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Abstract

Renal fibrosis is a major pathological event in the development of diabetic nephropathy (DN). Baicalin is a flavonoid glycoside
that possesses multiple pharmacological properties including anti-fibrotic activity. In the present study, the effects of baicalin on
renal fibrosis along with related molecular basis were investigated in streptozotocin (STZ)-induced DN mouse model and high
glucose (HG)-treated HK-2 human proximal tubule epithelial cell model. Renal injury was evaluated through blood urea nitrogen
(BUN) and serum creatinine (Scr) levels and urine albumin creatine ratio (ACR). Renal fibrosis was assessed by type IV collagen
(COLIV) and fibronectin (FN) protein expression and histopathologic analysis via Masson trichrome staining. Protein levels of
COLIV, FN, NF-kB inhibitor alpha (IkBx), phosphorylated IkBe (p-IkBx), p65, phosphorylated p65 (p-p65), and toll-like
receptor 4 (TLR4) were measured by western blot assay. MicroRNA-124 (miR-124) and TLR4 mRNA levels were detected by
RT-gPCR assay. The interaction of miR-124 and TLR4 was examined by bioinformatics analysis, luciferase reporter assay, and
RIP assay. Baicalin or miR-124 attenuated renal injury and fibrosis in STZ-induced DN mice. Baicalin inhibited the increase of
COLIV and FN expression induced by HG through upregulating miR-124 in HK-2 cells. TLR4 was a target of miR-124. MiR-
124 inhibited TLR4/NF-«kB pathway activation and the inactivation of the NF-kB pathway hindered COLIV and FN expression
in HG-stimulated HK-2 cells. Baicalin prevented renal fibrosis by increasing miR-124 and inactivating downstream TLR4/
NF-kB pathway in DN, hinting the pivotal values of baicalin and miR-124 in the management of DN and renal fibrosis.
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Introduction

Key points

* Baicalin or miR-124 overexpression attenuated renal fibrosis in STZ-
induced DN mice.

* Baicalin inhibited the expression of fibrosis markers by upregulating
miR-124 in HG-exposed HK-2 cells.

* MiR-124 inhibited the activation of the NF-kB pathway by targeting
TLRA4.

* Baicalin prevented renal fibrosis by regulating the miR-124/TLR4/NF-
kB pathway in DN.
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Diabetic nephropathy (DN) is a common complication of di-
abetes and this renal injury usually occurs in about 30—40% of
diabetic patients [31]. Renal fibrosis is a major pathological
event in the development of multiple chronic renal diseases
including DN [9, 22]. Renal fibrosis is usually characterized
by the excessive accumulation of extracellular matrix (ECM)
proteins (e.g., fibronectin (FN) and collagen) in the glomeru-
lus and renal tubulointerstitium [9]. Inflammatory molecules
and pathways have been identified as crucial players in the
pathogenesis of DN and renal fibrosis [3, 25].

Recently, traditional Chinese medicines (TCMs) have
attracted much attention from researchers due to their thera-
peutic effects on diabetes and its complications such as DN
[30]. Baicalin, a flavone glycoside extracted from the root of
Scutellaria baicalensis, possesses multiple potential pharma-
cological properties such as anti-inflammatory, anti-oxidant,
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and anti-fibrotic activities. Moreover, previous studies sug-
gested that baicalin exerted potential protective effects on
multiple renal diseases including renal fibrosis [27, 39]. In
the present study, the effect of baicalin on renal fibrosis and
related molecular regulatory mechanisms were further ex-
plored in DN.

MicroRNAs (miRNAs) are a group of small (~ 21 nucleo-
tides) non-coding RNAs that can regulate gene expression at
posttranscriptional levels [2]. Moreover, accumulating
miRNAs have been found to be crucial players in the devel-
opment and progression of renal diseases including DN and
renal fibrosis [6, 7, 13]. In addition, recent studies showed that
active components of some TCMs might exert protective roles
through miRNAs and miRNA-related signaling pathways in
renal diseases including renal fibrosis [30]. For instance, total
flavonoids from leaves of Carya Cathayensis alleviated renal
fibrosis by downregulating miR-21 and upregulating miR-21
target Smad7 expression in unilateral ureteral obstruction
(UUO) mouse model and transforming growth factor-31
(TGF-B1)-induced mouse tubular epithelial cell model [34].
Triptolide ameliorated renal function and weakened renal
epithelial-mesenchymal transition (EMT) induced by
streptozotocin (STZ) in diabetic rats and inhibited high glu-
cose (HG)-induced EMT in human proximal tubular epithelial
cells via regulating miR-188-5p/PI3K/AKT pathway [36].

