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miR-146a-5p protects against renal injury in
MRL/Ipr mice via improvement of the Treg/Th17
imbalance by targeting the TRAF6/NF-kB axis
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Abstract. Dysregulated microRNA (miRNA or miR) expres-
sion is an important cause of immune homeostasis disorder
in patients with systemic lupus erythematosus and lupus
nephritis (LN). The present study evaluated the possibility of
using miR-146a-5p as a therapeutic target for treating LN. The
effects of miR-146a-5p on lupus syndrome in MRL/lpr mice
were evaluated. MRL/Ipr mice were injected with miR-146a-5p
agomir (M146AG) or agomir negative control (NC). Renal
function index, pathology and protein expression levels of
inflammatory factors in MRL/lpr mice were evaluated after
M146AG or agomir NC treatment. Reverse transcription-quan-
titative PCR, western blotting and immunofluorescence were
used to assess the effect of M146AG on mRNA and protein
expression levels of (tumor necrosis factor receptor-associated
factor 6) TRAF6/NF-«kB axis components. A luciferase
dual reporter system was used to assess the mechanism of
regulation of TRAF6/NF-«xB axis expression. Finally, flow
cytometry was used to assess the regulatory effect of M146AG
on regulatory T cell (Treg)/T helper 17 (Th17) balance. The
findings demonstrated that M146AG ameliorated renal lesions
and the inflammatory response in MRL/Ipr mice. TRAF6
was demonstrated to be targeted and significantly negatively
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regulated by miR-146a-5p. M146AG intervention significantly
increased expression of miR-146a-5p and significantly down-
regulated the mRNA and protein expression levels of TRAF6
and NF-xB in CD4* T cells of MRL/Ipr mice. Furthermore,
M146AG intervention alleviated Treg/Thl7 imbalance
in MRL/Ipr mice peripheral blood. The present findings
demonstrated that M146AG improved Treg/Th17 imbalance
and alleviated renal lesions in MRL/Ipr mice by targeting the
TRAF6/NF-kB axis. This may provide a new theoretical basis
for the clinical diagnosis and treatment of LN.

Introduction

Systemic lupus erythematosus SLE is a complicated inflam-
matory autoimmune disease. SLE frequently affects multiple
systems in the body, with the kidney being one of the most
commonly involved organs (1). Lupus nephritis (LN) affects
40-70% of patients with SLE and has become a major risk
factor for end-stage renal disease and death (2). Previous
studies have reported that release of free radicals and inflam-
matory cytokines, as well as an imbalance in T cell metabolism
and subsets, are the primary causes of autoimmune disease in
patients with SLE (3.4).

Inflammatory signalling disorders, hyperactivation of
effector cell subtypes and autoantibody production have
been reported as causes of SLE (5-7). Previous studies have
reported that as an important element of the effector and regu-
latory immune responses, T cell dysfunction is widespread in
patients with SLE (8,9). Emerging evidence suggests that the
imbalance of T helper 17 (Th17) and regulatory T cells (Tregs)
serves an important role in the pathogenesis of SLE (8,10).
Increased numbers of Th17 cells have been reported to serve a
key role in the pathogenesis of SLE and LN (11,12). Moreover,
blocking IL-17 is reported to be a promising treatment strategy
for SLE (13). However, based on the reduction and dysfunc-
tion of Treg in patients with SLE, using Treg as a therapeutic
target is also expected to alleviate SLE (14). Therefore, it may
be an effective strategy to treat SLE and LN by correcting
Treg/Th17 imbalance.

MicroRNAs (miRNAs or miRs), a class of single-stranded
small non-coding RNAs with lengths ranging from 19 to
23 nucleotides, typically regulate the expression of their
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target gene by binding to the 3'-untranslated region (3'-UTR)
of mRNAs (15,16). Previous studies have reported that
miRNAs are important in the regulation of immune homeo-
stasis and abnormal miRNA expression has been reported
in patients with autoimmune disease (17,18). A recent study
reported that compared with healthy volunteers, miRNA
in patients with SLE was differentially expressed and may
be a promising biological target for SLE treatment (19).
miR-199a-5p alleviates SLE by promoting splenic CD4*
T cell senescence (20). miR-654 treatment decreases macro-
phage migration inhibitory factor expression and downstream
inflammatory cytokine production, which is reported to
improve murine LN (21). Numerous studies have reported
that miR-146a underexpression contributes to changes in the
type I interferon (IFN) pathway in patients with SLE (22,23).
Furthermore, administration of miR-146a relieves renal
injury in mice with SLE (24); however, the underlying
mechanism is not clear. Previous studies have reported
that miRNA regulates the proportion of Treg/Th17 subsets
in vivo and in vitro and serves an immunotherapeutic role in
autoimmune diseases (25,26). To the best of our knowledge,
however, the immunotherapeutic action of SLE by correction
of the Treg/Th17 imbalance via miRNA supplementation,
has been rarely reported (27).

