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miR-125a-3p decreases levels of interlukin-17 and
suppresses renal fibrosis via down-regulating
TGF-B1 in systemic lupus erythematosus
mediated Lupus nephritic mice
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Abstract: Lupus nephritis (LN) is an autoimmune disorder mediated by systemic lupus erythematosus (SLE). Micro
RNAs also called as miRs act potentially in the development and progression of SLE. MiR-125a-3p is reported to
be down-regulated inpatients of SLE. Aim of the study was to evaluate the function of miR-125a-3p and its effect
on regulation of fibrosis and interleukin (IL)-17 in LN. The Renal physiology in MRL/MPJ-Fas /) mice was done by
Hematoxylin and eosin staining; expression of miR-125a-3p in renal tissues by RT-PCR, Immunoblotting analysis
was done expression of proteins. For in vitro studies, rat mesangial SV40MES13 cells were used and were trans-
fected with vectors. Luciferase activity was done for studying the potential binding of miR-125a-3p with IL-17. It
was found that, the expression of miR-125a-3p in kidney tissues of experimental mice were towards lower side
versus the control; on the contrary the levels of IL-17 were up-regulated in experimental mice. Luciferase activity
suggested that miR-125a-3p binds potentially on the 3'UTR region of IL-17. The assay also suggested up-regulation
of miR-125a-3p and suppressed levels of IL-17 in SVAOMES13 cells. The up-regulation of miR-125a-3p suppressed
the levels of collagen I/1l and transforming growth factor-B1 (TGF-1) in SV4A0MES13 cells. MiR-125a-3p could be
a important factor in the pathogenesis of LN which causes decrease in expression of IL-17 by potentially binding to
the 3'UTR region causing suppression of fibrosis via down-regulating TGF-1 in the SV40MES13 rat mesangial cells.
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Introduction of collagen | which is a matrix protein is regard-

ed as a prime factor of fibrosis [4].
Lupus nephritis (LN) is diagnosed to be a com-

plicated autoimmune disorder engendered ma-
jorly by systemic lupus erythematosus (SLE),
the condition is characterized by damage in
multiple organ, majorly in the Kidney, joints,

The condition of SLE is associated with deregu-
lation of innate and adaptive immune response,
cytokines play an important role in these sys-
tems [5]. Deregulation in production of cyto-

brain and skin [1]. Major of SLE subjects devel-
op LN [2, 3]. LN has been featured by many
types of glomerulonephritis having fibrotic or
inflammatory responses. Numbers of factors
contribute in the development of LN, still the
exact genetic pathway remains unclear. Thus it
makes worthy to evaluate the genes and the
mechanism involved in LN for overcoming
nephritis and renal fibrosis. The condition of LN
is accompanied with inflammation via a pro-
gressive suppression in function of kidney
mediated by developing fibrosis. A deposition

kines play an important role in immune dys-
function and leads to inflammatory response in
tissues causing organ damage. Inflammatory
cytokines such as, interferons (type 1 and 2),
interleukins (IL) such as IL-6, IL-1, IL-21, immu-
nomodulatory cytokines such as IL-10, the
tumor necrosis factor-a (TNF-), transforming
growth factor-B (TGF-B) have been identified to
play important role in SLE [6]. The studies have
reported various molecular and biological medi-
ators contributing in the pathogenesis of SLE
[7], exploiting these has been aimed for devel-
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oping new therapeutic biomarkers and strate-
gies. Though numbers of factors have been
discovered contributing in the development of
SLE, the target genes and the involved cas-
cades are still not understood. Thus, it was
worth to investigate the possible mechanism
and the involved genes for improving the thera-
py and diagnosis of SLE. Recently IL-17 has
been identified to play role in autoimmunity [8].
IL-17 have been identified to be associated with
various autoimmune disorders including rheu-
matoid arthritis [9], sclerosis [10, 11], and SLE
[12]. IL-17 was found to play a prime role in ani-
mal models LN mice [13, 14] and has been
hence assumed to play important role in human
SLE [9]. The levels of IL-17 have been found to
be upregulated in subjects reported for SLE
compared to normal [15-17].

