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MiR-200c-3p affects cochlear hair cells damaged
by oxidative stress via modulating Taok1 expression
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Abstract: Objective: The aim of this study was to elucidate the role of miR-200c-3p in cochlear hair cells injured by
oxidative stress (0S) and the underlying mechanisms. Methods: The OS injury model of HEI-OC1 cells was induced
by 100 pmol/L tert-butyl hydroperoxide (t-BHP). The expression of miR-200¢-3p in HEI-OC1 was detected by RT-PCR,
the levels of glutathione peroxidase (GSH-Px), superoxide dismutase (SOD), Catalase (CAT), and malondialdehyde
(MDA) were determined with ELISA, and the expression levels of Taok1l and apoptosis-related proteins were mea-
sured by Western Blot. Flow cytometry was used to detect cell apoptosis. Results: Real-time polymerase chain reac-
tion (RT-gPCR) analysis identified down-regulated miR-200c-3p and up-regulated Taok1 in HEI-OC1 cells damaged
by OS, as well as an inverse association between miR-200¢c-3p and Taokl. Cell tests confirmed that miR-200¢-3p
overexpression could effectively inhibit the OS response and apoptosis of HEI-OC1 cells. Bioinformatics prediction
and dual luciferase reporter assay revealed that Taok1l was a direct target of miR-200c-3p. Taok1 overexpression
could reverse the protective action of miR-200c¢-3p overexpression on the OS injury of HEI-OC1 cells. Conclusions:
Given the capacity of miR-200c¢-3p to suppress the OS and apoptosis of HEI-OC1 cells via targeting Taok, it can be
a novel and potential therapeutic target for cochlear hair cell injury.
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Introduction

Deafness is one of the most common inner ear
sensory impairments. According to the statis-
tics from the World Health Organization (WHO)
in 2019, nearly one-third of the elderly over 65
years old and one in every 500 newborns glob-
allysuffer from hearing loss to varying degrees
[1, 2]. Besides, hearing loss will cause serious
communication barriers and severely affect the
quality of life of patients [3].

Hair cells are an important component of audi-
tory receptors. Studies have shown that the
damage of cochlear hair cells caused by inner
ear ischemia, hypoxia, noise and ototoxic drugs
is closely associated with the generation of oxy-
gen free radicals [4, 5]. miRNAs are non-coding

microRNAs with a length of about 18-25 nucle-
otides, which can participate in a series of
essential biological processes such as cell
development, proliferation, differentiation and
apoptosis via modulating gene expression by
means of specific translation inhibition or
mMRNA cleavage [6]. It is found that miRNAs are
abundantly expressed in inner ear hair cells
and are significantly associated with auditory
function [7]. Previous literature has unveiled
the abnormal expression of some miRNAs in
cochlear hair cells damaged by oxidative stress
(OS). For example, miR-133a was found to be
down-regulated in cochlear hair cells damaged
by tert-butyl hydroperoxide (t-BHP) [8]. Some
scholars [9] have analyzed miRNA expression
profiles in cochlea tissue after acoustic loss.
miR-200c¢ was found significantly down-regulat-
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Table 1. Primer sequences

RT-PCR

Gene Upstream primer 5’-3’ Downstream primer 5’-3’ Cells intervened by t-BHP
miR-200c-3p TCGTCTTACCCAGCAGTG CGGCAGTATTAGAGACTCC for 12 h were subjected to
U6 CTCGCTTCGGCAGCACATA AACGATTCACGAATTTGCGT total RNA isolation with the
Taok1 AAG AGC ATC AGC TCC ACA GT GCC GAT GTT CGT CCA TTT CT Trizol reagent (Invitrogen,
GAPDH CCTCGTCTCATAGACAAGATGGT GGGTAGAGTCATACTGGAACATG USA), and subsequent puri-

ed in cochlea tissue and Taokl was an poten-
tial target of miR-200c as predicted by bioinfor-
matics analysis. However, little is known regard-
ing the mechanism of miRNAs, including miR-
200c¢-3p, in 0S-induced cochlear hair cell loss.
This study aimed at determining the involve-
ment of the two genes in oxidative damage of
cochlear hair cells as well as the regulatory
function of miR-200c¢ on Taok1.

