Wang et al.
European Journal of Medical Research (2024) 29:631
https://doi.org/10.1186/540001-024-02248-x

European Journal
of Medical Research

: : : ®
MicroRNA-668 alleviates renal fibrosis i

through PPARa/PGC-1a pathway
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Abstract

Background The involvement of microRNA-668 (miR-668) in the onset and progression of renal fibrosis remains
unclear. To this end, we aimed to explore the relevant mechanism of miR-668 in renal fibrosis.

Methods C57BL/6 J male mice were randomly divided into sham-operated, unilateral ureteral obstruction (UUQ),
and UUO-fenofibrate groups. Based on transfection and drug intervention, HK-2 cells were divided into blank control,
TGF-31, TGF-B31 +fenofibrate (PPARa agonist), mimics-NC, miR-668, mimics-NC+TGF-31, miR-668 +TGF-31, miR-

668 + TGF-B1 +fenofibrate, miR-668 + TGF-31+GW6471 (PPARa inhibitor), mimics-NC +TGF-B1 +fenofibrate, and mim-
ics-NC+TGF-B14+GW6471 groups. The pathological changes in the renal tissues were observed by hematoxylin—eosin
(HE) and Masson staining. The expression of PPARq, PGC-1a, miR-668, E-cadherin, Collagen IIl (Col IIl), and a-SMA

in the renal tissues or HK-2 cells was detected by western blot, immunohistochemical analyses or real-time quantita-
tive polymerase chain reaction. The regulatory effect of miR-668 on PPARa was verified by dual-luciferase reporter
assay.

Results The expression of PPARa and PGC-1a decreased in UUO mice and TGF-31-induced HK-2 cells, which

was improved by fenofibrate. Compared to the non-transfected group, in TGF-B1-stimulated HK-2 cells, the expression
of E-cadherin, PPARa and PGC-1a increased and the expression of Col lll and a-SMA decreased in the miR-668-trans-
fected group. The dual-luciferase reporter assay indicated the regulatory effect of hsa-mir-668-3p on PPARa.

Conclusion MiR-668 can target PPARa and positively regulate the PPARa/PGC-1a pathway to alleviate renal fibrosis.
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Introduction

Chronic kidney disease (CKD) is a major global public
issue that affects approximately 15-20% of adults world-
wide [1]. Renal fibrosis is the pathological basis of CKD,
and inhibiting renal fibrosis is the key to preventing CKD
from developing into end-stage kidney disease (ESKD).
Presently, there remains a lack of effective treatments for
renal fibrosis [2]. Thus, the investigation into the complex
mechanism of renal fibrosis might provide a novel treat-
ment for CKD.

Peroxisome proliferator-activated receptors (PPARs)
are ligand-dependent nuclear transcription factors and
play important regulatory roles in cell differentiation
and various metabolic processes. PPARa« is distributed in
organs rich in fatty acid oxidation, such as the liver and
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kidney [3, 4]. Renal PPAR« is mainly expressed in proxi-
mal renal tubular epithelial cells, which improves the
fatty acid metabolism and mitochondrial function, and
exerts anti-oxidative stress, anti-inflammatory, and anti-
fibrosis effects [5, 6]. However, this mechanism needs to
be elucidated further.

Peroxisome proliferative-activated receptor y coactiva-
tor la (PGC-1a) is a multifunctional regulator and a key
component in coordinating mitochondrial biogenesis. It
is expressed in organs with abundant mitochondria and
vigorous energy metabolism, such as adipose tissue, skel-
etal muscle, heart, liver, and kidney [7, 8]. The expression
of PGC-1a is reduced in renal tissue of CKD patients
[9]. Furthermore, PGC-1a downregulates inflammatory
mediators and is considered a renal protective factor with
systemic or renal local protective function [10]. However,
the underlying mechanism needs to be explored further.