MicroRNAs (miRNAs) are single-stranded en-
dogenously produced, non-coding RNAs having
21-25 nucleotides in length. miRs are respon-
sible for regulating expression of genes via
binding to 3’ untranslated region (3’'UTR). miRs
have been implicated in various cellular pro-
cesses such as cellular immunity [18], inflam-
mation [19], cell proliferation, apoptosis and
differentiation [20]. Also, the miRs have been
linked to repairing of DNA, oxidative stress,
neural development [21, 22]. Evidently, it is
affirmed that number of disorders including
SLE are regulated by miRs [23]. Numbers of
studies have emerged suggesting miRs to act
potentially in the progression and development
of SLE [24-27]. Antecedently a study conducted
on profile of MRNAs in SLE patients identified 8
miRs to be deregulated in SLE patients, among
them miR-16, miR-21, mir-451 and miR-223
were overexpressed in the subjects, whereas
miR-125a-3p, miR-155 and miR-146a were
downregulated. MiR-125a-3p was potentially
involved in the progression and development of
SLE [28].

The present work evaluates the role of miR-
125a-3p and IL-17 on inflammation and fibrosis
in MRL/MPJ-Fas /) mice (in vivo) and in
SVAOMES13 mesangial cells (in vitro). The
study suggested that, the levels of miR-125a-
3p were downregulated in MRL/MPJ-Fas /)
mice compared to control mice, on contrary
the levels of IL-17 were overexpressed in MRL/
MPJ-Fas "®/J mice. Above this, miR-125a-3p
influenced the levels of IL-17 via binding on the
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3'UTR region of IL-17 directly. We also deter-
mined that miR-125a-3p suppressed the fibro-
sis via Transforming growth factor beta 1 or
TGF-B1 in SVAOMES13 cells. The main objec-
tive of the work was to investigate the role of
miR-125a-3p in LN and to find whether miR-
125a-3p governs the levels of IL-17 in LN.

Materials and methods
Animals

For the study 16-17 weeks old female MRL/
MPJ-Fas /) mice weighing 20-22 g (n = 10)
and similarly aged BALB/C female mice (n = 10)
(pathogen free) were obtained from the animal
house of Hanzhong central hospital, Hanzhong,
Shaanxi, China. All the animal studies received
ethical clearance from the animal ethical com-
mittee of Hanzhong central hospital, Hanzhong,
Shaanxi, China, the approval number was HCH/
SLE/2018/R12. The animal experiments were
carried out at laboratories of Hanzhong central
hospital, Hanzhong, Shaanxi, China. All the ani-
mals were housed under controlled conditions
of temperature (22 + 2°C) and relative humidity
(50 £ 10%) with 12 h dark and light cycle, the
mice were provided with access to chow diet
and water ad libitum.

Cell culture

For in vitro studies, the mouse mesangial cells
SVAOMES13 (ATCC® CRL-1927™) were obtained
from ATCC, USA. The cells were utilized for
transfection for studying the function of miR-
125a-3p in SLE. The mice mesangial cells were
subjected to culture in DMEM media, added
with FBS (10%) previously inactivated by heat-
ing, penicillin (100 units/mL), glutamine (2
mmol/L) and streptomycin (100 mg/ml) all
obtained from Sigma Aldrich USA.

Hematoxylin-eosin staining

The renal tissue samples were subjected to
hematoxylin and eosin staining, for the same
the kidneys were harvested and fixed using
xylene (Sigma Aldrich USA) and fixed in paraffin
wax. The tissue sections of 5 uym thickness
were obtained using microtome, the sections
were then deparaffinized using ethanol, fol-
lowed by hematoxylin and eosin staining (Sigma
Aldrich USA) for histological evaluation. The tis-
sue sections were subjected to light micro-
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scope study (Olympus, Japan). The extent of
vascular and glomerular damage was done
using the semi-quantitative scoring system as
discussed earlier [29].

