPK1 and 
Bio‑miR‑101‑3p‑Wt and demonstrated that Bio‑miR‑101‑3p‑Mut 
with a mutated MAPK1 binding site failed to interact with this 
protein (P<0.01; Fig. 3F). Additionally, overexpression and 
silencing of miR‑101‑3p significantly decreased or increased 
the mRNA and protein expression of MAPK1 in SLE PBMCs, 
respectively (P<0.01; Fig. 3G and H).

Figure 3. MAPK1 is a target of miR‑101‑3p. (A) MAPK1 expression in HC and SLE PBMCs. ***P<0.001 vs. HC. (B) Correlation between miR‑101‑3p and 
MAPK1. (C) A binding site predicted by an online target gene prediction software (starBase). (D and E) Interaction analyzed by dual luciferase reporter 
assay. **P<0.01 vs. mimics‑NC, #P<0.05 vs. inhibitor‑NC. (F) Interaction analyzed by RNA pull‑down assay. **P<0.01 vs. Bio‑NC and Bio‑miR‑101‑3p Mut. 
(G and H) Relative mRNA and protein expression of MAPK1 in SLE PBMCs transfected with miR‑101‑3p mimics/inhibitor. **P<0.01 vs. mimics‑NC, ##P<0.01 
vs. inhibitor‑NC. miR, microRNA; SLE, systemic lupus erythematosus; PBMCs, peripheral blood mononuclear cells; HC, healthy control; Mock, SLE PBMCs 
without transfection; mimics‑NC, miR‑101‑3p mimics negative control; inhibitor‑NC, miR‑101‑3p inhibitor negative control; Bio‑NC, biotin RNA‑labeled 
negative control; Bio‑miR‑101‑3p Wt, biotin RNA‑labeled miR‑101‑3p‑wildtype; Bio‑miR‑101‑3p Mut, biotin RNA‑labeled miR‑101‑3p‑mutant.
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MAPK1 overexpression eliminates miR‑101‑3p inhibition of 
IL‑10 and IFN‑γ in SLE PBMCs. To explore the molecular 
mechanism of MAPK1 signaling in SLE, cellular signaling was 
evaluated when cells were treated with an MAPK1 inhibitor, 
si‑MAPK1‑1, ‑2 and ‑3. RT‑qPCR results showed that SLE 
PBMC MAPK1 transcription was significantly decreased 
following the addition of si‑MAPK1‑1, ‑2 and ‑3 (P<0.01; 
Fig. 4A). si‑MAPK1‑2 was used for subsequent assays due to its 
relatively high silencing efficiency and was demonstrated to also 
significantly decrease the SLE PBMC expression of MAPK1 at 
the protein level (P<0.01; Fig. 4B). Notably, si‑MAPK1‑2 also 
significantly decreased IL‑10 and IFN‑γ expression in SLE 
PBMCs (P<0.01; Fig. 4C and D). In addition, when MAPK1 
was overexpressed in these cells, following PBMCs transfection 

with pcDNA3.1‑MAPK1 (P<0.01; Fig. 4E), IL‑10 and IFN‑γ 
both increased significantly eliminating any inhibitory effects 
of the miR‑101‑3p mimics (P<0.05; Fig. 4F and G).

The NF‑κB pathway is repressed by miR‑101‑3p. Given the 
results of the previous assays the present study proceeded to 
evaluate the regulatory relationship between miR‑101‑3p and 
the NF‑κB pathway. The protein level of NF‑κBp65 is a pivotal 
index to evaluate NF‑κB pathway activity and the phosphory‑
lation of IκBα causes the activation of NF‑κB pathway. As 
shown in Fig. 5, the protein level of NF‑κBp65 and the ratio 
of p‑IκBα/total (t)‑IκBα were significantly decreased in the 
presence of miR‑101‑3p mimics (P<0.01). In addition, MAPK1 
overexpression increased the protein level of NF‑κBp65 and 