MiR-124 has been found to be closely linked with the
pathogenesis of some renal diseases including DN and renal
fibrosis [18, 19, 37]. Bioinformatics analysis by TargetScan
database shows that TLR4 is a potential target of miR-124. In
addition, a previous report pointed out that TLR4 was a target
of miR-124 and miR-124 inhibited pro-inflammatory cyto-
kine expression and promoted anti-inflammatory factor ex-
pression by regulating TLR4 signaling pathway in cocaine-
exposed microglial cells [29].

Considering the close link of baicalin, miR-124, TLR4, in-
flammation, and renal fibrosis, we further investigated the as-
sociation of baicalin and miR-124/TLR4/NF-kB axis in STZ-
induced DN mouse model and HG-induced human proximal
tubular epithelial cell model. In the present study, we demon-
strated that baicalin or miR-124 overexpression could weaken
renal damage and alleviate renal fibrosis in STZ-induced DN
mouse model. Baicalin inhibited the expression of fibrotic
markers by regulating the miR-124/TLR4/NF-kB pathway in
the HG-induced human proximal tubular epithelial cell model.

Materials and methods

Experimental animals, biochemical parameter
determination, and histological analysis

All animal experiments were carried out with the approval of
the Animal Ethics Committee of The First Affiliated Hospital
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of Henan University of Chinese Medicine and the standard for
the Care and Use of Laboratory Animals by the National
Institutes of Health Guide. C57BL/6 male healthy mice (n =
42, 8 weeks old, 20-25 g, Laboratory Animal Center of Henan
Province) with good life status were randomly divided into 7
groups after 1 week of feeding (Normal, DN, DN + LC, DN +
MC, DN + HC, DN + miR-NC, DN + miR-124) with 6 mice
in each group. Next, mice were fasted for 6 h and intraperito-
neally injected with STZ (125 mg/day/kg body weight,
Sigma-Aldrich, St. Louis, MO, USA) in 0.02 M citrate buffer
(pH 4.5) for 2 consecutive days to induce DN model. Also, an
equal volume of citrate buffer was intraperitoneally injected
into normal group mice. Blood glucose concentration was
monitored daily after the last STZ injection using a
Medisense glucometer (Abbott Laboratories, Bedford, MA,
USA) through tail vein sampling at specified sites and time.
Urine (24 h) was collected in metabolic cages, followed by the
treatment of centrifugation to remove debris. Urinary albumin
content or urinary creatinine content was determined by albu-
min ELISA kit (Bethyl Laboratories, Montgomery, TX, USA)
or Creatinine Colorimetric Assay Kit (Cayman Chemical,
Ann Arbor, M1, USA), respectively. Urine albumin creatine
ratio (ACR) = urinary albumin (ug)/urinary creatine (mg). DN
mice were successfully established when their morning blood
glucose level and urine ACR is higher than 16 mM and
300 pg/mg, respectively (3 consecutive times). However, di-
abetic mice need to be treated with insulin (0.4 U) every sec-
ond day when blood glucose level > 30 mM to prevent weight
loss and maintain blood glucose level at the range of 16—
30 mM.

At 12 weeks after STZ stimulation, DN mice daily received
different doses of baicalin (LC, low concentration 15 mg/day/
kg; MC, middle concentration 30 mg/day/kg; HC, high con-
centration 45 mg/day/kg) by food orally for a total of 8 weeks.
Also, at 12 weeks after STZ stimulation, miR-124 mimic or its
negative control miR-NC (Thermo Scientific, Waltham, MA,
USA) was intravenously injected into the tail vein of DN mice
at a dose of 2 mg/kg body weight at 3-day intervals for a total
of 8 weeks.