Real-time PCR analysis

The level of miR-125a-3p in renal tissue sam-
ples of MRL/MPJ-Fas *"/J and BALB/C mice was
evaluated by RT-PCR. The total RNA was isolat-
ed using a RNA isolation kit (Thermo Fisher
USA) following the provided instructions. The
synthesis of cDNA was done from isolated total
RNAs using a reverse transcription kit (Thermo
Fisher USA). The cDNA were amplified for PCR
analysis. The RT-PCR primers utilized in the
study were as, miR-125a-3p 5-TCCCTGAGA-
CCCTAACTTGTGA-3. The reverse transcription
was carried using the forward and reverse prim-
ers along with cDNA template in various condi-
tions of temperature followed by PCR amplifica-
tion. The results of PCR amplification were
studied by changing the number of cycles for
each of the cDNA. For PCR analysis U6 was
selected as loading control.

Immunoblotting analysis

The expression of protein was done by immu-
noblotting experiments, the total protein con-
tents were estimated using a protein estima-
tion kit (Thermo Fisher USA) in accordance to
provided instructions. For the study the anti-
TGF-B1, anti-collagen I/Ill was obtained from
Santa Cruz Biotech (USA), anti-IL-17, anti-
B-actin were procured from cell signaling tech-
nologies (USA). The proteins were separated on
sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) (10%) and were
channelized to polyvinylidene difluoride (PVDF)
membranes (ThermoFisher USA). The filters
were exposed to I antibodies for 12 hours at
4°C. The PVDF membranes were treated with
horseradish peroxidase-conjugated goat anti-
rabbit/mouse immunoglobulin-G 1IY antibody
for 1 hour at 37°C. The expressions of pro-
teins were normalized using B-actin as loading
control.

Construction of vector

For constructing vectors, the cDNA from the
hospital lab were used. The primers used for
the study were as follows, miR-125a-3p:
5-TCCCTGAGACCCTAACTTGTGA-3, the 3’-un-
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translated region of IL-17 was produced by
amplification of genomic DNA sequence i.e
ATCCCTCAAAGCTCAGCGTGTC. After PCR, the
resultants were cloned in the pUM-T vector fol-
lowed by verification by sequencing. The PCR
analysis was carried using a one step RT-PCR
system (Invitrogen USA). The clone plasmids,
pmiRGLO-3’'UTR and pcDNA3.1-miR-125a-3p
were separated with QIGEN Plasmid Kits
(Qiagen USA), the extraction was done by add-
ing fragments of T-miR-125a-3p/pcDNA3.1,
pmiRGLO and T-3’UTR.

Interference of RNA

The miR-125a-3p over-expressing rat mesan-
gial SVAOMES13 cells (ATCC® CRL-1927™), the
cells were cloned with plasmids. The anti-miR-
125a-3p expressing SVAOMES13 cells were
created by transfecting them with miR-125a-3p
inhibitor and a siRNA control. All the transfect-
ing vectors were used with Lipofectamine-2000
reagent (Invitrogen USA) in the ratio of 1:1, the
transfection was done by incubating the resul-
tant for 20 min. The obtained complex was
mixed with SVAOMES13 cells followed by incu-
bation of 4 hours at room temperature. The
cells were plated into plates (6 well) using
DMEM (ThermoFisher USA) added with heat-
inactivated FBS (10%) (Sigma Aldrich USA), for
24 hours at room temperature. The cells were
stimulated using P8139 i.e a cell stimulator
(50 ng/ml) (Sigma-Aldrich USA) along with
lonomycin (1 pmol/L) (Sigma-Aldrich USA). The
cells were harvested after 24 hours of
incubation.

Luciferase activity

The Luciferase activity was evaluated using
Luciferase assay system (Promega USA) follow-
ing the supplied instructions. Briefly, the cul-
tured cells received transfection using Lipofe-
ctamine 2000 reagent (Invitrogen, USA) with
vectors i.e. miR-125a-3p plasmids, miR mutant
control. The activities of firefly and renilla lucif-
erase were evaluated after 24 hours of trans-
fection with the help of Luciferase assay sys-
tem (Promega USA).