Figure 4. MAPK1 overexpression eliminates miR‑101‑3p inhibition of IL‑10 and IFN‑γ in SLE PBMCs. (A) Relative expression of MAPK1 in SLE PBMCs 
transfected with siRNA‑MAPK (si‑MAPK)1‑1, ‑2 and ‑3 at the mRNA level. **P<0.01 vs. si‑NC. (B) Relative expression of MAPK1 in SLE PBMCs trans‑
fected with si‑MAPK1‑2 at the protein level. **P<0.01 vs. si‑NC. (C) IL‑10 level in SLE PBMCs transfected with pcDNA3.1‑MAPK1. **P<0.01 vs. si‑NC. 
(D) IFN‑γ level in SLE PBMCs transfected with pcDNA3.1‑MAPK1. **P<0.01 vs. si‑NC. (E) Relative expression of MAPK1 in SLE PBMCs transfected 
with pcDNA3.1‑MAPK1 at the protein level. ##P<0.01 vs. pcDNA3.1. (F) IL‑10 level in SLE PBMCs transfected with pcDNA3.1‑MAPK1 and/or miR‑101‑3p 
mimics. **P<0.01, vs. pcDNA3.1+mimics‑NC; #P<0.05 vs. pcDNA3.1+miR‑101‑3p mimics; &P<0.05 vs. pcDNA3.1‑MAPK1+ mimics‑NC. (G) IFN‑γ level 
in SLE PBMCs transfected with pcDNA3.1‑MAPK1 and/or miR‑101‑3p mimics. **P<0.01 vs. pcDNA3.1+mimics‑NC; #P<0.05 vs. pcDNA3.1+miR‑101‑3p 
mimics; &P<0.05 vs. pcDNA3.1‑MAPK1+ mimics‑NC. miR, microRNA; SLE, systemic lupus erythematosus; PBMCs, peripheral blood mononuclear cells; 
si‑, small interfering; Mock, SLE PBMCs without transfection; si‑NC, siRNA‑MAPK negative control; pcDNA3.1, empty pcDNA3.1; mimics‑NC, miR‑101‑3p 
mimics negative control.
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the ratio of p‑IκBα/t‑IκBα in SLE PBMCs (P<0.01), which 
could be reversed following the addition of the miR‑101‑3p 
mimics (P<0.01).

miR‑101‑3p decreases IL‑10 and IFN‑γ expression in SLE 
PBMCs by inhibiting the NF‑κB pathway. NF‑κB pathway 
activities can be modulated via the addition of BAY11‑7085 
(NF‑κB activator) or BAY11‑7082 (NF‑κB inhibitor). When 
cells were treated with BAY11‑7085 a significant increase in 
IL‑10 and IFN‑γ expression levels was observed, even in the 
presence of miR‑101‑3p mimics (P<0.01). By contrast, treatment 
with BAY11‑7082 significantly decreased IL‑10 and IFN‑γ 
expressions even in the presence of the pcDNA3.1‑MAPK1 
construct (P<0.01; Fig. 6).

Discussion

SLE is a serious disorder of the immune system, which results 
from the interaction of a wide range of risk factors, including 

hormones, environmental signals and genetic factors  (29). 
Aberrations in miRNA expression have been linked to SLE 
pathogenesis, with the expression of some miRNAs, including 
miR‑98 (30), miR‑1246 (31) and miR‑17‑5p (32) demonstrated 
to be decreased in SLE. Similar to the previous studies, 
miR‑101‑3p expression was markedly reduced in SLE in 
the current study. To date, SLE diagnosis is supported by a 
variety of indices including anti‑dsDNA, ESR, CRP, IgG and 
C3  (33‑36). Reduced expression of miR‑98 is found to be 
associated with anti‑dsDNA and SLEDAI in SLE PBMCs (37) 
while miR‑203 expression is negatively associated with ESR 
and CRP in patients with SLE  (38). The plasma levels of 
miR‑145 and miR‑183 are positively associated with comple‑
ment C3 in patients with SLE  (39) and the results of the 
present study confirm this. In the present study, miR‑101‑3p 
expression was negatively associated with anti‑dsDNA, ESR, 
CRP, IgG and SLEDAI and positively associated with C3. In 
addition, ROC curve analysis demonstrated that miR‑101‑3p 
may possess some value as a diagnostic biomarker for SLE. As 

Figure 5. The NF‑κB pathway is repressed by miR‑101‑3p. The expression of NF‑κBp65 and the ratio of p‑IκBα/t‑IκBα in SLE PBMCs transfected with 
pcDNA3.1‑MAPK1 and/or miR‑101‑3p mimics were measured by western blotting. **P<0.01 vs. pcDNA3.1+mimics‑NC; #P<0.05, ##P<0.01 vs. pcDNA3.1+miR‑101‑3p 
mimics; &&P<0.01 vs. pcDNA3.1‑MAPK1+mimics‑NC. miR, microRNA; p‑, phosphorylated; t‑, total; SLE, systemic lupus erythematosus; PBMCs, peripheral 
blood mononuclear cells; NC, negative control.
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patients with SLE and concurrent infections or inflammatory 
diseases were excluded from the study, this application may be 
limited, but it does suggest that miR‑101‑3p may be used as an 
additional diagnostic marker for SLE.