Materials and methods
Cell culture and transfection

Purchased from Cell Resource Center, Shanghai
Institutes for Biological Sciences, Chinese
Academy of Sciences, HEI-OC1 cells (as a
model system for cochlear hair cell research in
vitro, it can express a variety of hair cell mark-
ers) were cultured in dulbecco’s modified eagle
medium (DMEM, high sugar; Hyclone, USA)
containing 10% fetal bovine serum (Gibco,
USA) in an incubator (37°C, 10% CO,). Medium
renewal was performed on alternate days, and
the cells were subcultured once 48-72 h. The
cells were counted by a blood counting cham-
ber before inoculation. After passage, cells in a
good growth state were selected and digested
into suspension. Thereafter, they were counted
and inoculated into 6-well plates (2x10%/well).
The cells were induced to suffer OS injury by
100 umol/L tert-butyl hydroperoxide (t-BHP,
Sigma Company, USA), and a control group
(cells without the intervention of OS injury) was
set up. Subsequently, miR-200¢-3p mimic (5™-
UAAUACUGCCCGGGUAAUGAUGGA-3’) and its
negative control (miR-NC, 5-UUGUACUACACA-
AAAGUACUG-3’), Taokl small interfering RNA
(siRNA) (si-Taok1) and its negative control (si-
NC), as well as Taokl overexpression plasmid
established using pcDNA3.1 vector (pcDNA3.1-
Taokl) and its negative control (pcDNA3.1-NC)
(GenePharma, Shanghai, China) were transfect-
ed into cells using Lipofectamine™ 2000 Kkits
(Invitrogen, Carlsbad, USA), strictly following
the instructions.
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ty and concentration deter-
mination using an ultravio-
let spectrophotometer. Then, 5 pg of the total
RNA was collected for reverse transcription
of c¢cDNA according to kit instructions. The
PCR reaction system was as follows: Bes-
tar ®Sybr Green qPCR Master Mix: 10 pL, for-
ward primer (10 uM): 0.5 pL, reverse primer
(10 uM): 1 pL, and dddH20 to a final volume
of 10 uL. Amplification conditions: PCR reac-
tion conditions (40 cycles): 94°C, 30 s; 94°C,
5 s; 60°C, 30 s. In this study, U6 was used
as the internal reference for miR-200C-3p,
and GAPDH was used as the internal refe-
rence for Taokl. The data were analyzed using
2-88CT Primer sequences are presented in Table
1.

Detection of intracellular OS indexes

The cells were collected after digestion and
rinsed with PBS once. They were then lysed
using an ultrasonic crushing apparatus, and
centrifuged at low speed at 3000 r/min for 15
min. The resulting lysed supernatant was
gathered for the determination of oxidative
damage-related molecules glutathione peroxi-
dase (GSH-px), superoxide dismutase (SOD),
catalase (CAT) and malondialdehyde (MDA)
using ELISA kits all purchased from Jiancheng
Bioengineering Institute, Nanjing, China.

Western blot (WB)

Radioimmunoprecipitation assay (RIPA) lysis
buffer (Beyotime, Shanghai, China) was used
for total protein extraction. The protein concen-
tration, measured by bicinchoninic acid (BCA)
method (Beyotime, Shanghai, China), was made
to 4 pg/uL, which was subsequently processed
for sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE, 12%), polyvinyli-
dene fluoride (PVDF) membrane transfer, dye-
ing in Ponceau S Solution, and soaking in PBST
(5 min). After closing in 5% Nonfat-Dried Milk
for 2 h, it was immersed in primary antibodies
Bax (1:500), Bcl-2 (1:500), Taok1 (1:1,000) and
B-Actin (1:1,000) (Abcam, ab32503, ab32124,
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ab197891, ab6276), for overnight blocking at
4°C. Following the removal of primary antibod-
ies, the membrane was cultured in the second-
ary antibody horseradish peroxidase (HRPO)-
labeled goat anti-rabbit (1:1,000) (Abcam,
ab6728) for 1 h (37°C), and then washed
with PBS three times (5 min/time). The mem-
brane was blotted with filter paper and finally
developed by enhanced chemiluminescent
(ECL) reagent (Pierce Biotechnology, Rockford,
USA).