MicroRNAs (miRNAs) are small, regulatory non-
coding RNAs with significant regulatory effects, associ-
ated with organ fibrosis and kidney disease [11, 12]. The
whole gene data analysis on the peripheral blood from
rats with pulmonary interstitial fibrosis showed upregu-
lated microRNA-668 (miR-668), suggesting its role in the
regulation of fibrogenesis [12]. Our previous studies have
shown that miR-668 reduces the mitochondrial debris
and improves renal function in the ischemia-reperfusion
induced acute kidney injury (AKI) mouse model [13].
However, the role of miR-668 in renal fibrosis and the
mechanism have not yet been reported.

Thus, in this study, we aimed to explore the role of
miRNA-668 in PPARa/PGC-1a pathway and the relevant
mechanism of miR-668 in renal fibrosis. We confirmed
the hypothesis that miR-668 can target the PPAR«a and
positively regulate the PPARa/PGC-1a pathway to allevi-
ate renal fibrosis. Our findings will provide a theoretical
basis for targeting renal fibrosis gene therapy.

Materials and methods

Animal studies

Twenty-one specific pathogen—free (SPF) male C57BL/6 ]
mice (20-25 g) at 6-8 weeks of age (from the Depart-
ment of Zoology, Central South University, China) were
randomly divided into three groups (n=7 per group):
sham-operated, Unilateral ureteral obstruction (UUO),
and UUO-fenofibrate groups. After 1 week of adapta-
tion to a standard diet, UUO group and UUO fenofi-
brate group mice were modeled by UUO surgery [14].
In short, after anesthesia, an incision was made from the
back of the mouse to expose the left ureter, and then the
left ureter was double ligated with 4-0 silk. The sham-
operated group underwent the same surgical procedure,
without ureteral ligation. Post-surgery, mice in the UUO-
fenofibrate group received fenofibrate (AbMole, USA)
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(100 mg/(kg day)) treatment via gavage from the day of
surgery until the end of the experiment. Meanwhile, mice
in the sham-operated and UUO groups were given the
equivalent volume of physiological saline by gavage. The
mice were euthanized under anesthesia on postoperative
day 14, and then renal tissues from the obstructed side
were collected. The renal tissues underwent hematoxy-
lin—eosin (HE) staining, Masson staining, and immuno-
histochemical staining. RNA was extracted for real-time
quantitative polymerase chain reaction. All animal exper-
iments were approved by the Animal Experimental Ethics
Committee of the Department of Experimental Zoology
of Xiangya Medical College of Central South University.

Cell culture

Renal tubular epithelial HK-2 cell line (Procell, Wuhan,
China) was cultured in a specific medium contain-
ing 10% fetal bovine serum (FBS) (Gibco, CA) with 1%
penicillin—streptomycin (Gibco, CA) at 37 °C with 5%
CO2. When the cell confluency was about 80%, the cells
were digested with trypsin (Gibco, CA) for passage. The
stock solutions of synthesized miR-668 mimics (Hon-
orGene, Changsha, China) and mimics negative control
(NC) (HonorGene, Changsha, China) were prepared
at a concentration of 20 uM. The transfection was car-
ried out using Lipofectamine 2000 (Invitrogen, USA),
according to manufacturer’s instructions. Based on the
types of drug intervention, the tubes were divided into
blank control, TGF-B1, and TGF-B1 + fenofibrate groups.
According to the transfection and drug intervention, the
reactions were divided into mimics-NC, miR-668, mim-
ics-NC+ TGF-B1, miR-668+TGF-f1, miR-668+ TGE-
B1+fenofibrate, miR-668 + TGF-B1+GW6471,
mimics-NC+ TGF-fB1 + fenofibrate, and mimics-
NC+ TGF-f1+GW6471 groups.. When the confluency
was about 50%, the cells were starved in the serum-free
medium for 24 h, and then a complete medium was
added for culture. Fenofibrate (PPARa agonist) group was
treated with 100 pmol/L fenofibrate for 2 h in the com-
plete medium, and GW6471 (PPAR«a inhibitor) group
was treated with 5 pumol/L GW6471 (AbMole, USA) for
2 h in the complete medium. For TGF-f1 group, after
intervention with fenofibrate or GW6471 for 2 h, 10 ng/
mL TGF-B1 (AbMole, USA) was added to the complete
medium for intervention for 48 h. For miR-668 group,
corresponding drug intervention was given after 48 h of
transfection with miR-668.For mimics-NC group, cor-
responding drug intervention was given after 48 h of
transfection with mimics-NC. Moreover, HK-2 cells were
cultured with serum-free optiMEM prior to transfec-
tion. When the cell confluency was about 50% on day 2,
miR-668 was transfected. Then, the cells were cultured
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in the medium with serum but without penicillin—strep-
tomycin. After 5 h, the cells were cultured in complete
medium for an additional 24 h to obtain synchronous
culture.