The overproduction of pro‑inflammatory cytokines is 
an important characteristic of SLE (40) and the production 
of IL‑10 and IFN‑γ, which act as regulators of this inflam‑
matory response have been identified as critical mediators 
of SLE pathogenesis (41‑44). In the present study, IL‑10 and 
IFN‑γ concentrations were demonstrated to be significantly 
higher in SLE PBMCs when compared with HC PBMCs, 
which was consistent with previous studies (45,46) and further 
supported the link between the inflammatory response and 
SLE pathogenesis. Previous studies have demonstrated that 
various miRNAs can attenuate the inflammatory response in 
SLE. Yang et al (19) demonstrated that miR‑101 affects the 
secretion of inflammatory factors such as TNF‑α, IFN, IL‑1 
and IL‑10 via its regulation of the MAPK proteins in SLE. 
Liu et al (10) demonstrated that the overexpression of miR‑410 
significantly reduces IL‑10 expression in T cells from patients 
with SLE and Sun et al (16) confirmed that the expression of 
inflammatory cytokines IL‑17, IL‑6 and IFN‑γ increases in 
SLE PBMCs when miR‑101‑3p expression was reduced. The 
findings of the present study suggested that overexpression 

of miR‑101‑3p reduced IL‑10 and IFN‑γ expression in SLE 
PBMCs. Taken together, these data suggest that the overex‑
pression of miR‑101‑3p may alleviate SLE progression by 
modulating the inflammatory response.

MAPK1 is involved in the regulation of cell proliferation, 
adhesion and differentiation (47,48). The production of inflam‑
matory cytokines is responsible for the MAPKs  (49) and 
increasing evidence suggests that there is a strong correlation 
between MAPK1 and miRNA expression during the inflam‑
matory response. For instance, miR‑320a is decreased in 
patients with myasthenia gravis and attenuates the expression 
of inflammatory cytokines via its targeting of MAPK1 (50). 
In acute lung injuries miR‑342 suppresses lipopolysaccharide 
(LPS)‑induced inflammatory responses by downregulating 
MAPK1 (51). In addition, miR‑212‑3p suppresses inflamma‑
tory cytokine production induced by the HBeAg via its targeted 
regulation of MAPK1 in the liver following HBV infection (52). 
The present study showed that MAPK1 was a direct target of 
miR‑101‑3p and that miR‑101‑3p could negatively regulate 
MAPK1 expression in SLE PBMCs. Given this, it was hypoth‑
esized that miR‑101‑3p participated in the development of SLE 
via its regulation of MAPK1 and that its underlying mechanism 
will be similar to those described above. Various studies have 
linked MAPK and the inflammation process. Shalini et al (53) 

Figure 6. miR‑101‑3p decreased IL‑10 and IFN‑γ expression in systemic lupus erythematosus (SLE) peripheral blood mononuclear cells (PBMCs) by inhibiting 
the NF‑κB pathway. (A) IL‑10 and (B) IFN‑γ level in SLE PBMCs transfected with miR‑101‑3p mimics and/or BAY11‑7085 (NF‑κB activator). **P<0.01 
vs. mimics‑NC, ##P<0.01 vs miR‑101‑3p mimics. (C) IL‑10 and (D) IFN‑γ level in SLE PBMCs transfected with pcDNA3.1‑MAPK1 and/or BAY11‑7082 
(NF‑κB inhibitor). **P<0.01 vs. pcDNA3.1; ##P<0.01 vs. pcDNA3.1‑MAPK1. miR, microRNA; SLE, systemic lupus erythematosus; PBMCs, peripheral blood 
mononuclear cells; NC, negative control.
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reported that the specific p38 MAPK inhibitors prevent 
LPS‑induced production of IFN‑γ and TNF‑α in atherosclerosis. 
Matsuzawa et al (54) demonstrated that p38 MAPK‑mediated 
autophagy supports IFN‑γ‑mediated innate immunity and that 
p38 MAPK inhibitors attenuate IFN‑γ‑mediated bactericidal 
activity. Notably, Garcia‑Rodriguez et al (55) demonstrated 
that MAPK1 gene expression is upregulated in patients with 
SLE and that this expression is strongly associated with IL‑10 
expression. Similarly, the present study found that silencing 
MAPK1 significantly increased IL‑10 and IFN‑γ expres‑
sion in SLE PBMCs and eliminated the inhibitory effects of 
miR‑101‑3p mimics. These results further support the hypoth‑
esis that miR‑101‑3p relieved SLE‑associated inflammation via 
its downregulation of MAPK1.