Apoptosis detection

The collected cells were adjusted to 4x10%/mL
and immersed in 500 yL Binding Buffer for
resuspension referring to the instructions of
Annexin V-FITC apoptosis kit (MultiSciences,
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Figure 1. Effect of t-BHP treat-
ment on HEI-OC1 cells. A: Ex-
pression of SOD in HEI-OC1 cells
treated with t-BHP; B: Expression

_ of CAT in HEI-OC1 cells treated
with t-BHP; C: Expression of GSH-

Px in HEI-OC1 cells treated with
t-BHP; D: Expression of MDA in
HEI-OC1 cells treated with t-BHP;
E: Apoptosis rate of HEI-OC1 cells

K N treated with T-BHP; F: Expression
Q"S \@\% of apoptosis-related proteins Bax
U and Bcl-2 in HEI-OC1 cells treat-

ed with T-BHP. *indicates P<0.05
(independent samples t-test).

70-AP101-100). Then they were mixed with
Annexin V (5 pyL) and PI (10 pL) staining solution
successively in dark. At the same time, blank
cell samples, Annexin V single-stained and PI
single-stained samples were used to adjust the
optical path compensation. After staining (15
min), the apoptotic rate of cells was detected by
flow cytometry (FCM).

Dual luciferase reporter (DLR)

The bioinformatics database Targetscan identi-
fied Taokl as a direct target of miR-200c-3p.
After amplifying the oligonucleotide containing
Taokl target sequence, it was introduced into
pmirGLO plasmid (WT) (Promega, Madison WI,
USA). Following the construction of pmirGLO-
Taok1-3'UTR wild type (WT) and Mutant (Mut),
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Figure 2. Expression of miR-200c¢c-3p and Taok1 in HEI-OC1 cells after t-BHP

treatment. A: Expression of miR-200¢-3p in HEI-OC1

ment; B: Expression of Taok1l mRNA in HEI-OC1 cells after t-BHP treatment;

C: Expression of Taok1 protein in HEI-OC1 cells after
cates P<0.05 (independent samples t-test).

they were transferred to the luciferase reporter
gene downstream to sequence and identify the
constructed plasmids. The luciferase reporter
plasmid was co-transfected into 293T cells
(Huzhen Biotech, Shanghai, China, HZ-H321)
with either miR-200¢-33p mimic or miR-NC by
Lipofectamine 2000. After 24 h of culture, the
cells were collected for luciferase activity de-
tection with a luciferase detection kit (Prome-
ga, Madison, Wisconsin, USA), and the results
were statistically analyzed.

Statistical processing

In this study, the statistical analysis and image
rendering employed SPSS 20.0 and Graph-
Pad Prism 6 respectively. Measurement data,
recorded in the form of SD + means, were
analyzed by t-test; The methods for inter- and
multi-group comparisons were independent
samples t-test (denoted by t) and one-way
ANOVA plus LSD-t post-hoc test, respectively,
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After t-BHP treatment, the ex-
pression of miR-200c¢-3p and
Taokl mRAN in HEI-OC1 cells
was detected by qRT-PCR, and
the expression of Taokl pro-
tein was detected by WB. The
results identified down-regu-
lated miR-200c-3p and up-regulated Taokl
mRNA and protein in t-BHP treated HEI-OC1
cells, versus Control group (P<0.05). See Figure
2.