Finally, blood/urine samples and renal tissues were collect-
ed to measure corresponding biochemical parameters and re-
nal pathological changes at 20 weeks after the onset of diabe-
tes. And, serum was isolated from whole blood samples
through centrifugation (3000 rpm for 10 min).

Serum creatinine (Scr) or blood urea nitrogen (BUN) level
was respectively detected using Creatinine Colorimetric
Assay Kit (Cayman Chemical) or BUN detection kit
(StressMarq Biosciences, Victoria, British Columbia) follow-
ing the instructions of the manufacturer.

Histological analysis was conducted using Masson’s
Trichrome Stain Kit (Beijing Solarbio Science &
Technology Co., Ltd., Beijing, China) to assess the degree
of renal fibrosis, which was further quantified using the
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Image Pro Plus v5.1 software (Media Cybernetics, Sliver
Spring, MD, USA) by measuring the percentage of blue
stained area in 10 random fields under high magnification
(x200). Renal fibrosis was observed in both cortex and
medulla.

Cell culture

Human proximal tubule epithelial cells (HK-2) were ordered
from American Type Culture Collection (ATCC, Manassas,
VA, USA). HK-2 cells were cultured in Keratinocyte serum-
free medium (K-SFM, Thermo Scientific) supplemented with
human recombinant epidermal growth factor (5 ng/ml, EGF,
Sigma-Aldrich) and bovine pituitary extract (0.05 mg/ml,
BPE, Sigma-Aldrich).

Reagents and transfection

Pyrrolidinedithio-carbamate ammonium (PDTC), an inhibitor
of NF-kB signaling, was ordered from Sigma-Aldrich, Inc.
MiR-124 inhibitor (anti-miR-124) and its negative control
anti-miR-124 were ordered from Thermo Scientific Co., Ltd.
Small interference RNA-specific targeting TLR4 (si-TLR4)
and its negative control si-NC were obtained from
GenePharma Co. Ltd. (Shanghai, China). The full-length se-
quences of TLR4 coding region were constructed into
pcDNA3.1 vector by Sangon Biotech Co., Ltd. (Shanghai,
China). Cell transfection was conducted using
Lipofectamine 3000 reagent (Thermo Scientific).

RNA isolation and reverse transcription-quantitative
PCR assay

Total RNA was isolated from mouse renal tissues and HK-2
cells through Trizol reagent (Thermo Scientific) referring to
the protocols of the manufacturer. The MiR-124 level was
determined using TagMan MicroRNA Reverse
Transcription Kit and TagMan MicroRNA Assay Kit
(Thermo Scientific) with U6 small nuclear RNA (U6
snRNA) as the internal control. For TLR4 expression anal-
ysis, RNA was reversely transcribed into cDNA using M-
MLV Reverse Transcriptase (Thermo Scientific) and then
a quantitative PCR reaction was conducted using SYBR™
Green PCR Master Mix (Thermo Scientific) with (3-actin
as the endogenous inference. The primer sequences for
TLR4 and f-actin were as follows: 5'-ATCT
CAGCAAAATCCCTCAT-3' (sense) and 5'-AATC
CAGCCACTGAAGTTGT-3' (antisense) for TLR4 and
5'-GTGGGCCGCCCTAGGCACCA-3' (sense) and 5'-
CGGTTGGCCTTAGGGTTCAGAGGG-3' (antisense) for
[3-actin.

Luciferase reporter assay

Partial sequences of TLR4 3'UTR containing putative miR-
124 binding sites were subcloned into psiCHECK™-2 lucif-
erase vector by Hanbio Biotechnology Co., Ltd. (Shanghai,
China) to generate TLR4-WT reporter. Also, TLR4-MUT re-
porter with mutant miR-124 binding sites was constructed by
Hanbio Biotechnology Co., Ltd. Then, TLR4-WT or TLR4-
MUT reporter was transfected into HK-2 cells along with
miR-124 mimic or miR-NC, followed by the determination
of luciferase activities through dual-luciferase reporter assay
kit (Promega, Madison, W1, USA).