It has been documented that the protein level of NF‑κBp65 
and the ratio of p‑IκBα/t‑IκBα can be used to evaluate the 
activity of the NF‑κB pathway in SLE (49,56,57). The present 
study explored the regulatory relationship between miR‑101‑3p 
and NF‑κB pathway on the inflammation of SLE. Therefore, 
NF‑κBp65 and the ratio of p‑IκBα/t‑IκBα were chosen to eval‑
uate the activity of the NF‑κB pathway. The NF‑κB pathway 
is involved in the regulation of the inflammatory and immune 
responses (58) and miR‑101 regulates the NF‑κB pathway in 
several diseases. For example, miR‑101 attenuates cisplatin 
chemoresistance by reducing NF‑κB signaling in hepatocar‑
cinoma (59) and miR‑101 silencing facilitates the pathogenesis 
of neuropathic pain by promoting NF‑κB activity (60). In the 
present study, the expression of NF‑κB‑related proteins in 
SLE PBMCs was markedly decreased following miR‑101‑3p 
overexpression, indicating that miR‑101‑3p may be involved 
in the development of SLE via its inhibition of the NF‑κB 
pathway. Additionally, MAPK1 overexpression increased the 
NF‑κB‑related protein expression in SLE PBMCs, suggesting 
that MAPK1 promoted NF‑κB signaling in these cells. 
Considering the interactions between miR‑101‑3p and MAPK1, 
it was hypothesized that miR‑101‑3p reduced MAPK1 expres‑
sion inhibiting NF‑κB signaling in SLE PBMCs. However, the 
specific regulatory mechanisms underlying these interactions 
remain to be elucidated.

Previous studies have demonstrated that inhibition of the 
NF‑κB pathway attenuates the inflammatory response in auto‑
immune diseases. For instance, demethylzeylasteral alleviates 
the inflammatory response in lupus nephritis by restricting 
NF‑κB signaling (61) and miR‑146a inhibits inflammation 
in the kidney tissues during SLE via its regulation of the 
NF‑κB pathway (62). In the present study, BAY11‑7085 and 
BAY11‑7082 were demonstrated to effectively reverse the 
inhibitory effects of miR‑101‑3p overexpression or promote 
the effects of MAPK1 overexpression in SLE PBMCs. These 
feedback experiments demonstrated that miR‑101‑3p reduces 
inflammation by inhibiting NF‑κB signaling in SLE PBMCs. 
Taken together the results of the present study suggested that 
the overexpression of miR‑101‑3p could alleviate SLE via the 
inhibition of MAPK1 expression and the prevention of NF‑κB 
signal transduction.

In conclusion, miR‑101‑3p is downregulated in SLE 
PBMCs and may be used as an additional diagnostic marker for 
SLE. miR‑101‑3p inhibited inflammation in SLE PBMCs via 
downregulation of MAPK1 and indirect prevention of NF‑κB 
signaling. These results suggested that both miR‑101‑3p and its 

target MAPK1 may be promising therapeutic targets for SLE. 
However, there were some limitations to the present study. 
First, it was limited to the cellular level and further in vivo 
experiments are required to clarify the regulatory mechanism 
controlling miR‑101‑3p‑mediated changes to the inflamma‑
tory response in SLE. Second, there are a number of other 
downstream targets and pathways of miR‑101‑3p that have not 
yet been evaluated in SLE, suggesting that future evaluations 
should consider using more high throughput technologies such 
as microarrays to evaluate more targets rapidly.
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