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Abstract
Oxidative stress is one of the important mechanisms of inner ear cell damage, which can lead to age-related hearing
loss (ARHL). LncRNAH19 is significantly downregulated in the cochlea of oldmouse, however, the role of H19 in the
development of ARHL remains unclear. In this study, we aim to investigate the expression and function of H19 in
oxidative stress injury of cochlear hair cells induced by H2O2. RT-qPCR and western blot analysis confirms that HEI-
OC1 cells stimulated with H2O2 decreases the expressions of H19 and SIRT1, but increases the expression of miR-
653-5p. Overexpression of H19 could increase cell viability, ATP level and mitochondrial membrane potential, but
reduce mitochondrial ROS generation and cell apoptosis ratio in H2O2-stimulated HEI-OC1 cells. MiR-653-5p is a
target of H19, which can bind to the 3′-UTR of SIRT1. H19 is found to regulate the expression of SIRT1 through miR-
653-5p. Further experiments demonstrates that H19 regulates HEI-OC1 cell viability, ATP level, mitochondrial
membrane potential, mitochondrial ROS generation, and cell apoptosis ratio via the miR-653-5p/SIRT1 axis. In
conclusion, lncRNA H19 inhibits oxidative stress injury of cochlear hair cells via the miR-653-5p/SIRT1 axis.
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Introduction
Age-related hearing loss (ARHL), also known as presbycusis, is one
of the most common chronic diseases, characterized by gradual
hearing decline with aging [1]. So far, hearing aid device is the most
important method to prevent and treat ARHL. However, due to its
high price, its application in the treatment of presbycusis is ob-
viously limited. Therefore, understanding the pathogenesis of
ARHL is an important way to prevent and treat ARHL. The patho-
logical features of ARHL include hair cell loss, vascular atrophy,
spiral ganglion neurons loss, and degeneration of central auditory
pathway.

More and more studies have shown that oxidative stress plays an
important role in the pathophysiology of ARHL [2]. In ARHL pa-
tients or animal models, the expressions of oxidative stress-related
proteins or factors are increased, while the levels of antioxidant-
related proteins or factors are significantly decreased, indicating
that ARHL is closely related to oxidative stress [3–5]. Under oxi-
dative stress stimulation, cells produce a large amount of reactive

oxygen species (ROS), and then ROS directly damage the cells and
activate downstream caspase-3 by stimulating extracellular trans-
membrane receptors, thus initiating cell apoptosis. Excessive ac-
cumulation of ROS can also damage the function of mitochondria by
attacking the target mitochondria. The damage of mitochondrial
function can increase the production of ROS, which cannot be re-
moved in time, resulting in the formation of a vicious cycle that
eventually leads to cell apoptosis [6]. Therefore, oxidative stress
could damage cells by attacking the mitochondria.

LncRNAs have almost no ability to encode functional proteins,
but are closely related to many human diseases. Using RNA-seq
analysis, Su et al. [7] identified 134 abnormally expressed lncRNAs,
with 88 upregulated and 46 downregulated, and Zhao et al. [8]
found 738 differentially expressed lncRNAs in the cochleae of aged
mice. In addition, Hao et al. [9] observed that lncRNA MIAT can
inhibit oxidative stress-induced cochlear hair cell apoptosis through
a ceRNA pattern by targeting SIRT1. Increasing evidence supports
that lncRNA H19 is associated with some aging processes [10], and
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H19 is significantly low-expressed in cochlea of the aged mice [7],
indicating that H19 overexpression may resist the pathological da-
mage of ARHL.

MicroRNAs (miRNA) are a noncoding RNA subtype consisting
of 19–25 nucleotides produced by a series of cleavage processes,
which play an important role in regulating the expressions of
protein-coding genes, mainly by binding to the 3′-untranslated
region (3′-UTR) of target mRNA [11,12]. The binding of miRNA to
mRNA can lead to mRNA degradation and translation inhibition,
which is the way that these molecules inhibit gene expression.
Previous studies have shown that abnormally expressed miRNA
may be involved in the pathophysiology of ARHL [13–16]. MiR-
653-5p is abnormally expressed in a variety of cancers and in-
volved in the occurrence and development of cancers. At present,
there is no report on the expression and role of miR-653-5p in
ARHL.