Renal pathological examination

The tissues were fixed in 4% paraformaldehyde for 24 h,
embedded in paraffin after dehydration, and subjected to
HE staining, Masson staining, and immunohistochemi-
cal staining. Images were collected and analyzed under
a light microscope, which were scored using the renal
interstitial injury index scoring table [15].

Immunohistochemistry

Immunohistochemical analyses were conducted on renal
tissue sections embedded in paraffin. The sections were
subjected to deparaffinization and hydration by placing
the paraffin blocks in a 59 °C oven with agitation over-
night. Subsequently, the sections were treated with xylene
I and xylene II for 10 min each, followed by immersion
in sequential concentrations of ethanol (100%, 95%, 80%,
and 70%) for 5 min each. Afterward, the sections were
rinsed thrice with ddH,O for approximately 3 min each.
Antigen retrieval was achieved by boiling the sections
in a sodium citrate buffer solution for 10 min, followed
by blocking with 1% BSA and incubation with the pri-
mary antibody Collagen III (Col III) (1:1000) (Protein-
tech, USA) and E-cadherin (1:1000) (Proteintech, USA)
overnight at 4 °C. The sections were then equilibrated
to room temperature and incubated with the secondary
antibody (Proteintech, USA) for 1 h. DAB staining was
performed, followed by counterstaining with hematoxy-
lin (Beyotime, Shanghai, China) for 15 s, and finally, the
sections were mounted with neutral resin and air-dried
naturally. Microscopic images were acquired and sub-
jected to semi-quantitative analysis of immunohisto-
chemical results using Image] software.

Western blot

The total proteins from HK-2 cells were isolated using
a radioimmunoprecipitation assay (RIPA) (Cwbio, Bei-
jing, China) buffer, and quantified using the BCA kit
(Cwbio, Beijing, China). Proteins were separated by 10%
sodium dodecyl sulfate—polyacrylamide gel electropho-
resis (SDS-PAGE) (Beyotime, Shanghai, China) and then
transferred onto nitrocellulose (NC) membranes (Beyo-
time, Shanghai, China). After blocking nonspecific bind-
ing with 5% skim milk, the membranes were incubated
with primary antibodies Collagen III (Col III) (1:1000)
(Proteintech, USA), E-cadherin (1:1000) (Proteintech,
USA), o-SMA (1:1000) (Proteintech, USA), PPAR«
(1:1000) (Proteintech, USA), PGC-la (1:1000) (Pro-
teintech, USA), B-actin (1:1000) (Proteintech, USA) for
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12 h at 4 °C. Then, the membranes were incubated with
secondary antibody (Proteintech, USA) for 1 h at 37 °C.
Enhanced chemiluminescence (ECL) western blotting kit
(Advansta, USA) was used to detect the target bands. The
intensity of the immunoreactive bands was analyzed by
Image] software.

Real-time quantitative polymerase chain reaction

Renal tissue or HK-2 cells cultured in vitro were collected.
Total RNA in cells was extracted by TRIzol method. The
reaction system for cDNA synthesis was established by
reverse transcription with total mRNA as a template.
The UltraSYBR Mixture kit (ComWin Biotech, Beijing,
China) was used for the reaction. The sequence of the tar-
get gene was obtained from GenBank on the NCBI web-
site, and the primer sequence of the target gene is shown
in the Table below (Table S1). Primers were designed
using Primer5 software and synthesized by Sangon Bio-
tech (Shanghai, China). Eppendorf RT-PCR instrument
was used for RT-PCR and qPCR experiment to detect
the expression of mRNA. For the detection of miR-668,
U6 was used as the internal control. For detection of
PPARa and PGC-1a mRNA, actin was used as the inter-
nal control. The relative expression level was calculated
by 27AAC and the Ct value was the number of cycles
for the target gene to reach the set threshold. /\/\Ct
was calculated as follows: AAC’(=(CtTarget — Cteontrol)
TimeX-(Ctryger = Cleonero) Time0. The average value from
three independent experiments was calculated.