Western blot assay

Proteins were extracted from renal homogenates and HK-2
cells using RIPA lysis buffer (Beyotime, Shanghai, China)
supplemented with Protease and Phosphatase Inhibitor
Cocktail (Thermo Scientific) and quantified through
Pierce™ BCA Protein Assay Kit (Thermo Scientific). Then,
an equal amount of proteins (35 pg/sample) were separated by
SDS-PAGE and transferred to nitrocellulose membranes
(Millipore, Billerica, MA, USA). Next, the membranes were
blocked in 5% skim milk prior to the incubation with primary
antibodies against type IV collagen (COLIV), FN, TLR4,
NF-kB inhibitor alpha (IkBx), phosphorylated IkBx (p-
IkBx), p65, phosphorylated p65 (p-p65), and [3-actin.
Subsequently, the membranes were incubated with secondary
antibody conjugated with horseradish peroxidase (HRP).
Finally, the immunoreactive bands were visualized using
Clarity Western ECL Substrate (Bio-Rad Laboratories,
Hercules, CA, USA). Protein relative expression levels were
estimated by Quantity One Software (Bio-Rad Laboratories)
via densitometry analysis. (3-actin served as the house-
keeping gene to normalize the expression of other proteins.
Primary antibodies aganist COL IV, FN, TLR4, and [3-actin
and secondary antibodies were purchased from Abcam Co.
Ltd. (Cambridge, UK). Primary antibodies aganist p-IkBa,
p-p65, IkBx, and p65 were purchased from Cell Signaling
Technology Co. Ltd. (Danvers, MA, USA).

RNA immunoprecipitation assay

HK-2 cells were transfected with miR-124 mimic or miR-NC.
Forty-eight hours later, RNA immunoprecipitation (RIP) as-
say was conducted using EZ-Magna RIP kit (Millipore,
Billerica, MA, USA) and IgG (Sigma-Aldrich) or argonaute-
2 (Ago 2, Sigma-Aldrich) antibody referring to the instruc-
tions of the manufacturer. Then, RNA was isolated and puri-
fied from the immunoprecipitation complex or input samples.
Finally, TLR4 level was detected by reverse transcription-
quantitative PCR (RT-qPCR) assay.

@ Springer



410

Zhang et al.

Statistical analysis

Outcomes were presented as mean + standard deviation.
In vitro data were obtained from more than 3 times indepen-
dent experiments. Data difference was analyzed through
Student’s 7 test (two group data) or one-way analysis of vari-
ance (ANOVA, more than two group data) with P<0.05 as
statistically significant.

Results

Baicalin inhibited renal fibrosis in STZ-induced DN
mouse model

Our data revealed that BUN and Scr levels were markedly
increased in STZ-induced DN mice than that in control mice
(Fig. 1a, b). Proteinuria is commonly studied as a proxy of
diabetic injury and cause of interstitial fibrosis. Hence, ACR
value was measured to assess proteinuria patterns of normal
and DN mice. Results showed that ACR value was markedly
increased in DN mice (ACR > 300 pg/mg) compared with that
in normal mice (Fig. 1¢). These data suggested that the kidneys
of DN mice were seriously damaged by STZ. In addition,
western blot assay revealed that the protein levels of COLIV
and FN (two renal fibrotic markers) were strikingly upregulat-
ed in the renal tissues of DN mice compared with those in
C57BL/6 control mice (Fig. 1d), indicating the renal fibrosis
in DN mice. Masson staining analysis further disclosed that
DN mice had a serious renal fibrosis performance in contrast
to C57BL/6 control mice (Fig. 1e). Moreover, the introduction
of baicalin led to a dose-dependent reduction of BUN level,
Scr level, and ACR value in DN mice (Fig. 1a-c), suggesting
that baicalin eased renal injury in STZ-induced DN mice.
Additionally, baicalin inhibited COLIV and FN protein ex-
pression in a concentration-dependent fashion (Fig. 1d).
Furthermore, the Masson staining analysis showed that the
degree of renal fibrosis was gradually reduced in DN mice
treated with increasing baicalin (Fig. le). In a word, these
outcomes showed that baicalin ameliorated renal fibrosis in
STZ-induced DN mouse model.