In addition, some researchers reported that SIRT1 can inhibit
oxidative stress, inhibit hair cell apoptosis, and improve age-related
hearing loss [17,18]. Bioinformatics analysis predicted that there is
a binding site between H19 and miR-653-5p, and miR-653-5p could
bind to SIRT1 3′-UTR. Therefore, we speculated that overexpression
of H19 may promote SIRT1 expression by regulating miR-653-5p,
thereby inhibiting oxidative stress-induced hair cell apoptosis and
improving ARHL hearing loss.

Material and Methods
HEI-OC1 cell culture and H2O2 stimulation
HEI-OC1 cells (MlBio, Shanghai, China) were cultured in DMEM
medium (Gibco, Waltham, USA) supplemented with 10% FBS in an
incubator at 33°C with 10% CO2. HEI-OC1 cells were stimulated
with 1 mM H2O2, and after incubation for 2 h, cells were collected
for the subsequent experiments.

Lentivirus infection and cell transfection
The lentivirus (LV-NC or LV-H19), miRNA mimic/inhibitor and
siRNA interference sequences and their corresponding negative
controls were purchased from Genechem (Shanghai, China). The
sequences are shown in Table 1. For lentivirus infection, on the first
day, 2 mL of HEI-OC1 cells were plated in 6-well plates (1×105

cells/well). On the second day, the virus particles (100 MOI) were
pre-mixed with DMEMmedium and added to each well of the 6-well
plate. On the third day, the medium containing virus solution was

replaced by normal medium. For cell transfection, when the con-
fluence of HEI-OC1 cells reached 75%, the miRNA mimic/inhibitor
and/or si-SIRT1 were transfected using Lipofectamine 2000 (In-
vitrogen, Carlsbad, USA) according to the manufacturer/s instruc-
tions.

RT-qPCR analysis
After H2O2 stimulation or transfection, the cells were collected, and
total RNA was extracted using Trizol reagent (Invitrogen). To detect
H19 and SIRT1 expressions, total RNA was reverse-transcribed
using a PrimeScriptTM II 1st Strand cDNA Synthesis kit (TaKaRa,
Shiga, Japan), then quantified using the SYBR Green RT-PCR kit
(TaKaRa). RT-qPCR was performed with SYBR Green dye (TaKaRa)
on a 7500 Real-time PCR system (Applied Biosystems, Foster City,
USA). The primers were designed and synthesized by RiboBio
(Guangzhou, China) and the sequences are as follows: H19, 5′-
GAACAGAAGCATTCTAGGCTGG-3′ (forward) and 5′-TTCTAAGTG
AATTACGGTGGGTG-3′ (reverse); and SIRT1, 5′-TGATTGGCACCG
ATCCTCG-3′ (forward) and 5′-CCACAGCGTCATATCATCCAG-3′
(reverse); miR-653-5p, 5′-GTGTTGAAACAATCTCTACTG-3′ (for-
ward) and 5′-GAACATGTCTGCGTATCTC-3′ (reverse); U6, 5’-GCTT
CGGCAGCACATATACTAAAAT-3’ (forward) and CGCTTCACGAA
TTTGCGTGTCAT (reverse); β-actin, 5′-GTGACGTTGACATCCGTA
AAGA-3′ (forward) and 5′-GCCGGACTCATCGTACTCC-3′ (reverse).
For the detection of miR-653-5p, the reverse transcription was
performed by using miRNA reverse transcriptase (TaKaRa). The
expression levels were determined using the 2−ΔΔCt method, and the
results were normalized to the expression level of β-actin or U6
snRNA, respectively.