Immunohistochemical studies
The tissues sections of 5 ym thickness ob-

tained by embedding in paraffin were rehydrat-
ed using xylene solution followed by treatment
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with ethanol for de-paraffinizing the sections.
The tissue sections were blocked after retriev-
ing the antigen using goat serum (5%) for 20
min. The sections were subjected to immunos-
taining by incubating for 12 at room tempera-
ture using I¥ antibodies i.e IL-17 and F4/80
obtained from cell signaling technologies (USA)
and Bio-Rad (USA) respectively. The tissue
slides were washed using phosphate buffer
saline (PBS) at least 3 times followed by incu-
bation with IIY antibodies at room temperature
for 20 min. The tissue slides again rinsed using
PBS followed by incubation for 10 min in DAB
Peroxidase (HRP) Substrate Kit (Vector labora-
tories, USA). The slides were counter stained
using Hematoxylin (Sigma-Aldrich USA), the
slides were viewed under light microscope
(Olympus Japan).

ELISA

The serum of MRL/MPJ-Fas /) mice and the
cell supernatant of SV4A0MES13 cells were col-
lected and rinsed using PBS at least 2 times.
The fraction content of IL-17 in both cell super-
natant of SVAOMES13 cells and in serum of
mice was estimated using a Mouse IL-17 ELISA
Kit (Biocompare USA) following provided in-
structions. The absorbance of samples was
recorded at 450 nm using a microplate reader
(ThermoFisher USA). The content of IL-17 was
expressed as pg/ml.

Statistical analysis

All the data presented were mean values *
standard deviation (SD) (n = 3). The compari-
son of results statistically was done by
Bonferroni’'s multiple comparison tests or by
performing ANOVA. Values of P < 0.05 were
regarded as significant.

Results

The expression of miR-125a-3p was down-reg-
ulated while IL-17 was up-regulated in MRL/
MPJ-Fas /) mice compared to BALB/C mice

Initially, the MRL/MPJ-Fas ''/J and the control
mice (BALB/C) (n = 10) were evaluated for
establishing the histological variations among
the LN and the BALB/C control mice. The histol-
ogy of the isolated kidney from MRL/MPJ-Fas
/) and the BALB/C mice were done by hema-
toxylin and eosin (HE) staining (Figure 1). The
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kidney histology after HE staining of BALB/C
mice showed normal appearing glomerulus and
tubules, whereas the kidneys of MRL/MPJ-Fas
P/) mice showed multiple lesions, sclerosis in
many glomeruli, with tubules showing atrophy,
marked dilation, large deposition of mesangial
matrix and formation of crescent (Figure 1A).
The histological scoring was done to assess the
renal injury (Figure 1B). The kidney sections
from the experimental mice were also analyzed
for periodic acid-Schiff (PA) staining using the
scoring system (Figure 1C, 1D). The results of
PA in the MRL/MPJ-Fas '/J mice showed
enlarged appearing glomeruli due expansion of
mesangial matrix, proliferation in intra capillary
spaces along with hyper-cellularity was seen,
compared to control mice (Figure 1C and 1D).