In the present study, the regulatory effect of miR-146a-5p on
differentiation of Treg/Th17 in MRL/Ipr mice was assessed to
evaluate whether miR-146a-5p may be a potential therapeutic
target for treatment of SLE-induced renal lesions.

Materials and methods

Animals and groups. A total of 30 female MRL/Ipr mice
(weighing 379+ 1.5 g age, 8 weeks) were purchased from
Shanghai SLAC Laboratory Animal Co., Ltd. and housed in
a specific-pathogen-free laboratory under standard humidity
(40-60%) and temperature (25°C), with a 12/12-h light/dark
cycle and with free access to standard diet and water. The Ethics
Board of Yantai Hospital of Traditional Chinese Medicine
approved all experimental procedures (approval no. 2021-09).
The mice received humane care and all efforts were made to
alleviate suffering.

MRL/Ipr mice were randomly divided into three groups
(n=10/group) as follows: i) Vehicle (VEH); ii) miR-146a-5p
agomir (M146AG) and iii) agomir negative control (NC)
(Fig. 1A). At the age of 10-13 weeks, the MRL/Ipr mice in
the M146AG group and NC group were administered 20 nmol
M146AG or M146AG NC in 0.2 ml saline weekly via injec-
tion into the tail vein. MRL/Ipr mice in the VEH group were
injected with equal volumes of saline via the tail vein on a
weekly basis. All mice were sacrificed 1 week after the last
injection. Guangzhou RiboBio Co., Ltd. synthesized the
M146AG and M146AG NC; sequences used are presented
in Table SI.

Urine samples (500 ul) were collected once /week and
centrifuged at 3,000 x g for 15 min at 4°C; supernatant was
stored at -80°C until use for urinary protein assessment. At
the end of the experiment mice were anesthetized using ether
and sacrificed using exsanguination via the aorta, with blood
samples (500 ul) taken from the abdominal aorta. To collect
serum, the blood was centrifuged at 3,000 x g for 15 min at

4°C. Mice were confirmed dead when there was no autono-
mous respiration, no reflex activity and no heart activity. The
kidneys were dissected, with the left kidney used for patho-
logical analysis and the right kidney used for western blotting.
Separated serum and kidney were stored at -80°C until use in
subsequent experiments.

Assessment of kidney function. Blood urea nitrogen (BUN)
and serum creatinine (SCr) concentrations were assessed
using commercially available Urea Nitrogen (BUN) Test (cat.
no. C013-2-1; Nanjing Jiancheng Bioengineering Institute) and
Creatinine (Cr) Assay kit (cat. no. CO11-2-1; Nanjing Jiancheng
Bioengineering Institute), respectively. The manufacturer's
instructions for the corresponding assay kit were precisely
followed.

Histological examination. Renal tissue was fixed using
10% formaldehyde for 24 h at 4°C, embedded in paraffin,
cut into 4 ym sections and mounted on slides. The prepared
slides were deparaffinized twice in xylene at room tempera-
ture and rehydrated using an ethanol gradient before being
stained independently with Masson's trichrome (5 min, room
temperature) and hematoxylin and eosin (H&E) (5 min,
room temperature). Tissue injury was evaluated blindly
and rated using a glomerular damage score, as previously
described (28). The severity of glomerulonephritis was
graded on a 0-4 scale as follows: 0, normal; 1, mild increase
in mesangial cellularity and matrix; 2, moderate increase
in mesangial cellularity and matrix, with thickening of the
glomerular basement membrane (GBM); 3, focal endocapil-
lary hyper cellularity with obliteration of capillary lumina
and a substantial increase in the thickness and irregularity
of the GBM and 4, diffuse endocapillary hyper cellularity,
segmental necrosis, crescents and hyalinized end-stage
glomeruli.