MiR-124 overexpression inhibited renal fibrosis in
STZ-induced DN mouse model

RT-qPCR assay showed that miR-124 level was strikingly
downregulated in renal tissues of DN mice relative to normal
mice (Fig. 2a). The introduction of baicalin induced a dose-
dependent upregulation of miR-124 level in renal tissues of
DN mice (Fig. 2a), suggesting that baicalin-mediated protec-
tive effect against DN was linked with miR-124 expression.
Also, RT-qPCR assay confirmed that miR-124 level was dra-
matically upregulated in renal tissues of DN mice injected
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with miR-124 mimic compared with the DN + miR-NC group
(Fig. 2b). Functional analysis revealed that miR-124 overex-
pression led to the obvious reduction of Scr level, BUN level,
and ACR value in DN mice (Fig. 2¢-¢), manifesting that miR-
124 could relieve STZ-induced renal injury in DN mice. In
addition, enforced expression of miR-124 hampered renal fi-
brosis in STZ-induced DN mice, as evidenced by the remark-
able reduction of COLIV and FN protein levels (Fig. 2f) and
fibrosis extent (Fig. 2g) in renal tissues of miR-124-stimulated
DN mice compared with miR-NC-treated DN mice.

Baicalin suppressed the increase of fibrotic marker
expression induced by HG by upregulating miR-124 in
HK-2 cells

Next, our data further unveiled that miR-124 level was signif-
icantly downregulated in HG-cultured HK-2 cells than that in
NG-cultured cells (Fig. 3a). Also, a noticeable upregulation of
COLIV and FN protein levels was detected in HG-treated HK-
2 cells versus NG-cultured cells (Fig. 3b). Moreover, the addi-
tion of baicalin triggered the noticeable increase of miR-124
expression and striking reduction of COLIV and FN expression
in HK-2 cells under the HG condition, while these effects of
baicalin were partly abrogated by miR-124 inhibitor. That is to
say, baicalin curbed the expression of fibrotic markers by up-
regulating miR-124 in HG-stimulated HK-2 cells.

TLR4 was a target of miR-124

Next, prediction analysis by the TargetScan website reveals
that miR-124 has a possibility to interact with TLR4. To fur-
ther validate this prediction, TLR4-WT or TLR4-MUT report-
er was transfected into HK-2 cells along with miR-124 mimic
or miR-NC. Subsequent luciferase reporter assay showed that
ectopic expression of miR-124 could remarkably reduce the
luciferase activity of TLR4-WT reporter, but had no much
impact on luciferase activity of TLR4-MUT reporter
(Fig. 4b), hinting the interaction between miR-124 and
TLR4 3'UTR via putative binding sites. Moreover, RIP assay
revealed that miR-124 upregulation led to the copious enrich-
ment of TLR4 in Ago2 immunoprecipitation complex in HK-
2 cells (Fig. 4¢), further elucidating the interaction of miR-124
and TLR4. In a word, these data disclosed that TLR4 was a
target of miR-124 in HK-2 cells.

MiR-124 inhibited the activation of NF-kB signaling
pathway through downregulating TLR4

Next, western blot assay presented that ectopic expression of
miR-124 led to the conspicuous downregulation of p-IkBa, p-
p65, and TLR4 protein levels in HG-cultured HK-2 cells
(Fig. 5a), suggesting that miR-124 suppressed TLR4 expres-
sion and NF-«kB signaling activation. Moreover, we further
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Fig. 1 Baicalin inhibited renal fibrosis in STZ-induced DN mouse model.
a-¢ BUN and Scr concentrations and ACR ratio were determined in
C57BL/6 control mice, DN mice, DN mice treated with different doses
of baicalin (DN + LC, DN + MC, DN + HC). d Protein levels of COLIV
and FN were detected by western blot assay in renal tissues of C57BL/6

demonstrated that the introduction of TLR4 overexpression
plasmid abrogated the inhibitory effect of miR-124 on
NF-kB signaling and TLR4 expression in HG-stimulated
HK-2 cells (Fig. 5a). These data suggested that miR-124
inactivated TLR4/NF-kB signaling pathway. Conversely,
the depletion of miR-124 induced the activation of the
TLR4/NF-«kB pathway in HG-treated HK-2 cells (Fig. 5B).
TLR4 knockdown inhibited the activation of the TLR4/
NF-kB pathway triggered by miR-124 loss in HG-cultured
HK-2 cells (Fig. 5b).