Western blot analysis
After H2O2 stimulation or transfection, the cells were collected, and
total proteins were extracted using RIPA buffer and quantified using
BCA protein quantitative kit (Beyotime, Haimen, China). The pro-
tein samples were separated by SDS-PAGE and transferred onto
PVDF membrane (Millipore, Billerica, USA). The membrane was
probed with primary antibodies against SIRT1 (ab189494; Abcam,
Cambridge, USA), followed by incubation with the corresponding
HRP-conjugated secondary antibody. The protein bands were fi-
nally visualized using Immobilon Western Chemiluminescent HRP
substrate (Millipore), and quantified using Quantity One software
(Bio-Rad Laboratories, Hercules, USA). β-Actin was used as the

Table 1. The sequences used in study

Gene Sequence (5′→3′)

Mimic NC
UUCUCCGAACGUGUCACGUT (F)
ACGUGACACGUUCGGAGAATT (R)

MiR-653-5p mimic
GUGUUGAAACAAUCUCUACUG (F)
GUAGAGAUUGUUUCAACAGUA (R)

Inhibitor NC CAGUACUUUUGUGUAGUACAA

MiR-653-5p inhibitor CAGUAGAGAUUGUUUCAACAC

Si-SIRT1
GGUUGUUAAUGAAGCUAUAGC (SS)
UAUAGCUUCAUUAACAACCUC (AS)

SiRNA
UUCUCCGAACGUGUCACGUdTdT (SS)
ACGUGACACGUUCGGAGAAdTdT (AS)

Biotinylated NC Bio-CTGATAAGCTATAGCATATTT

Biotinylated WT miR-653-5p Bio-GUGUUGAAACAAUCUCUACUG

Biotinylated MUT miR-653-5p Bio-AGAGGAGGGCAAUCUCUACUG
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loading control.

CCK-8 assay
After transfection, HEI-OC1 cells were plated in 96-well plates
(5×103 cells/well), with or without H2O2 stimulation. After 24 h of
incubation, CCK8 reagent (10 μL; Biyuntian Biotechnology Re-
search Institute, Nanjing, China ) was added to each well, and in-
cubated for another 2 h. Finally, the absorbance of each well was
measured with a microplate reader (Bio-Rad) at 450 nm.

Measurement of ATP level
After H2O2 stimulation or transfection, HEI-OC1 cells were homo-
genized with lysis buffer and centrifuged at 12,000 g for 5 min, and
the supernatants were collected. The ATP detection reagent (5 μL;
Thermo Fisher Scientific, Waltham, USA) was added to each well of
a 96-well plate. The collected samples (200 μL) were then added to
the wells and mixed. The absorbance of samples and standards
were measured with a microplate reader at 560 nM. ATP levels were
calculated according to the standard curve and normalized to the
protein contents.

Measurement of ROS levels
After H2O2 stimulation or transfection, HEI-OC1 cells were collected
and washed with PBS. HEI-OC1 cells were incubated with DCFH-DA
at 33°C for 40 min in the dark. The fluorescent images were ob-
served and captured using an inverted microscope (Olympus, To-
kyo, Japan). The average fluorescence intensity of DCFH-DA was
calculated using Image-Pro Plus software 6.0 (Media Cybernetics
Inc., Rockville, USA). The intracellular ROS level was expressed as
the average fluorescence intensity.

Mitochondrial membrane potential assay
The mitochondrial membrane potential was measured using JC-1
kit (GeneCopoeia, Rockville, USA) according to the manufacturer’s
instructions. After H2O2 stimulation or transfection, HEI-OC1 cells
were collected and incubated with JC-1 solution (10 μM) at 33°C for
30 min. Then flow cytometry analysis was performed on FACSVerse
flow cytometer (BD Biosciences, Franklin Lakes, USA) to determine
the mitochondrial membrane potential [ ].