cells after t-BHP treat-

t-BHP treatment. *indi-

Effect of miR-200c¢-3p overexpression on HEI-
OC1 cells

miR-200c¢-3p-mimic and its negative control
were transfected into HEI-OC1 cells injured
by 0S. The results showed that the expression
of miR-200c¢-3p in HEI-OC1 cells was signifi-
cantly up-regulated compared with miR-NC
group (P<0.05). SOD, CAT and GSH-Px in trans-
fected HEI-OC1 cells were obviously up-regulat-
ed while MDA was notably down-regulated, as
indicated by ELISA (P<0.05). FCM revealed that
the apoptosis of HEI-OC1 cells decreased obvi-
ously after transfection (P<0.05). Meanwhile,
WB identified reduced Bax protein and elevat-
ed Bcl-2 protein. See Figure 3.
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Figure 3. Effect of overexpression of miR-200¢c-3p on HEI-OC1 cells.
A: Expression of miR-200c¢-3p in HEI-OC1 cells after transfection; B:
Effect of overexpression of miR-200¢-3p on the expression of SOD in
HEI-OC1 cells; C: Effect of overexpression of miR-200c-3p on the ex-
pression of CAT in HEI-OC1 cells; D: Effect of overexpression of miR-
200c¢-3p on the expression of GSH-Px in HEI-OC1 cells; E: Effect of
overexpression of miR-200c¢c-3p on the expression of MDA in HEI-OC1
cells; F: Effect of overexpression of miR-200¢-3p on the apoptosis rate
of HEI-OC1 cells; G: Effect of overexpression of miR-200c¢c-3p on the
expression of Bax and Bcl-2 in HEI-OC1 cells. *indicates P<0.05 (inde-
pendent samples t-test).
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Figure 4. Dual luciferase reporter assay. A: Targeted binding sites; B: Effect of miR-200c¢-3p on the luciferase activity
of Taok1; C: Effect of miR-200¢-3p on Taok1 protein expression. *indicates P<0.05 (independent samples t-test).

Taokl1 is a target gene of miR-200c¢-3p

DLR assay showed that miR-200¢c-3p overex-
pression decreased the luciferase activity of
Taokl 3’'UTR Wt (P<0.05), but did not affect
Taokl 3'UTR Mut. Furthermore, WB showed
down-regulated Taok1 protein in HEI-OC1 cells
transfected with miR-200¢-3p mimic (P<0.05).
Figure 4.

miR-200c-3p targets Taok1 to protect HEI-OC1
cells injured by OS

After co-transfecting miR-200¢-3p mimic and
pcDNA3.1-Taokl into HEI-OC1 cells, it was
found that the expression of Taokl mRNA
in HEI-OC1 cells was significantly increased
after pcDNA3.1-Taok1 transfection. In addition,
pcDNA3.1-Taok1 reversed the inhibitory effect
of miR-200¢-3p mimic on OS and apoptosis of
HEI-OC1 (P<0.05), indicating that miR-200c¢-3p
exerted a protective effect on HEI-OC1 cells
damaged by OS via targeting Taok1 Figure 5.

Discussion

Generally, all mammals, including humans,
cannot regenerate cochlear hearing cells after
the inner ear matures. When the inner ear
encounts irreversible damage to cochlear hair
cells and cannot be repaired, people will experi-
ence varying degrees of hearing loss [10, 11].
In recent years, miRNAs have been shown to be
abundantly expressed in inner ear hair cells
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and are strongly correlated with auditory func-
tion [12]. It was previously reported that, using
100 pmol/L t-BHP to simulate the OS injury of
HEI-OC1 cells induced by noise in vitro, miR-
200c can protect HEI-OC1 cells from OS injury
by targeting Taok1 [13].

miR-200c¢ belongs to the miR-200 family and
is located on chromosome 12p13 [14]. Evi-
dence has shown that miR-200c¢ is down-regu-
lated in 0S-induced glaucoma [15]. OS s
also responsible for cochlear hair cell injury.
However, no research has explored the role
and related mechanisms of miR-200c¢c in
0S-induced cochlear hair cell injury. After using
t-BHP to induce OS damage in HEI-OC1 cells,
we observed significantly down-regulated anti-
oxidant stress factors SOD, CAT and GSH-Px in
HEI-OC1 cells, notably up-regulated OS factor
MDA, and statistically reduced apoptosis rate
of HEI-OC1 cells, which indicated that t-BHP
successfully induced the OS injury of HEI-OC1
cells. Besides, miR-200c in cells was found to
be down-regulated, indicating that abnormally
expressed miR-200¢ may be related to OS inju-
ry of HEI-OC1 cells.