Masson's trichrome staining was used to evaluate the
area of renal interstitial fibrosis according to the manufac-
turer's protocol (cat. no. G1340, Beijing Solarbio Science &
Technology Co., Ltd.) (29). A DM4000 light microscope was
used to obtain images (Leica Microsystems GmbH). Imagel
(version 1.53; National Institutes of Health) was used to calcu-
late fibrosis as the percentage of blue collagen-stained area
relative to total tissue in each field of view as follows: Renal
fibrosis score (%)=the area of Masson's trichrome-stained
collagen (blue)/total area.

Assessment of serum cytokines. The levels of cytokines IFN-v,
IL-6, TNF-a and IL-17A were assessed in mouse serum using
the Bio-Plex Pro™ Mouse Cytokine TH17 Panel A 6-Plex
kit (cat. no. M6000007NY; Bio-Rad Laboratories, Inc.). The
manufacturer's instructions for the corresponding assay kit
were followed.

Flow cytometry. A FACSCanto II flow cytometer (BD
Biosciences) and FlowJo software (version 10.7.1; Tree Star)
were used to analyze the percentage of Th17 and Treg cells
in peripheral blood mononuclear cells. Cells were incu-
bated in the dark for 25 min at 4°C with antibodies against
surface markers. For intracellular staining, cells were fixed,
permeabilized using Cytofix/Cytoperm kit (cat. no. 554714,
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BD Biosciences) for 15 min at 4°C and stained for 50 min
at 4°C in the dark with fluorescently labeled antibodies. The
following antibodies were used: Anti-mouse CD3 APC (cat.
no. MA1-81438; eBioscience; Thermo Fisher Scientific, Inc.),
CD4 FITC (cat. no. MHCDO0401; eBioscience; Thermo Fisher
Scientific, Inc.), CD25 Percp-cy5.5 (cat. no. 45-0251-82;
eBioscience; Thermo Fisher Scientific, Inc.), Foxp3 PE (cat.
no. 12-5773-82; eBioscience; Thermo Fisher Scientific, Inc.)
and IL-17 PE (cat. no. 12-7178-42; eBioscience; Thermo Fisher
Scientific, Inc.).

Immunofluorescence. Immunofluorescence was performed
as previously described (30). Briefly, CD4* T cells were fixed
using 4% paraformaldehyde at room temperature for 30 min,
washed with PBS and blocked using 0.3% Triton X-100, 10%
normal goat serum (cat. no. SL0O38, Beijing Solarbio Science
& Technology Co., Ltd) and 1% bovine serum albumin (cat.
no. S9020, Beijing Solarbio Science & Technology Co., Ltd)
at room temperature for 2 h. Cells were treated at 4°C over-
night with primary antibodies against tumor necrosis factor
receptor-associated factor 6 (TRAF6; 1:400; cat. no. 8028,
Cell Signaling Technology, Inc.) and nuclear factor (NF)-xB
(1:400; cat. no. 6956, Cell Signaling Technology, Inc.). After
adding fluorescently labeled goat anti-mouse IgG (DyLight
549; 1:200; cat. no. ab96881; Abcam) and goat anti-rabbit IgG
(DyLight 488; 1:200; cat. no. ab96899; Abcam) secondary
antibodies, samples were incubated at room temperature for
2 h. DAPI (cat. no. 4083, Cell Signaling Technology, Inc) was
used as a nuclear counterstain and samples were incubated at
room temperature for 2 min. The images were obtained using a
LSMB880 fluorescent microscope with Airyscan (Zeiss GmbH)
and analyzed using ImagelJ (version 1.53; National Institutes
of Health).