Cell apoptosis analysis
Annexin V-FITC/propidium iodide (PI) Apoptosis Detection kit
(KeyGEN, Nanjing, China) was used to detect HEI-OC1 cell apop-
tosis according to the manufacturer’s protocol. Briefly, the har-
vested cells were thoroughly washed twice with binding buffer. The
cells were resuspended in binding buffer and incubated with 5 μL
FITC-conjugated Annexin V and 5 μL PI at room temperature in the
dark for 5 min. Subsequently, cells were analyzed with a flow cyt-
ometer (BD Biosciences).

Luciferase reporter gene assay
The prediction of RNA-binding sites were performed by using
starBase (http://starbase.sysu.edu.cn/). The wild-type (WT)/mu-
tant type (MUT, produced by mutant the miR-653-5p seed region)
fragments of H19 containing putative miRNA binding sites were
amplified and inserted into the Luciferase reporter plasmid (Ribo-
Bio), as well as the WT and mutant (MUT, produced by mutant the
SIRT1 seed region) fragments of SIRT1 containing putative miRNA
binding sites were amplified and inserted into the Luciferase re-

porter plasmid. 293T cells (ATCC, Manassas, USA) were seeded in a
96-well plate and then transfected with miR-653-5p mimics or in-
hibitors using Lipofectamine 2000. Finally, the luciferase activity
was assessed using a dual-Luciferase Reporter Assay system (Pro-
mega, Madison, USA).

Pull-down assay
HEI-OC1 cells were transiently transfected with biotinylated WT/
MUT miR-653-5p (Genechem, Shanghai, China) respectively, har-
vested 48 h after transfection, and then lysed. A total of 50 μL of the
lysates were aliquoted for input, and the remaining lysates were
incubated with Dynabeads M-280 Streptavidin (Invitrogen). The
beads were washed and incubated with biotinylated probe. Subse-
quently, beads with immobilized miR-653-5p fragment were in-
cubated with EDTA and 95% formamide. The bound RNA was
purified using Trizol and then analyzed by qRT-PCR.

Statistical analysis
Statistical analyses were performed using SPSS 20.0 (SPSS, Chicago,
USA). Results are expressed as the mean±standard deviation (SD).
Statistic comparison between two groups were performed by the
Student’s t test or one-way ANOVA followed by a post hoc test.
Statistical significance was established at P<0.05.

Results
Overexpression of H19 inhibits cochlear hair cell
apoptosis induced by H2O2

The mouse cochlear hair cells (HEI-OC1 cells) were stimulated with
H2O2 to induce oxidative stress injury. As shown in Figure 1A,B, HEI-
OC1 cells stimulated with H2O2 downregulated the expression of
H19, but upregulated miR-653-5p. Meanwhile, RT-PCR and western
blot analysis results revealed decreased mRNA and protein expres-
sions of SIRT1 in H2O2-stimulated HEI-OC1 cells (Figure 1C–E).

Next, to investigate the role of H19 in oxidative stress-induced
cochlear hair cell apoptosis, HEI-OC1 cells were infected with len-
tivirus overexpressing H19, followed by H2O2 stimulation. The re-
sults showed high efficiency of lentivirus-mediated H19
overexpression (Supplementary Figure S1). As shown in
Figure 2A–D, H2O2 significantly reduced HEI-OC1 cell viability,
ATP level, and mitochondrial membrane potential, and over-
expression of H19 markedly improved these alterations. Moreover,
the ROS level was increased by H2O2 stimulation, and over-
expression of H19 reversed this increase (Figure 2E,F). Finally, the
effect of H19 on cell apoptosis was examined by flow cytometry.
The results showed the same trend of cell apoptosis ratio as ROS
level, showing that H2O2 stimulation induced HEI-OC1 cell apop-
tosis, while overexpression of H19 reversed it (Figure 2G,H). To-
gether, these data confirmed that H2O2 stimulation reduced H19
expression, and overexpression of H19 reversed the cochlear hair
cells apoptosis induced by H2O2.