We further studied the function of miR-125a-3p
in MRL/MPJ-Fas '*'/) mice, for the same the kid-
ney tissues of MRL/MPJ-Fas '*"/J as well as con-
trol mice were subjected to RT-PCR study
(Figure 1E). The results showed that the miR-
125a-3p levels in the kidney tissues of MRL/
MPJ-Fas '*"/J were towards lower side by at least
2 times compared to the BALB/C mice (0.51 +
0.12 for MRL/MPJ-Fas /) mice compared to
1.00 + 0.11 BALB/C mice) (**P < 0.01). It has
been established earlier that IL-17 plays an
important role and is up-regulated in SLE [12].
We next evaluated the levels of IL-17 in serum
of both the group of mice i.e. MRL/MPJ-Fas *'/J
and BALB/C mice by ELISA test. The results of
ELISA showed that the levels of IL-17 in serum
of both MRL/MPJ-Fas '*"/J mice were at least 5
times higher compared to BALB/C mice (Figure
1F). Next, the influx of macrophages was stud-
ied by F4/80 immunohistochemistry of kidney
tissues (Figure 1G). The results showed that
the basement of glomerulus, the tubules and
interstitial tissues of MRL/MPJ-Fas "*/J mice
had significantly higher number of F4/80 posi-
tive cells compared to kidney tissues of BALB/C
mice. The outcomes of immunohistochemistry
(IHC) for expression of IL-17 in MRL/MPJ-Fas
/) mice showed a positive expression of 1L-17
compared to BALB/C mice, suggesting infiltra-
tion of inflammatory cells in the tissues of MRL/
MPJ-Fas '*"/J mice. Protein expression of IL-17 in
MRL/MPJ-Fas /) and control mice was stud-
ied by immunoblotting evaluation (Figure 1H).
The results of protein expression were parallel
to IHC, the levels of IL-17 in kidney tissues of
MRL/MPJ-Fas /) mice were atleast 3 folds
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Figure 1. The levels of IL-17 and miR-125a-3p in MRL/MPJ-Fas '*/J and BALB/C mice. (A-C) Histological study of
kidney tissue sections of MRL/MPJ-Fas */J and BALB/C mice. The tissue sections were obtained and were sub-
jected to H&E (A) and PA staining and (C). (B) (H&E) and (D) (PA) show the results of semi-quantitative analysis of

1847 Am J Transl Res 2019;11(3):1843-1853



miR-125a-3p decreases levels of interlukin-17 in lupus nephritic mice

histology studies. (E) Shows the results of RT-PCR analysis for relative expression of miR-125a-3p in MRL/MPJ-Fas
/) and BALB/C mice. (F) The results of ELISA analysis for serum levels of IL-17 of MRL/MPJ-Fas '*/J and BALB/C
mice. (G) Results of Immunohsitochemistry for F4/80 and IL-17 in kidney tissue sections from MRL/MPJ-Fas /)
and BALB/C mice. (H) Western blot analysis for expression of protein levels of IL-17 and Relative expression of IL-17
against B-actin as loading standard (H). **P < 0.01 compared to BALB/C mice. The data presented are mean + SD.

higher compared to the levels in BALB/C mice
(3.5 £ 0.7 in MRL/MPJ-Fas '»"/J mice compared
to 1.00 + 0.00 in BALB/C mice, **P < 0.01)
(Figure 1H). The results of experiment hence
suggested that the expression of miR-125a-3p
in the renal tissues of MRL/MPJ-Fas /) mice
were downregulated compared to the levels in
control mice, and the levels of IL-17 which is an
inflammatory cytokine were significantly over-
expressed in MRL/MPJ-Fas ""/J compared to
BALB/C mice.

MiR-125a-3p governs the levels of IL-17 in
SV40MES13 cells

Numbers of reports have been published sug-
gesting the involvement of miRs in develop-
ment of LN [25]. In a study earlier, miR-125a-3p
governed the expression of IL-17 by binding to
3'UTR of IL-17 in cancer cells of bone cancer
[30]. In the study we found that the expression
of IL-17 was up-regulated while that of miR-
125a-3p was suppressed in MRL/MPJ-Fas '*'/J
mice (Figure 1E and 1H), in direction of finding
the underlying mechanism for up-regulation of
IL-17 in renal tissue of MRL/MPJ-Fas '*/J mice,
we cloned the 3’'UTR of IL-17 into the reporter
plasmids. The reporter luciferase plasmids
were used further for transfection along with
miR-125a-3p or the mutant which were select-
ed as control in SVA0OMES13 cells. We selected
SVAOMES13 cells for the study as the mouse
mesangial cells are reported to be over-respon-
sive against immune response in LN [31]. The
results of our study suggested that expression
of miR-125a-3p caused a significant suppres-
sion in the Luciferase activity of IL-17 by binding
to 3’'UTR (Figure 2A), whereas the mutations of
miR-125a-3p binding sites abolished the sup-
pression of luciferase activity (Figure 2A), sug-
gesting that miR-125a-3p decreases the levels
of IL-17 by binding to the 3'UTR of IL-17 mRNA
directly.