Western blotting. Western blot analysis was performed as
described previously (31,32). Briefly, CD4* T cells were
lysed for 30 min on ice using RIPA buffer (cat. no. R0010;
Beijing Solarbio Science & Technology Co., Ltd.) containing
1% phenylmethanesulfonyl fluoride (cat. no. PO100; Beijing
Solarbio Science & Technology Co., Ltd.). The protein
content was quantified using a BCA protein assay kit (cat.
no. PC0020; Beijing Solarbio Science & Technology Co.,
Ltd). SDS-PAGE was performed on 5-15% linear acrylamide
gradient gel (10 ug protein/lane). After transferring proteins
onto PVDF membranes, the membranes were blocked for 2 h
at room temperature using 5% skimmed milk powder. The
membranes were then incubated overnight at 4°C with primary
antibodies as follows: TRAF6 (1:3,000; cat. no. 8028; Cell
Signaling Technology, Inc.), NF-kB (1:3,000; cat. no. 8242;
Cell Signaling Technology, Inc.), B-actin (1:5,000; cat.
no. 4970; Cell Signaling Technology, Inc.), FoxP3 (1:3,000;
cat. no. 12632; Cell Signaling Technology, Inc.) and IL-17A
(1:3,000; cat. no. 13838; Cell Signaling Technology, Inc.).
The membranes were incubated with an anti-rabbit IgG
(H+L) (1:5,000; cat. no. 14708, Cell Signaling Technology,
Inc.) secondary antibody for 2 h at room temperature,
followed by washing 3 times using TBST (20% Tween 20).
The protein bands were visualized using developer a ECL
kit (cat. no. POOI8FS; Beyotime Institute of Biotechnology),
and semi-quantitative densitometry was performed on the

identified bands using Image Quant 5.2 software (Molecular
Dynamics, Inc.).

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). Total RNA was isolated from the tissue samples
using TRIzon Reagent (cat. no. CW0580, CoWin Biosciences)
according to the manufacturer's protocol. A total of 1 ug of
total RNA was reverse transcribed into cDNA at 37°C for
60 min and 4°C for 5 min using a First-strand cDNA Synthesis
kit (cat. no. E6300L; New England BioLabs, Inc.) according
to the manufacturer's protocol. qPCR assay was performed
by using SYBR green dye on Step One sequence detection
system (Applied Biosystems; Thermo Fisher Scientific, Inc.).
The thermocycling conditions were as follows: initial predena-
turation step at 95°C for 3 min, followed by 39 cycles of 95°C
for 20 sec and 60°C for 30 sec. The 2244 method was used to
assess the relative abundance (33). The internal reference used
for mRNA was GAPDH and the internal reference used for
miR-146a-5p was U6. Primers are presented in Table SII.

Dual-luciferase reporter gene assay. miR-146a-5p
mimics/inhibitors and corresponding NC were manufactured
by Guangzhou RiboBio Co., Ltd. (Table SI). The 293T cell
line was used for the luciferase reporter assay. The 3'-UTR
of TRAF6 which contained the predicted binding targets of
miR-146a-5p (targetscan.org/vert_72/) was cloned into the
c-myc luciferase reporter plasmid (Genomeditech) with either
original wild-type (WT) or altered mutant sequence (MUT)
at the binding sites. The 293T cells were co-transfected using
800 ng TRAF6-WT 3'-UTR or TRAF6-MUT 3'-UTR dual
luciferase reporter plasmid vector and 20 uM miR-146a-5p
mimic, inhibitor or NC using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). Dual-Luciferase
Reporter Assay System (E1910, Promega Corporation) was
used to assess Renilla and Firefly luciferase activity of lysed
293T cells 24 h after transfection.

Statistical analysis. Statistical analyses were performed
using SPSS (version 19.0; IBM, Corp.). Three independent
experiments were performed and data are presented as
mean + standard deviation. One-way analysis of variance with
Tukey's post hoc test and the unpaired Student's t-test were
used for comparisons between =3 and 2 groups, respectively.
Spearman's rank correlation coefficient was used to assess the
correlation between two independent samples. P<0.05 was
considered to indicate a statistically significant difference.

Results

MI46AG alleviates renal lesions in MRL/Ipr mice. To evaluate
the effect of M146AG on renal function parameters of MRL/Ipr
mice, the concentration of BUN and SCr was assessed. The
levels of BUN and SCr were significantly decreased in the
M146AG group compared with both the VEH and NC groups
(Fig. 1B and C).

H&E and Masson staining were used to evaluate the effect
of M146AG on renal histopathology of MRL/Ipr mice. In the
VEH and NC groups, H&E staining demonstrated glomerular
swelling and extracellular matrix deposition, as well as a high
level of inflammatory cell infiltration (Fig. 1D). Furthermore,
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Figure 1. M146AG alleviates renal lesions in MRL/Ipr mice. (A) Schematic representation of the experimental design. Renal function was assessed using
(B) BUN and (C) SCr levels. (D) Representative micrographs of H&E-stained renal sections (scale bar, 50 gm). (E) Glomerular injury score. (F) Representative
micrographs of Masson's trichrome-stained renal sections (scale bar, 50 zm). (G) Renal fibrosis score. All data are presented as the mean + standard deviation.
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urea nitrogen; SCr, serum creatinine.