MiR-653-5p is a target of H19
It was found that overexpression of H19 suppressed miR-653-5p
expression with or without H2O2 stimulation (Figure 3A). Bioin-
formatics analysis showed that there is a binding site between H19
and miR-653-5p (Figure 3B). RNA pull-down results showed that
H19 was pulled down byWTmiR-653-5p, but not by MUTmiR-653-
5p (Figure 3C), proving the direct binding between H19 and miR-
653-5p sequences. In addition, luciferase activity of cells co-
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transfected with miR-653-5p mimics and WT H19 was significantly
reduced than that of cells co-transfected with NC and WT H19. At
the same time, luciferase activity did not change significantly in
cells co-transfected with miR-653-5p mimics or mimics NC and
MUT H19 (Figure 3D). These results indicated that miR-653-5p is a
target of H19.

H19 upregulates SIRT1 expression via miR-653-5p
Bioinformatics analysis also showed that miR-653-5p can bind with
the 3′-UTR of SIRT1. As shown in Figure 3E, the possible binding
sequence between SIRT1 3′-UTR and miR-653-5p was predicted by
starbase 2.0. Then, we found that compared with mimic/inhibitor
NC, the SIRT1 expression was decreased in the miR-653-5p mimic
group and increased in the miR-653-5p inhibitor group
(Figure 3F–H). Furthermore, the luciferase activity of cells co-
transfected with miR-653-5p mimics and WT SIRT1 3′-UTR was
obviously decreased when compared with that of cells transfected
with mimics NC. And there was no significant difference between
cells co-transfected with MUT SIRT1 3′-UTR (Figure 3I). These re-
sults suggested that miR-653-5p can bind to the 3′-UTR of SIRT1.

We also found that overexpression of H19 increased SIRT1 ex-
pression with or without H2O2 stimulation (Figure 3J–L). Therefore,
HEI-OC1 cells were co-transfected with miR-653-5p mimic and LV-
H19 or their corresponding negative controls (mimic NC and LV-
NC). The results showed that SIRT1 expression was increased by
LV-H19, decreased by miR-653-5p mimic, which was consistent
with previous results. However, miR-653-5p mimic could partly
reverse the effect of LV-H19 on SIRT1 expression (Figure 3M,N).
These results proved that H19 can positively regulate the expression

of SIRT1 via miR-653-5p.

H19 inhibits cochlear hair cell apoptosis by regulating
the miR-653-5p/SIRT1 axis
To explore the molecular mechanism of H19 in inhibiting cochlear
hair cell apoptosis, HEI-OC1 cells were co-transfected with LV-H19
and miR-653-5p mimic or SIRT1 interference sequence (si-SIRT1)
and then stimulated with H2O2. As shown in Figure 4A–D, under
H2O2 stimulation, LV-H19 significantly increased HEI-OC1 cell via-
bility, ATP level and mitochondrial membrane potential, while miR-
653-5p mimic or si-SIRT1 reversed the effect of LV-19 on cell via-
bility, ATP level and mitochondrial membrane potential. Mean-
while, the declined ROS level and cell apoptosis ratio in the LV-H19
group were reversed by miR-653-5p mimic or si-SIRT1 (Figure 4E–
H). These results suggested that under H2O2 stimulation, H19 in-
hibited cochlear hair cell apoptosis by regulating the miR-653-5p/
SIRT1 axis.

Discussion
Oxidative stress is one of the important mechanisms of inner ear cell
damage, which can lead to hearing loss in severe cases [19]. ARHL
is related to mitochondrial dysfunction induced by oxidative stress,
which leads to aging and death of auditory hair cells [20]. Here, we
used H2O2 stimulation to induce oxidative stress injury of cochlear
hair cells. Our results showed that H2O2 significantly reduced cell
viability, ATP level and mitochondrial membrane potential, and
increased ROS level and cell apoptosis ratio, which is consistent
with previous studies [7].