The inhibition of NF-kB signaling pathway triggered
the reduction of COLIV and FN expression in HG-
treated HK-2 cells

Next, we further demonstrated that the introduction of PDTC
resulted in the reduction of COLIV, FN, p-IkB«x, and p-p65

control mice, DN mice, DN mice treated with different doses of baicalin.
e Representational Masson staining images of renal tissues in C57BL/6
control mice, DN mice, and DN mice treated with different doses of
baicalin. *P < 0.05

protein expression in HG-exposed HK-2 cells (Fig. 6a, b).
That was to say, the inhibition of the NF-«kB signaling path-
way by PDTC reduced the expression of fibrotic markers in
HG-exposed HK-2 cells.

Discussion

DN and renal fibrosis is a serious threat to human health and
life that can ultimately result in end-stage renal failure, a con-
dition that demands dialysis or renal transplantation to main-
tain patients’ life [1, 24]. TCMs alone or in combination with
Western medicines have been demonstrated to be effective in
the treatment of multiple diseases including renal fibrosis in
some Asian countries including China [35, 41].

Prior experimental pieces of evidence showed that baicalin
exerted a potential anti-fibrotic activity in multiple organs
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Fig. 2 MiR-124 alleviated renal fibrosis in STZ-induced DN mouse
model. a MiR-124 level was measured by RT-qPCR assay in renal tissues
of normal control mice, DN mice, and DN mice treated with different
doses of baicalin (DN + LC, DN + MC, DN + HC). b-f MiR-124, BUN,
and Scr levels; ACR value; and COLIV and FN protein expression were

including hepatic [28] and lung [21]. Additionally, Zhang
et al. pointed out that baicalin alleviated renal fibrosis induced
by UUO through inactivating the TGF-{3/Smad pathway [40].
Baicalin exerted a protective effect on kidneys in rats with
severe acute pancreatitis [38]. Here, we aimed to further

Fig. 3 Baicalin suppressed the increase of fibrotic marker expression
induced by HG by upregulating miR-124 in HK-2 cells. a, b HG
(30 mM)-cultured HK-2 cells were transfected with anti-miR-NC or
anti-miR-124 in the presence of baicalin (100 pmol/l). At 48 h after
transfection, miR-124 level was examined by RT-qPCR assay, and
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mal mice, DN mice, and DN mice injected with miR-124 mimic or miR-
NC. #*P<0.05