Dual-luciferase reporter assay

TargetScan and miRDB software were used to predict the
putative binding sites of PPARa 3’-untranslated regions
(UTRs) with miR-668. Subsequently, plasmids contain-
ing wild-type (WT) and mutant (MUT) sequences of
PPARA (pHG MirTarget PPARA WT-3U and pHG Mir-
Target PPARA MUT-3U, respectively) were constructed
at a concentration of 1 pg/ul with an OD260/0D280 ratio
ranging from 1.8 to 2.0. Co-transfection experiments
were conducted in 293A cells (HonorGene, Changsha,
China) following the manufacturer’s protocol (Invitro-
gen, USA). Specifically, cells were co-transfected with
either pHG MirTarget PPARA WT-3U or pHG MirTar-
get PPARA MUT-3U plasmids along with miRNA NC
(genepharma, Shanghai, China) or hsa-miR-668-3p-
mimics (genepharma, Shanghai, China). Luciferase activ-
ity was measured 48 h post-transfection using the dual
luciferase reporting system (Promega, USA).

Statistical analysis

The data were analyzed using SPSS 22.0 software (SPSS,
IL, USA). The measurement data were represented
as meanzstandard deviation (SD). The comparison
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between multiple groups was analyzed by one-way
ANOVA. The Bonferroni post hoc test was adopted for
comparison between groups. Differences with P-val-
ues < 0.05 were considered statistically significant.

Results
Fenofibrate improves renal fibrosis and upregulates the

expression of PPARa, PGC-la, and miR-668 in mice
undergoing UUO surgery.
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UUO was used to establish renal fibrosis model in
mice. The kidney injury index was assessed through
the evaluation of kidney pathology 14 days after the
UUO surgery. HE and Masson staining showed glo-
merular atrophy, renal tubular wall thinning, infiltra-
tion of macrophages and other inflammatory cells,
as well as an increase in collagen fibers in the UUO
group. After fenofibrate treatment, the renal struc-
tural changes, inflammatory cell infiltration and col-
lagen fiber formation were relatively reduced in UUO
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Fig. 1 Fenofibrate improves renal fibrosis and upregulates the expression of PPARa, PGC-1a, and miR-668 in mice undergoing UUO surgery. A
Pathological changes of kidney (x 200 times) (HE staining: 1-renal tubules atrophy; #-Inflammatory cell infiltration; *-Glomerular atrophy. Masson
staining: T-collagen fiber formation). Scale bar= 50 um. n > 3; B Comparison of kidney injury index for each group; C-E Immunohistochemistry

(x 200 times) for detecting the expression of E-cadherin and Col lll. Scale bar=50 um. n > 3; F-H: Real-time quantitative polymerase chain reaction
for detecting the expression of PPARa, PGC-1a and miR-668. n > 3; Note: **P <0.01, *P < 0.05
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mice (Fig. 1A). The degree of renal injury increased in
the UUO group compared to the sham-operated group.
Fibrosis was reduced in the UUO-fenofibrate group
compared with the UUO group (Fig. 1B). Immunohis-
tochemical results showed that the expression level
of E-cadherin decreased and that of Col III increased
in the UUO group compared with the sham-operated
group. The expression of E-cadherin increased and that
of Col III protein decreased in the UUO-fenofibrate
group compared with the UUO group (Fig. 1C-E). The
above results suggest that UUO surgery exacerbates
renal fibrosis in mice, and fenofibrate improves this
damage. In addition, RT-PCR results showed that the
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mRNA expression levels of PPARa, PGC-1a, and miR-
668 increased in the UUO-fenofibrate group compared
to other groups (Fig. 1IF-H).