The results of bioinformatics analysis demon-
strated that Taokl was a potential target of
miR-200c¢-3p, which was subsequently con-
firmed by double luciferase reporter gene
assay. In cancer tissues, Taokl was able to
stimulate the c-Jun N-terminal kinase/mitogen-
activated protein (MAP) kinase axis [16]. In

Am J Transl Res 2021;13(12):13665-13673
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Figure 5. Effect of co-transfection of miR-200c¢-3p mimic and pcDNA3.1-Taok1 on HEI-OC1 cells. A: Transfection efficiency of pcDNA3.1-Taok1 in HEI-OC1 cells; B:
Effect of co-transfection of miR-200¢c-3p mimic and pcDNA3.1-Taok1 on the expression of SOD in HEI-OC1 cells; C: Effect of co-transfection of miR-200c-3p mimic
and pcDNA3.1-Taok1 on the expression of CAT in HEI-OC1 cells; D: Effect of co-transfection of miR-200c-3p mimic and pcDNA3.1-Taok1 on the expression of GSH-
Px in HEI-OC1 cells; E: Effect of co-transfection of miR-200c-3p mimic and pcDNA3.1-Taok1 on the expression of MDA in HEI-OC1 cells; F: Effect of co-transfection
of miR-200¢-3p mimic and pcDNA3.1-Taok1 on the apoptosis rate of HEI-OC1 cells; G: Effect of co-transfection of miR-200¢c-3p mimic and pcDNA3.1-Taok1 on the
expression of apoptosis related proteins Bax and Bcl-2 in HEI-OC1 cells. **indicates P<0.05; *compared with #, P<0.05 (independent samples t test was used for
Figure A, one-way ANOVA was used for the rest, and LSD-T test was used for post-hoc pairwise comparison).
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human neuroblastoma cells, Taok1l transfec-
tion induced apoptosis [17]. While in noise-
impaired cochlea, the MAP kinase pathway is
related to cochlea apoptosis, and inhibition of
this pathway can reduce apoptosis [18, 19]. All
these observations indicate that Taokl is
involved in regulation of cochlear responses to
acoustic injury, possibly by modulating apopto-
sis. However, the involvement of Taok1 in HEI-
OC1 cells is rarely reported. A previous study
proved that OS may increase Taok1 expression,
and in our study, Taokl in HEI-OC1 cells was
up-regulated after t-BHP treatment.

In subsequent studies, we overexpressed miR-
200c¢-3p in t-BHP-intervened HEI-OC1 cells,
and found that miR-200c¢c-3p overexpres-
sion significantly inhibited OS injury and apop-
tosis of HEI-OC1 cells. Meanwhile, it was
observed that Bax and Bcl-2, which were pro-
apoptotic and anti-apoptotic proteins respec-
tively, showed consistent expression profiling
with the changing trend of apoptosis rate. Bax
is an essential factor for 0S-induced apoptosis,
while Bcl-2 shows a negative response to 0S
[24].

Some miRNAs are thought to regulate OS or
apoptosis of HEI-OC1 cells. For example, a
study found that miRNA-207 can enhance radi-
ation-induced cochlear hair cell apoptosis by
targeting Akt3. Another study [22] found that by
regulating Bcl-2, miR-204-5p can influence lipo-
polysaccharids-induced cochlea cell apoptosis.
miR-200c¢ and Taok1 are both involved in regu-
lating apoptosis [23, 24]. The present study
found an inverse association between Taokl
and miR-200c-3p. In addition, rescue experi-
ments showed that up-regulation of Taokl
expression could offset the inhibitory action of
miR-200c¢c-3p overexpression on OS and apop-
tosis of HEI-OC1 cells. It demonstrates that
miR-200c¢-3p reduces OS response and apop-
tosis of HEI-OC1 cells by targeting Taokl.
Furthermore, it indicates that miR-200c¢-3p
functions as an anti-apoptotic gene and Taok1
acts as a pro-apoptotic factor in t-BHP inter-
vened HEI-OC1 cells.

In summary, miR-200c-3p overexpression in-
hibits the OS response and apoptosis of t-BHP-
treated HEI-OC1 cells, possibly through target-
ed regulation of Taok1. Therefore, miR-200c¢c-3p
may be a potential therapeutic target for
cochlear hair cell injury. However, this study
also has some limitations. For example, the
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reverse efficiency of pcDNA3.1-Taok1l on miR-
200c-3p mimic in this study is extremely high,
which we believed might be due to a certain
contingency. Although the reversal effect of
PCDNA3.1-TaOK1 on miR-200C-3p mimic is
undeniable, further analysis of its specific
transfection efficiency is still needed to avoid
errors.
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