Masson staining demonstrated that levels of renal interstitial
fibrosis in the VEH and NC group were markedly higher than
those in the M146AG group (Fig. 1F). However, M146AG
treatment significantly alleviated the glomerular damage and
renal interstitial fibrosis scores in MRL/Ipr mice compared
with both the VEH and NC groups (Fig. 1D-G). These
results indicated that M146AG improved renal lesions in
MRL/Ipr mice.

MI146AG inhibits expression of inflammatory factors in
the serum and renal tissue of MRL/Ipr mice. The effect of
M146AG on protein and mRNA expression levels of inflam-
matory factors in serum and renal tissue of MRL/Ipr mice was
assessed. Protein expression levels of serum inflammatory

factors IL-6, IL-17A, TNF-a and IFN-y were significantly
decreased following M146AG intervention compared with the
VEH and NC groups (Fig. 2A-D). Similarly, mRNA expres-
sion levels of inflammatory markers IL-6, IL-17A, TNF-a and
IFN-y were also significantly decreased in the renal tissues
of the M146AG group compared with the VEH and NC
groups (Fig. 2E-H). These results demonstrated that M146AG
alleviated the inflammatory response in MRL/Ipr mice.

MI46AG regulates mRNA expression levels of miR-146a-5p
and the TRAF6/NF-kB axis components in CD4* T cells
of MRL/Ipr mice. To evaluate the potential molecular
mechanisms by which M146AG alleviated renal lesions in
MRL/Ipr mice, expression levels of miR-146a-5p and mRNA
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Figure 2. M146AG inhibits mRNA and protein expression levels of inflammatory factors in serum and renal tissue of MRL/Ipr mice. Protein concentrations
of (A) IL-6, (B) IL-17A, (C) TNF-a and (D) IFN-y in serum of MRL/Ipr mice. Relative mRNA expression levels of (E) IL-6, (F) IL-17A, (G) TNF-o and
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control; miR, microRNA; M146AG, miR-146a-5p agomir.

and protein expression levels of the TRAF6/NF-kB axis
components in CD4* T cells were assessed. The expression
of miR-146a-5p was significantly increased in CD4* T cells
in the M146AG treatment group compared with the VEH
and NC groups (Fig. 3A). Furthermore, compared with the
VEH and NC groups, mRNA and protein expression levels
of TRAF6 and NF-«B were significantly decreased in CD4*
T cells with M146AG treatment (Fig. 3B-F). Subsequent
microscopic analysis of TRAF6 and NF-«B expression levels
further demonstrated the downregulate in protein expres-
sion levels in CD4* T cells of MRL/Ipr mice after M146AG
treatment (Fig. 3G). These data indicated that M146AG inter-
vention inhibited mRNA and protein expression levels of the
TRAF6/NF-kB axis components by upregulating expression
of miR-146a-5p in the CD4* T cells of MRL/Ipr mice.

miR-146a-5p directly targets TRAF6. Potential binding
sites between miR-146a-5p and TRAF6-3'-UTR sequences
were assessed using Targetscan (Fig. 4A). To evaluate
if miR-146a-5p influenced TRAF6 expression levels by

targeting its 3'-UTR, a luciferase reporter system was
constructed. Compared with the NC group, miR-146a-5p
mimic significantly decreased luciferase activity, whereas
miR-146a-5p inhibitor treatment significantly increased
relative luciferase activity compared with the NC group
(Fig. 4B). Furthermore, when the seed sequence of the
miR-146a-5p binding sites was altered, the effect of
miR-146a-5p on luciferase activity was not demonstrated
(Fig. 4B). Expression levels of miR-146a-5p in 293T cells
were significantly increased compared with the NC.
RT-qPCR demonstrated significantly lower TRAF6 mRNA
expression levels in cells treated with miR-146a-5p mimics
compared with NC; however, significantly increased TRAF6
mRNA expression levels were demonstrated in cells treated
with miR-146a-5p inhibitor compared with NC (Fig. 4C).
These results demonstrated that miR-146a-5p targeted and
negatively regulated TR AF6 expression.