The effect of stimulation with TGF-B1 on the expression

of fibrotic indicators, PPARa, PGC-1a and miR-668 in HK-2
cells, and the regulation of this effect by fenofibrate

We next investigated the effect of fenofibrate on TGE-
B1-stimulated HK-2 cells. Western blot analysis showed
that the protein levels of PPARa, PGC-1a, and E-cad-
herin decreased in the HK-2 cells after stimulation with
TGEF-B1, while the protein levels of Col III and a-SMA
increased. After intervention with fenofibrate, the protein
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Fig. 2 The effect of stimulation with TGF-31 on the expression of fibrotic indicators, PPARa, PGC-1a, and miR-668 in HK-2 cells, and the regulation
of this effect by fenofibrate. A-F Western blot for detecting the expression of PPARa, PGC-1q, E-cadherin, Col Il and a-SMA. n=3; G-l Real-time
quantitative polymerase chain reaction for detecting the expression of PPARa, PGC-1a and miR-668. n=3; Note: **P <0.01
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expression of PPARa, PGC-1q, and E-cadherin increased,
while the protein levels of Col III and a-SMA decreased
(Fig. 2A-F). RT-PCR results showed that the mRNA
expression of PPARa and PGC-1a decreased in the HK-2
cells after stimulation with TGF-p1, while the expression
of miR-668 did not show any significant change. After
intervention with fenofibrate, the mRNA expression of
PPARa, PGC-1la, and miR-668 increased (Fig. 2G-I).
These findings suggest that fenofibrate prompts the
expression of PPARa, PGC-1a, miR-668, and E-cadherin
but inhibits the expression of fibrosis-related markers
Col IIT and a-SMA.

MiR-668 upregulates the protein expression of PPARa

and PGC-1a and improves the expression of fibrotic
indicators in HK-2 cells after TGF-f1 stimulation

To further explore the correlation between PPARa,
PGC-1a and miR-668, we performed cell transfection.
Compared with the mimics-NC group or the miR-668
group, the expression of PPARa, PGC-1a and E-cadherin
protein decreased after TGF-f1 stimulation, while the
expression of Col IIT and a-SMA protein increased. Com-
pared to the mimics-NC+TGEF-B1 group, the protein
expression of PPAR«, PGC-1a, and E-cadherin increased
in the miR-668 + TGEF-B1 group, while the protein levels
of Col III and a-SMA decreased. Compared to the miR-
668 + TGE-B1 group, after intervention with fenofibrate,
the protein expression of PPARa, PGC-1a, and E-cad-
herin increased, while the protein levels of Col III and
a-SMA decreased. However, after GW6471 intervention,
the expression of PPARa and PGC-1a proteins decreased
(Fig. 3A-F). Compared to the fenofibrate group or the
GW6471 group, in TGF-P1-stimulated HK-2 cells, the
protein expression of PPARa and PGC-1a increased after
miR-668 transfection (Fig. 3G-I).

MiR-668 upregulates the mRNA expression of PPARq,
PGC-1a and miR-668 in HK-2 cells after TGF-f31 stimulation
Compared to the mimics-NC group or the mimics-
NC+ TGF-B1 group, the mRNA expression of PPARa,
PGC-1la and miR-668 increased after miR-668 overex-
pression in the miR-668 group. Compared to the miR-
668+ TGE-B1 group, after intervention with fenofibrate,
the mRNA expression of PPAR«a and PGC-1a increased.
After GW6471 intervention, the mRNA expression of
PPARa and PGC-1a decreased. However, the expression
of miR-668 did not change after intervention with the two
reagents (Fig. 4A—C). Compared to the fenofibrate group
or the GW6471 group, in TGF-B1-stimulated HK-2 cells,
the mRNA expression of PPARa, PGC-1la and miR-668
increased after miR-668 transfection (Fig. 4D-E).
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MiR-668 positively regulates the PPARa/PGC-1a pathway
The aforementioned experiments have confirmed that
miR-668 can upregulate the expression levels of miR-
668, PPARq, and PGC-la and improve fibrosis indi-
cators. To further validate that miR-668 positively
regulates the PPARa/PGC-1a pathway, TargetScan and
miRDB software were used to predict the putative bind-
ing sites of PPARa 3’-untranslated regions (UTRs) with
miR-668 (Fig. 5A). Then, dual-luciferase reporter assays
were performed. Compared to the mimics-NC+ PPAR«a
WT group, the luciferase ratio of hsa-miR-668-3p mim-
ics+PPARa WT group was decreased. Compared to the
mimics-NC+PPARa MUT group, no significant change
was detected in the luciferase ratio in hsa-miR-668-3p
mimics+PPARa MUT group (Fig. 5B). This indicates the
regulatory effect of hsa-mir-668-3p on PPARa. Thus, we
conclude that miR-668 can target the PPARa and posi-
tively regulate the PPARa/PGC-1a pathway to alleviate
renal fibrosis.