investigate the effects of baicalin on renal fibrosis and un-
derlying molecular mechanisms in DN models. Our data
disclosed that the introduction of baicalin significantly al-
leviated renal injury and hampered renal fibrosis progres-
sion in STZ-induced DN mouse model. Cell model
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COLIV and FN protein levels were determined by western blot assay in
NG (5 mM)-cultured HK-2 cells, HG-cultured HK-2 cells, DMSO- or
baicalin-treated HK-2 cells under HG conditions, and HK-2 cells treated
with baicalin and HG and transfected with anti-miR-NC or anti-miR-124.
*P<0.05
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Fig. 5 MiR-124 inhibited the activation of NF-kB signaling pathway miR-NC, anti-miR-124, anti-miR-124 + si-NC, or miR-124 + si-TLR4.
through TLR4. a, b HG-cultured HK-2 cells were transfected with Forty-eight hours later, protein levels of [kBx, p-IkBa, p65, p-p65, and
miR-NC, miR-124, miR-124 + pcDNA, miR-124 + pcDNA-TLR4, anti- TLR4 were determined by western blot assay. *P < 0.05
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nephropathy [18], and acute renal injury [20]. For example,
miR-124 overexpression ameliorated mouse survival out-
comes, suppressed the expression of monocyte chemoattractant
protein-1 (MCP-1) and pro-inflammatory cytokines (tumor ne-
crosis factor-o (TNF-) and interleukin-13 (IL-1[3) and IL-6),
and alleviated acute renal injury in candidiasis-induced septic
mice [20]. The depletion of miR-124 relieved podocytic adhe-
sive ability injury in STZ-induced uninephrectomized diabetic
rats [18, 19]. Moreover, miR-124 was lower expressed in
hypoxia-cultured renal proximal tubular epithelial cells
(RPTEC) (an in vitro model of renal fibrosis) relative to
normoxia-cultured cells and ectopic expression of miR-124 an-
tagonized hypoxia-induced RPTEC migration [37]. A recent
document further pointed out that miR-124 expression was
strikingly downregulated in UUO rat model and TGF-{31-
induced HK-2 cell model of renal fibrosis, and miR-124 deple-
tion could promote renal fibrosis [42]. Our present study un-
veiled that miR-124 level was dramatically downregulated in
kidneys of STZ-induced DN mice and HG-stimulated HK-2
cells. Baicalin induced miR-124 expression in the kidneys of
STZ-induced DN mice and HG-stimulated HK-2 cells.
Moreover, miR-124 overexpression produced similar outcomes
as baicalin in STZ-induced DN mouse model. The depletion of
miR-124 weakened the inhibitory effects of baicalin on COLIV
and FN expression in HG-treated HK-2 cells.

Subsequent bioinformatics analysis, luciferase reporter assay,
and RIP assay further demonstrated that TLR4 was a target of
miR-124. Toll-like receptors (TLRs) are a group of pattern-
recognition receptors that can recognize a wide range of struc-
tural components unique to different microbial pathogens [5, 32].
TLRs have been well documented as key players in immunolog-
ical and inflammatory responses [11, 15]. TLR4, a member of
TLR family, is closely linked with the pathophysiology of mul-
tiple diseases such as cancers, Alzheimer’s disease, and diabetes
[12, 26]. Moreover, TLR4 has been recognized as pathogenic
signaling in DN and renal fibrosis [8, 33]. Additionally, it is well
known that TLRs including TLR4 can exert their function by
activating multiple downstream regulatory pathways or mole-
cules such as NF-«kB and interferon regulatory factors [16, 17].

@ Springer

PDTC — +
HG induced HK-2
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via western blot assay. *P < 0.05

For example, TLR4 expression and NF-kB promoter activity
were significantly upregulated in the kidneys of STZ-induced
diabetic mice, and TLR4 loss mitigated renal injury,
tubulointerstitial fibrosis, and inflammation induced by diabetes
[14]. The depletion of TLR4 lessened renal hypertrophy, allevi-
ated renal injury, and inhibited inflammatory and fibrotic re-
sponses in STZ-induced DN mice [23]. Furthermore, HG stim-
ulation induced the activation of TLR4 signaling in podocytes
and tubular epithelial cells, giving rise to the activation of NF-xB
signaling and upregulation of inflammatory and fibrogenic fac-
tors [23]. Also, TLR4 loss alleviated tubular injury and hampered
the development of renal fibrosis through inactivating some pro-
inflammatory signals including NF-«B in cyclosporine nephro-
toxicity [10]. In this text, we demonstrated that miR-124
inhibited the activation of the TLR4/NF-«B signaling pathway
in HG-treated HK-2 cells. Moreover, the inactivation of the
NF-kB signaling pathway by its inhibitor PDTC led to the re-
duction of COLIV and FN expression in HG-treated HK-2 cells.

In summary, these outcomes revealed that baicalin allevi-
ated renal fibrosis through upregulating miR-124 and
inhibiting TLR4/NF-kB pathway activation in STZ-induced
DN mice and HG-treated HK-2 cells, providing a novel in-
sight into the molecular basis of baicalin and some candidate
biomarkers or targets in the management of DN and renal
fibrosis. However, it is imperative to further verify our con-
clusion by in vivo knockdown or overexpression experiments.
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