MI46AG improves the Treg/Thil7 imbalance in MRL/lpr mice.
To elucidate the mechanism of M146AG-mediated regulation
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of inflammatory responses, expression levels of IL-17A and
Foxp3 in CD4" T cells of MRL/Ipr mice were evaluated.
Compared with the VEH and NC group, the level of IL-17A
was considerably decreased and protein expression of Foxp3
was significantly increased in CD4* T cells following M146AG
treatment (Fig. 5A-C). Consistent with this, the percentage
of Thl17 cells significantly decreased and the percentage
of Treg cells was significantly increased in the M146AG
group compared with the VEH and NC groups (Fig. 5D-G).
Furthermore, M146AG treatment significantly lowered the
ratio of Th17 to Treg in MRL/lpr mice compared with VEH
and NC groups (Fig. SH). Pearson's correlation analysis demon-
strated a significant negative association between Th17/Treg

ratio and the mRNA expression levels of miR-146a-5p in
the CD4* T cells of MRL/Ipr mice (Fig. 5I). CD4* T cells of
MRL/lpr mice demonstrated a significant positive correlation
between Th17/Treg ratio and the relative protein expression
of NF-xB (Fig. 5J). These data indicated that M146AG may
restore the Th17/Treg balance in MRL/Ipr mice by targeting
the TRAF6/ NF-«B axis.

Discussion
The inflammatory response caused by T cell subset differ-

entiation and metabolic imbalance is a key cause of SLE.
miR-146a-5p in the peripheral blood of patients with SLE
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is reported to be downregulated, but its direct targets and
biological functions are still unclear (22). In the present study,
M146AG intervention in vivo demonstrated that M146AG
treatment repaired the inflammatory response and kidney
pathological injury and improved the Treg/Th17 imbalance
in peripheral blood of MRL/Ipr mice. Furthermore, using
bioinformatics tools combined with cell experiments, it was
demonstrated that the TRAF6/NF-xB axis was the direct
target of miR-146a-5p for immunoregulation in CD4* T cells.

The abnormal metabolism of miRNAs in patients with
SLE has received increased attention as the pathogenesis of
lupus has been studied in depth (18,34). Therefore, it could
be hypothesized that miRNA may be a potential biomarker
for the diagnosis of SLE and that a novel SLE therapies
with miRNAs as the intervention object could be developed.
Thai et al (35) reported that elimination of miR-155 in
MRL/Ipr mice decreases renal inflammation and autoanti-
body synthesis. Xia ef al (36) reported that overexpression
of miR-326 in MRL/Ipr mice results in B cell hyperactivity
and serious SLE. Previous studies reported that miR-146a is
a significant negative regulator in the immune response and
its defect leads to numerous immune disorders (24,37,38).
Fu et al (24) reported that miR-146a protects the kidney from
SLE-induced injury in MRL/lpr mice by regulating both

classical and non-classical NF-kB signaling. In the present
study, it was demonstrated that M146AG alleviated abnormal
renal function and repaired pathological damage of renal
tissue in MRL/Ipr mice. According to previous reports, the
chronic inflammatory response induced by abnormal autoim-
mune metabolism is the main inducing factor of LN, which
primarily manifests as significant upregulation of expression
of various pro-inflammatory cytokines, such as IL-6, IL-17A
and IFN-v (39,40). In the present study, it was demonstrated
that M146AG intervention markedly downregulated levels of
the inflammatory factors IL-6, IFN-y, TNF-a and IL-17A in
both peripheral blood and the renal tissue of MRL/Ipr mice.
These data indicated that correcting the inflammatory reaction
caused by autoimmune disorder is a potential mechanism by
which M146AG alleviates LN.