Discussion

Renal fibrosis is the main pathological basis for the pro-
gression of CKD to ESKD. Currently, no effective treat-
ment is available against renal fibrosis [2]. Therefore,
exploring the mechanisms of renal fibrosis is particu-
larly important for the prevention and treatment of
CKD. Renal tubular epithelial cells generate energy via
mitochondrial oxidative phosphorylation, and the meta-
bolic and functional needs are supported by PPARa and
PGC-1a [9]. PPAR« is a ligand-dependent nuclear tran-
scription factor that protects the kidneys and reduces
renal fibrosis by enhancing renal adipose decomposi-
tion, regulating fatty acid metabolism, and reducing
lipid accumulation [16, 17]. PGC-1la is the most char-
acteristic coactivator of renal PPARq, and its expres-
sion was reduced in patients with CKD [9]. Fenofibrate
is a PPAR« agonist that upregulates the expression of
PPARa in a dose-dependent manner and is a commonly
used lipid-lowering drug in the clinic [18]. GW6471 is a
highly selective inhibitor of PPARa [19]. E-cadherin is a
calcium-dependent transmembrane protein that partici-
pates in cell-cell adhesion. The loss of E-cadherin is one
of the causes of renal fibrosis [20, 21]. Col III and a-SMA
overexpression causes fibrosis, which is an indicator
of the degree and can monitor the progression of renal
fibrosis [22]. Collagen I, III, and IV play critical roles in
CKD. In the UUO mouse model, all three collagens are
upregulated [23]. However, studies suggest that Colla-
gen III may be a more reliable marker for more detailed
assessment of the extent of fibrosis [24]. Additionally, a
key pathological feature of diabetic nephropathy, mesan-
gial matrix expansion, is characterized by an increase
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Fig. 3 MiR-668 upregulates the protein expression of PPARa and PGC-1a and improves the expression of fibrotic indicators in HK-2 cells
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after TGF-B1 stimulation. A-F Western blot for detecting the expression of PPARa, PGC-1q, E-cadherin, Col lll and a-SMA. n=3; G-l Western blot

for detecting the expression of PPARa and PGC-1a. n=3; Note: **P <0.01, *P <0.05
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Fig. 4 MiR-668 upregulates the mRNA expression of miR-668, PPARq, and PGC-1a in HK-2 cells after TGF-B1 stimulation. A-C Real-time quantitative
polymerase chain reaction for detecting the expression of PPARa, PGC-1a and miR-668. n=3; D-E Real-time quantitative polymerase chain reaction
for detecting the expression of PPARg, PGC-1a and miR-668. n=3; Note: **P <0.01, *P <0.05

in extracellular matrix components, including Collagen
types L, III and IV, among others [25-27].

In this study, renal tubular epithelial HK-2 cells were
cultured and stimulated by TGF-f1. The results showed
that the expression of E-cadherin protein decreased,
while the protein levels of Col III and a-SMA increased,
similar to the UUO group. Thus, it was confirmed that
TGF-B1 promotes the transdifferentiation of renal tubu-
lar epithelial cells, consistent with the findings of Sun
et al. [28, 29], confirming the establishment of the TGF-
B1-induced HK-2 cell transdifferentiation model.