In addition to the above findings, the over-
expression of miR-125a-3p caused a signifi-
cant suppression in the expression of IL-17. To
further look into the involved mechanism of
miR-125a-3p in the development of LN, the
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miR-125a-3p mimics as well as inhibiting vec-
tors were transfected in the SVAOMES13 cells,
followed by RT-PCR analysis for studying the
levels of MRNA levels of miR-125a-3p. The lev-
els of IL-17 were evaluated in the SVA0OMES13
cell supernatants, the results showed that lev-
els of IL-17 were on significantly lower side in
supernatants of cells transfected with miR-
125a-3p vector compared to that with empty
vector (NC) (Figure 2B) (**P < 0.01). Conversely,
upon inhibiting miR-125a-3p reversed the lev-
els of IL-17 in the cell supernatants after trans-
fecting the cells with miR-125a-3p inhibitor
(Figure 2C). The outcomes suggested that the
expression of IL-17 in the cell supernatant of
SVAOMES13 cells transfected with anti-miR-
125a-3p vector were two times higher com-
pared to that treated with NC i.e transfected
with empty vector (**P < 0.01) (Figure 2D). The
expression of protein IL-17 in SVAOMES13 cells
after transfecting them with mimic or inhibitor
was done by immunoblotting analysis (Figure
2D, 2E). We observed that, the levels of 1I-17 in
miR-125a-3p mimic transfected cells was at
least 2 times lower compared to the NC cells.
Parallel to the findings of ELISA analysis, the
inhibition of miR-125a-3p elevated the levels of
IL-17 in anti-miR-125a-3p cells (Figure 2E). All
together, the outcomes suggested that miR-
125a-3p ameliorated the levels of IL-17 via
binding to the 3'UTR region of IL-17 in the
SVAOMES13 cells.

MiR-125a-3p suppressed the levels of fibro-
genic factors in rat mesangial cells

Transforming growth factor- (TGF-B) is one of
the prime mediators of renal fibrosis responsi-
ble to induce the aggregation of collagen | and
IIl which are the extracellular matrix proteins;
these proteins are responsible to impair the
kidney function. Earlier in a report, miRs
showed a downstream effect on TGF- mediat-
ed fibrosis of kidney [32]. In order to evaluate
the role of miR-125a-3p on the levels of trans-
forming growth factor-B, the levels if TGF-f1
which is the prime subunit of TGF-B along with
the collagen | and lll were assessed against the
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Figure 2. Levels of IL-17 are regulated by miR-125a-3p via binding directly to the 3'UTR region of IL-17 it in rat
mesangial cells. A: The luciferase activity decreased significantly after miR-125a-3p transfection the rat mesangial
cells transfected with luciferase reporter vector bearing the 3'UTR of IL-17 against the cells transfected with miRNA
control. **P < 0.01 compared to IL-17 3’-UTR+vector. B: Up-regulation of miR-125a-3p suppressed the levels of
IL-17 in supernatants of rat masengial cells. The cells received transfection of miR-125a-3p mimic and empty vec-
tors. The levels of IL-17 in rat masengial cells were evaluated by ELISA test. C: Inhibition of miR-125a-3p elevated
the levels of IL-17 in cell supernatants. The cells received transfection of miR-125a-3p inhibitor or empty vector and
the supernatant were subjected for ELISA analysis for levels of IL-17. D: Up-regulation of miR-125a-3p suppressed
the protein levels of IL-17 in rat masengial cells. The cells received transfection with miR-125a-3p mimic and empty
vectors. The levels of IL-17 in rat masengial cells were evaluated by Western blot analysis followed by results for
quantitative analysis. E: Blockade of miR-125a-3p elevated the protein levels of IL-17 in rat masengial cells. The
cells received transfection with miR-125a-3p inhibitor and empty vectors. The levels of IL-17 in rat masengial cells
were evaluated by western blot analysis. **P < 0.01 versus NC group. NC = Rat masengial cells transfected with
empty vector; miR-125a-3p were the cells transfected with a miR-125a-3p mimic vector; anti-miR-125a-3p, were
the cells transfected with a miR-125a-3p inhibitor vector. All the data are presented as mean + SD.