Previous studies have reported that the imbalance of
pro-inflammatory and anti-inflammatory T cell subsets,
especially Treg and Thl7, is a vital reason for the immune
homeostasis disorder in autoimmune diseases such as
SLE (3,41). Accumulated evidence indicates that the imbal-
ance of Treg and Th17 is involved in the pathogenesis of SLE;
however, the root causes of Th17/Treg imbalance in SLE
remain unelucidated (3,8). In patients with SLE, the number
of Th17 cells and Thl7-related inflammatory cytokines such
as IL-6 and IL-17 are reported to be increased (27). However,
the number of Treg cells and Treg-associated anti-inflamma-
tory cytokines such as TGF-f3 and IL-10 are reported to be
decreased in patients with SLE (42,43). The present study
demonstrated that M146AG intervention significantly reversed
the imbalance of Th17/Treg in MRL/Ipr mice. These data
demonstrated that reversing the imbalance of T cell subsets
may be a potential mechanism by which M146AG repairs
autoimmune disorders in SLE mice.

Previous studies have reported that the inflammatory
response mediated by the NF-«xB signaling pathway is involved
in LN pathogenesis (44.,45). Inhibition of the activation of the
NOD-like receptor protein 3-mediated inflammasome by
inhibiting NF-xB p65 nuclear migration has been reported
to alleviate renal inflammation (46). Increasing studies have
reported that the NF-kB pathway participates in maintenance
of Th17/Treg balance in numerous tissues and organs (47,48).
Furthermore, members of the TRAF family are key signaling
intermediaries in the NF-«B signaling pathway upstream of
the IxB kinase (IKK) complex. NF-«B activation has been
reported to be induced by TRAF6 in response to a range
of stimuli, such as cell surface or intracellular signals (49).
Based on these reports, the TRAF6/NF-«kB axis as a target
for treatment of SLE and other autoimmune diseases has
attracted increased attention (38,50). It has been reported
that the levels of miR-146a-5p in renal tissue and periph-
eral blood are notably decreased in LN patients compared
with healthy controls, while the transcriptional activity of
TRAF6 and NF-«B is enhanced (37,38). In the present study,
upregulation of expression levels of miR-146a-5p by M146AG
treatment suppressed activation of the TRAF6/NF-kB axis
and corrected the Th17/Treg imbalance in MRL/Ipr mice.
Similarly, Meng et al (51) reported that miR-146a-5p inhibits
proliferation of pancreatic ductal adenocarcinoma cells by
targeting the 3'-UTR of TRAF6 and downregulation of the
TR AF6/NF-kB/p65/P-glycoprotein axis. Liu ef al (52) also
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Figure 5. M146AG improves the Treg/Th17 imbalance in MRL/Ipr mice. (A) Representative bands of Th17A and Foxp3 protein expression levels assessed
using western blotting. The relative protein expression levels of (B) Th17A and (C) Foxp3. (D) Representative flow cytometry dot plots for Th17 cells.
(E) Percentage of Th17 cells assessed using flow cytometry. (F) Representative flow cytometry dot plots for Treg cells. (G) Percentage of Treg cells assessed
using flow cytometry. (H) Th17/Treg ratio. (I) Pearson correlation analysis between expression of miR-146a-5p and the Th17/Treg ratio. (J) Pearson correlation
analysis between the relative protein expression of NF-xB and the Th17/Treg ratio. All data are presented as mean + standard deviation. "P<0.05 and “P<0.01.
VEH, vehicle; NC, negative control; miR, microRNA; M146AG, miR-146a-5p agomir; Treg, T regulatory; Th17, T helper 17.

reported that miR-146a-5p inhibits survival of non-small
cell lung cancer cells by directly binding to and suppressing
TRAF6. In the present study, the ratio of Th17/Treg in MRL/lpr
mice was significantly correlated with expression levels of
miR-146a-5p and protein expression levels of NF-kB in CD4*
T cells. This was consistent with a previous report that miRNA
contributes to the preservation of immunological homeostasis
in numerous physiological and pathological situations by the

regulation of Th17/Treg balance (3). The aforementioned
results suggested that using miRNA as a therapeutic molecule
to target TRAF6 or NF-«xB to inhibit NF-xB transcriptional
activity and inflammatory factor synthesis may be a prom-
ising therapeutic strategy for SLE and LN. Nevertheless, the
current study was associated with a couple of limitations. For
instance, there was a lack of information on the time and dose
dependence of M146AG treatment.
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In conclusion, the present study demonstrated a potentially
novel role for miR-146a-5p in mice with LN, which involved
alleviation of the inflammatory response via regulation of the
Th17/Treg balance. During this process, the TRAF6/NF-kB
axis may be a key target. Therefore, miR-146a-5p may be used
as a potential therapeutic target for treatment of LN.
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