Animal studies showed that, compared to the UUO
mice, collagen fiber formation was reduced, while the
expression levels of PPARa and PGC-1a in renal tissues
increased in the UUO-fenofibrate mice. Cell experiments
showed that fenofibrate upregulated the expression of
PPARa, PGC-1a, and E-cadherin in HK-2 cells under
TGEF-B1 stimulation, while inhibiting the expression
of fibrosis-related markers Col III and a-SMA. These
suggest that fenofibrate played a role in renal fibrosis

through the PPARa/PGC-la pathway. Studies have
shown that fenofibrate alleviates tubulointerstitial fibro-
sis and inflammation by inhibiting nuclear factor-xB and
transforming growth factor-p1/Smad3 signaling in dia-
betic nephropathy [30]. In a mouse model of glomerular
injury caused by a high-fat diet, fenofibrate reduces lipid
accumulation and oxidative stress in the glomeruli, while
suppressing the development of albuminuria and glomer-
ular fibrosis [31]. These findings suggest that fenofibrate
exerts protective effects against renal fibrosis.

A substantial body of evidence indicates that miRNAs
are involved in the pathophysiology of CKD [32]. Certain
miRNAs have been shown to exhibit antifibrotic effects,
including miR-29, miR-30, and Let-7, among others [2,
33, 34]. However, the involvement of miR-668 in the
onset and progression of renal fibrosis remains unclear.
Previous studies have shown that miR-668 is activated
by HIF-1 during ischemic AKI, and the induced miR-
668 inhibits mitochondrial fission protein MTP18 to
prevent mitochondrial rupture and protect renal tubular
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cells from apoptosis, indicating that miR-668 exerts a
protective effect in ischemic AKI [13]. This study found
that, compared to the mimics-NC+TGF-f1 group,
miR-668 could increase the expression of PPARa and
PGC-1a, inhibit the expression of fibrosis index Col III
and a-SMA, and promote the expression of E-cadherin,
a marker for stable cell. We also found that fenofibrate
increases the expression of PPARa and PGC-1a in HK-2
cells after the stimulation of TGF-B1 and transfection
of miR-668, while GW6471 reduces the expression of
PPARa and PGC-1a. Compared to the fenofibrate group
or GW6471 group, in TGF-P1-stimulated HK-2 cells, the
expression of both PPARa and PGC-1la increased after
miR-668 transfection. The aforementioned experiments
have confirmed that miR-668 can upregulate the expres-
sion levels of miR-668, PPAR«, and PGC-1a and improve
fibrosis-related markers. In addition, dual-luciferase
reporter assay confirmed that hsa-miR-668-3p had a tar-
geted regulatory effect on PPARa. These results suggest
that miR-668 exerts an anti-fibrosis role by regulating
PPARa/PGC-1a pathway.

The limitation of this study lies in the lack of in-depth
investigation into the downstream antifibrotic mecha-
nisms mediated by the PPARa/PGC-1la axis. Studies

have demonstrated that the inhibition of the PPARa/
PGC-1la axis decreases fatty acid oxidation and pro-
motes lipid droplet formation in tubular cells, which
in turn contributes to kidney fibrosis [35]. In the con-
text of peritoneal fibrosis, selective activation of PPAR«
mitigates fibrosis by suppressing the NLRP3 inflamma-
some and modulating inflammation [36]. PGC-1l«a is a
master regulator of mitochondrial biogenesis, and its
deficiency is associated with mitochondrial dysfunc-
tion, potentially driving the progression of CKD [37,
38]. Moreover, an imbalance in mitochondrial dynamics
induced by reduced PGC-1a expression has been impli-
cated in liver fibrosis [39]. Therefore, the downstream
antifibrotic mechanisms mediated by the PPARa/
PGC-1a axis likely involve multiple factors, including
lipid metabolism, inflammation, and mitochondrial
dysfunction, which warrant further investigation.

Conclusion

The expression of PPARa and PGC-1la was decreased
in UUO mice and TGF-B1-induced HK-2 cells. Fenof-
ibrate upregulates the expression of PPARa and
PGC-1a, inhibiting renal fibrosis in UUO mice and
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TGEF-B1 induced transdifferentiation of renal tubular
epithelial cells. MiR-668 can target the PPARa and pos-
itively regulate the PPARa/PGC-1a pathway to alleviate
renal fibrosis, which provides a new idea for searching
for new gene targets for anti-renal fibrosis therapy.
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