levels in empty vector transfected SVA0MES13
cells i.e. NC cells and the miR-125a-3p vector
transfected SVAOMES13 cells i.e. the miR-
125a-3p cells, results of immunoblotting analy-
sis suggested that, up-regulation of miR-125a-
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3p caused a significant decrease in the levels
of TGF-B1 and also of collagen | and Il in the
miR-125a-3p vector transfected cells com-
pared to SVAOMES13 cells or the NC (Figure
3A). The results suggested miR-125a-3p sup-
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and control vectors. Western blot analysis was done for levels of collagen I, collagen Ill and TGF-B1 in rat mesangial
cells. B: Blockade of miR-125a-3p elevated the levels of fibrosis factors rat mesangial cells. The cells received
transfection with miR-125a-3p inhibitor or empty vectors. Western blot analysis was done for evaluating levels of
collagen I, collagen Ill and TGF-B1 in rat mesangial cells. **P < 0.01 compared to NC group. NC = Rat mesangial
cells transfected with empty vector, miR-125a-3p = Rat mesangial cells transfected with a miR-125a-3p mimic; anti-
miR-125a-3p = Rat mesangial cells transfected with a miR-125a-3p inhibitor.

pressed the expression of TGF-B1 and also of
collagen | and lll in rat mesangial cells.

The outcomes suggested that the suppression
of fibrogenic factors was involved with up-regu-
lation of miR-125a-3p in the mesangial cells. In
order to affirm the role of miR-125a-3p in the
suppression of fibrogenic factors the SV40-
MES13 cells received transfection of anti-miR-
125a-3p, inhibitor, empty vector i.e NC were
utilized to compare the levels of fibrogenic fac-
tors. We observed that the levels of TGF-B1
along with fibrogenic factors were elevated in
cells transfected with anti-miR-125a-3p vector
(Figure 3B). Also it was found that TGF-B1 stim-
ulated the up-regulation of both the fibrogenic
factors i.e. collagen | and collagen lll. The
results suggested that miR-125a-3p regulated
the levels of both collagen | and Ill via suppress-
ing the levels of TGF-B1 in mesangial cells.

Discussion

Expression patterns of cytokines in LN would
be of low importance for disease manifesta-
tions as the condition is clinically heteroge-
neous. Previously some of the reports had
focused on deregulation of adaptive immunity
in LN, however miRs have been identified to be
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the potential regulators in development and
progression of disease. Furthermore, a report
recently has presented the potential of miRs
such as mir-16, miR-21, mir-451 and miR-223
were up-regulated, whereas miR-155, miR-
125a-3p and miR-146a were down-regulated in
LN [28]. However, more studies are needed in
search of new therapies. The present study
evaluated the expression of miR-125a-3p and
IL-17 in SVAOMES13 rat mesangial cells as well
as in MRL/MPJ-Fas /) mice to explicate the
role of miR-125a-3p in the progression of LN. It
was evidenced that, the expression of miR-
125a-3p was decreased whereas the levels of
IL-17 were over-expressed in MRL/MPJ-Fas /)
mice compared to BALB/C mice respectively
(Figure 1). Also, the results of luciferase activity
suggested that miR-125a-3p modified the
expression of IL-17 by potentially binding to the
3'UTR region of IL-17, while up-regulation of
miR-125a-3p decreased the levels of IL-17 as
evidenced by protein expression by immunob-
lotting analysis in the SVA0MES13 rat mesan-
gial cells (Figure 2). We also found that, miR-
125a-3p decreased the levels of fibrosis factor
and the transfection of miR-125a-3p inhibitor
vector caused an elevation in levels of IL-17
along with fibrosis factor (Figures 2 and 3). Our

Am J Transl Res 2019;11(3):1843-1853



miR-125a-3p decreases levels of interlukin-17 in lupus nephritic mice

findings suggested that miR-125a-3p as a
novel candidate which plays an important role
in the development and progression of LN.