More and more evidence shows that lncRNAs play a key role in

Figure 1. H2O2 stimulation increased the expressions of H19 and SIRT1 but inhibited miR-653-5p in cochlear hair cells HEI-OC1 cells were
stimulated with 1 mM H2O2 for 2 h. (A) RT-PCR analysis of lncRNA H19. (B) RT-PCR analysis of miR-653-5p. (C–E) RT-PCR and western blot analysis
of SIRT1. Data were shown as the mean±SD of three independent experiments. *P<0.05 vs control.
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aging-related diseases [21]. H19 is a paternally imprinted and ma-
ternally expressed lncRNA. Su et al. [7] found that the expression of
H19 is decreased in the cochlea of aged mice. Another study showed
that H2O2 treatment can significantly inhibit the expression of H19
in cardiomyocytes (H9c2 cells), and the expression of H19 is de-
ceased with the increase of H2O2 concentration [22]. In our study,
H19 was found to be significantly down-regulated in mouse co-
chlear hair cells (HEI-OC1) stimulated with H2O2, which is con-
sistent with the results in the literature [22]. Functional experiments
showed that overexpression of H19 could reverse the effect of H2O2

on cell viability, ATP level, mitochondrial membrane potential, and
the increased ROS level and cell apoptosis, which proved that H19
might be a potential method to treat oxidative stress injury of co-
chlear hair cells.

Bioinformatics analysis showed that miR-653-5p is a direct target
of H19. In this study, we identified increased expression of miR-653-
5p in H2O2-stimulated cells. RNA pull-down assays and dual-luci-
ferase reporter assays demonstrated that H19 is a target of miR-653-

5p. miR-653-5p mimic could reverse the effect of H19 over-
expression on cell viability, ATP level, mitochondrial membrane
potential, and the increased ROS level and cell apoptosis, which
indicated that the miR-653-5p participates in the oxidative stress
injury of cochlear hair cells. By binding to the 3′-UTR of target
genes, miRNAs result in the degradation of target mRNAs and re-
duction of target protein translation.

Bioinformatics analysis also showed that miR-653-5p can bind to
SIRT1 3′-UTR. Here, dual-luciferase reporter assay verified that miR-
653-5p is able to bind to SIRT1 3′-UTR. It has been widely reported
that H19 acts as a ceRNA to bind to miRNA via a “sponge” to
modulate mRNA expression [23–25]. Here, rescue experiments
confirmed that H19 acts as a ceRNA to bind to miR-653-5p via a
“sponge” to modulate SIRT1 expression. Many researchers have
reported that SIRT1 can inhibit oxidative stress and hair cell apop-
tosis, and further improve age-related hearing loss [9,17,18]. In the
present study, we found that SIRT1 was significantly reduced in
H2O2-stimulated cells, which is consistent with previous findings