We discovered that, the levels of miR-125a-3p
were downregulated in kidneys of MRL/MPJ-
Fas /) mice compared to BALB/C mice (Figure
1C). In a study reported earlier, 8 miRs were
found to be deregulated in SLE subjects [28],
among which miR-125a-3p was involved in cas-
cades related to SLE. Thus, we supposed that
the regulation of miR-125a-3p is essential for
the development and progression of SLE in
MRL/MPJ-Fas /) mice.

IL-17 is involved in autoimmunity [8], and relat-
ed disorders which include rheumatoid arthritis
[9], sclerosis [10, 11] and SLE [12]. Also IL-17
has been identified to play prime role in LN [13,
14]. The present study it was found that, IL-17
was over-expressed in MRL/MPJ-Fas 'P/J mice
(Figure 1D). Regulation of IL-17 is involved with
several factors; Fli-1 is a transcriptional factor
has been found to be regulating renal IL-17
expression in adult MRL/MPJ-Fas /) mice
[33]. To find whether IL-17 was the favorable
target of miR-125a-3p, luciferase activity was
measured and the results showed that miR-
125a-3p binds to the 3'UTR region of IL-17
(Figure 2A), whereas the results of immunob-
lotting studies showed that increased levels of
miR-125a-3p down-regulated the expression of
IL-17 significantly (Figure 2B) in SVAOMES13
rat mesangial cells. These outcomes suggest-
ed that miR-125a-3p is a potential regulator
involved the regulating the expression of IL-17
by binding to the 3’'UTR region directly.

MicroRNAs are regarded as the potential regu-
lators of fibrosis of organs [34]. Studies have
evidenced that TGF-B is potential mediator
involved in the development and progression of
fibrosis by inducing miRs like miR-192, miR-36,
miR-37 and miR-21 and suppressing miR-200
and miR-29 [34], all these are found to play an
potential role in renal fibrosis and also causes
the amplification of TGF-B leading to fibrosis,
whereas miR-200 and miR-29 have been found
to act as protectors in fibrosis of kidney by halt-
ing the laying down of extracellular matrix [35].
Hence, we postulated that miR-125a-3p could
suppress the levels of fibrosis factor via the
TGF-B cascade. In our research, we found that
up-regulation of miR-125a-3p caused a sup-
pression in the expression of TGF-B1 and colla-
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gen I/l i.e the fibrogenic factors, whereas its
inhibition by a miR-125a-3p inhibitor elevated
the content of collagen I/Il and TGF-B1 levels in
rat mesangial cells (Figure 3). The findings of
present work showed that miR-125a-3p modu-
lated the levels of fibrosis factors via blocking
the TGF-B1 in rat mesangial cells, the findings
were parallel to the findings reported earlier
[36]. In a study earlier, miR-144 was associated
in regulation of TGF-B1 levels in fibrotic hepatic
tissues [37]. Therefore, we confirm that miR-
125a-3p may be responsible for regulation of
fibrogenic factors via the TGF-B1 cascade in the
SVAOMES13 rat mesangial cells. Thus our find-
ings conclude that elevated IL-17 leads to fibro-
sis in SLE, up-regulation of miR-125a-3p could
suppress it. The established mechanism needs
further evaluation for improving overall out-
comes in treating the disease.

Conclusion

In conclusion, the present study is the first evi-
dence that miR-125a-3p could be an important
factor in the pathogenesis of LN which causes
decrease in expression of IL-17 by potentially
binding to the 3'UTR region causing suppres-
sion of fibrosis via down-regulating TGF-B1 in
the SVAOMES13 rat mesangial cells. Our find-
ings suggested a new insight for the complex
mechanisms involved in the pathogenesis of
SLE mediated LN.
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