Figure 2. Overexpression of H19 inhibited H2O2-induced cochlear hair cell apoptosis (A) CCK8 assay for cell viability of HEI-OC1 cells infected with
LV-H19 and LV-NC respectively. (B) ATP content in HEI-OC1 cells infected with LV-H19 and LV-NC respectively. (C,D) Representative JC-1 fluor-
escence micrographs in HEI-OC1 cells infected with LV-H19 and LV-NC respectively. (E,F) Representative ROS fluorescence micrographs in HEI-
OC1 cells infected with LV-H19 and LV-NC respectively. (G,H). Annexin V/PI staining for cell apoptosis in HEI-OC1 cells infected with LV-H19 and LV-
NC respectively. Data were shown as the mean±SD of three independent experiments. *P<0.05 vs control, and #P<0.05 vs LV-NC.
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Figure 3. H19 increased SIRT1 expression via miR-653-5p (A) RT-PCR analysis of miR-653-5p in HEI-OC1 cells infected with LV-H19 or LV-NC, and
then stimulated with H2O2. (B) Schematic diagram of the interaction between H19 and miR-653-5p. (C,D) H19 was identified as a target of miR-653-
5p by RNA pull-down assay and dual-luciferase reporter assay. (E) Schematic diagram of the interaction between SIRT1 and miR-653-5p. (F–H) HEI-
OC1 cells were transfected with miR-653-5p mimic/inhibitor. The SIRT1 expression levels were detected by RT-PCR and western blot analysis. (I)
SIRT1 was identified as a target of miR-653-5p by dual-luciferase reporter assay. (J–L) HEI-OC1 cells were infected with LV-H19 or LV-NC, and then
stimulated with H2O2 or not. The SIRT1 expression levels were detected by RT-PCR and western blot analysis. (M,N) HEI-OC1 cells were co-
transfected with miR-653-5p mimic and LV-H19, and the corresponding negative controls. The SIRT1 expression levels were detected by RT-PCR
and western blot analysis. Data were shown as the mean±SD of three independent experiments. *P<0.05 vs NC, &P<0.05 vs mimic NC, $P<0.05
vs inhibitor NC, and #P<0.05 vs LV-NC.
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[26–28]. Moreover, knockdown of SIRT1 could reverse the effect of
H19 overexpression on cell viability, ATP level, mitochondrial
membrane potential, and increased ROS level and cell apoptosis.
These data supported that H19 inhibits oxidative stress injury of
cochlear hair cells via the miR-653-5p/SIRT1 pathway.

Our findings demonstrated the mechanism of H19/miR-653-5p/
SIRT1 in H2O2 stimulation-induced oxidative stress injury of co-
chlear hair cells, which may provide a new target for the treatment
of ARHL. To further investigate the H19/miR-653-5p/SIRT1 axis,
specimens from patients with hearing loss should be used and
studied, which will further validate the functions of H19. On the
other hand, different therapies or medicines can be used to treat
HEI-OC1 cells to help estimate the performance by detecting the
expression of H19 and the related regulation cascade. Prospective
detection of H19/miR-653-5p/SIRT1 expression and targeted inter-
vention of H19/miR-653-5p/SIRT1 may be a new strategy for the
diagnosis and treatment of ARHL.

In summary, this study demonstrates that H19/miR-653-5p/
SIRT1 is a new signaling axis which may modulate the biogenesis of

Figure 4. H19 inhibited H2O2--induced cochlear hair cell apoptosis via regulating miR-653-5p/SIRT1 axis HEI-OC1 cells were co-transfected with LV-
H19 and miR-653-5p mimic or SIRT1 interference sequence, and then stimulated with H2O2. (A) CCK8 assay for HEI-OC1 cell viability. (B) ATP
content in HEI-OC1 cells co-transfected with LV-H19, miR-653-5p mimic and si-SIRT1. (C,D) Representative JC-1 fluorescence micrographs of HEI-
OC1 cells co-transfected with LV-H19, miR-653-5p mimic and si-SIRT1. (E,F) Representative ROS fluorescence micrographs of HEI-OC1 cells co-
transfected with LV-H19, miR-653-5p mimic and si-SIRT1. (G,H) Annexin V/PI staining for cell apoptosis in HEI-OC1 cells co-transfected with LV-H19,
miR-653-5p mimic and si-SIRT1. Data were shown as the mean±SD of three independent experiments. #P<0.05 vs LV-NC, &P<0.05 vs mimic NC,
and $P<0.05 vs siRNA.

Figure 5. lncRNA H19 inhibits oxidative stress injury of cochlear hair
cells via the miR-653-5p/SIRT1 axis
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mitochondria to maintain the function of mitochondria and inhibit
oxidative stress injury to reduce cell apoptosis (Figure 5). Our re-
sults reveal the mechanism of H19 in H2O2 stimulation-induced
oxidative stress injury of cochlear hair cells, which may provide a
new target for the treatment of ARHL.
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Supplementary data is available at Acta Biochimica et Biophysica
Sinica online.
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