Zhang et al. Hereditas (2023) 160:18 Hereditas
https://doi.org/10.1186/541065-023-00283-y

Deciphering the potential ability of RG108 e

in cisplatin-induced HEI-OC1 ototoxicity:
a research based on RNA-seq and molecular
biology experiment

Dongdong Zhang "', Yixin Sun?**", Min Lei'?, Yue Wang' and Chengfu Cai'*’

Abstract

Background Drug-induced hearing loss (DIHL) is very common, and seriously affects people’s happiness in life.
RG108 is a small molecule inhibitor. RG108 is protective against DIHL. Our purpose is to probe the incidence of RG108
on cisplatin-induced ototoxicity.

Materials and methods [n our research, the ototoxicity of RG108 was investigated in HEI-OC1. We observed under
the microscope whether RG108 had an effect on cisplatin-induced cochlear hair cells. RNA-seq experiments were
further performed to explore possible gene ontology (GO) and pathways. ROS assay was applied to supervisory the
effect of RG108 on oxidative harm of auditory cells. In auditory cells, RG108 was tested for its effects on apoptosis-
related proteins by Western blotting (WB).

Results GO analysis showed that RG108 associated with apoptosis. KEGG analysis shows RG108 may act on PI3K-
AKT signaling pathway (PASP) in hearing loss. BIOCARTA analysis showed that RG108 may affect oxidative stress by
activating NRF2 pathway. ROS ascerted that RG108 could rescue oxidative harm in HEI-OC1. RG108 rescued cisplatin-
induced significant increase in Bax and significant decrease in BCL2. RG108 attenuates cisplatin-induced cochlear
apoptosis through upregulated phosphorylated PI3K and phosphorylated AKT and down-regulated caspase3. MTT
experiments showed that both PI3K and AKT inhibitors could significantly rescue the damage caused by cisplatin to
HEI-OC1. RG108 significantly increases the level of NRF2/HO-1/NQO1 in cisplatin-induced cells.

Conclusion Overall, these results provide evidence that NRF2/PI3K-AKT axis may mediate RG108 in the treatment of
DIHL, which provide a broader outlook on drug-induced deafness treatment.
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Introduction

Globally, hearing loss (HL) is one of the most prevalent
diseases, and its incidence is on the rise [1]. The most
familiar physiological cause of hearing loss is aging. But
there are many other factors associated with hearing loss,
such as: medications, trauma, etc. [2]. Cisplatin-induced
*Correspondence: deafness is usually irreversible, bilateral, progressive,
Chengfu Cai with an incidence of 20% -70% [3—10]. With the increase
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population is increasing. DIHL has become the focus and
hotspot of ear science research worldwide [11-13]. DIHL
is currently a great challenge in the world, and hearing
loss significantly affects people’s well-being and emo-
tions, so it has important research significance [14].

Although many studies have proposed the use of differ-
ent drugs for hearing protection, there are limitations to
their effectiveness. In our study, we explored the mecha-
nism of action between RG108 and deafness. We hope
that these mechanisms of action will be helpful for the
diagnosis and treatment of deafness. RG108 as DNMT1
plays a vital character in many biological behaviour [15].
Previous researches have shown that RG108 reduces oxi-
dative DNA damage and apoptosis of auditory cells after
noise exposure, and RG108 has a rescue effect on noise-
induced hearing loss [16]. This study mainly focused on
the mechanism of action of RG 108 on drug-induced
deafness. Apoptosis is considered to be an important part
of various processes. However, if normal cells undergo
excessive apoptosis, it will affect the normal health of the
body [17]. The ototoxicity of drugs is mainly manifested
in the promotion of apoptosis of cochlear hair cells [18].
Our study found that RG108 rescues drug-induced coch-
lear apoptosis to some extent.

A crucial transcription factor, NRF2 regulates cel-
lular oxidative stress responses and plays a crucial role
in maintaining cellular redox balance [19, 20]. NFE2L2
encodes the transcription factor Nrf2 [21, 22]. Activation
of Nrf2 can mediate antioxidant/anti-inflammatory sign-
aling pathways and affect apoptosis [23]. A number of
drugs have been developed to protect against ototoxicity:
Curcumin [24], Bucillamine [25], CDDO-Im [26] and so
on. PI3K-AKT signaling pathway (PASP) is the predomi-
nant apoptosis-related signaling pathway [27]. When the
PASP is waked in tumors, it can expedite the occurrence
and development of tumors [28—31]. When some specific
drugs can act on the PASP, it will affect the apoptosis of
cells, thereby affecting the survival of cells. Based on pre-
vious achievements, we explored whether RG108 has an
effect on the PASP, which in turn affects the apoptosis
process of cochlear hair cells.

Genome sequencing technology is currently widely
used in scientific research [32, 33], and schools and
research institutions around the world are combining
their research topics with sequencing. At present, our
research group has made full use of next-generation
sequencing technology. By analyzing the biological func-
tions and pathways of drugs on cochlear hair cells, we
can outline the mechanism of RG108 on deafness at the
molecular level.

In this study, we experimentally confirmed that RG108,
as a small molecule inhibitor, can rescued cisplatin-
induced apoptosis of cochlear hair cells. RNA-seq was
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used to investigated the mechanism of RG108 inhibiting
cisplatin-induced ototoxicity. Further phenotypic experi-
ments, WB and ROS confirmed that RG108 had effect in
drug-induced deafness. RG108 regulates NRF2-antiox-
idative stress signaling, which is ideal for preventing or
treating drug-induced deafness.

Materials and methods

Acquisition of HEI-OC1 and RG108

HEI-OC1 (The House Ear Institute-Organ of Corti 1)
cells come from mouse, and has been used worldwide to
study apoptosis pathway, oxidative stress, inflammation
and so on [34]. As a DNA methylation inhibitor, RG108
(Selleck Chemicals, USA; S2821), and it has been used
extensively to treat tumors, including esophageal, endo-
metrial, and prostate cancers [35-37], etc. Cisplatin (Sell-
eck Chemicals, USA; S1166), it has been shown that this
anti-tumor drug plays a crucial role in solid tumors, such
as testicular cancer, breast cancer, [38—41]. HEI-OC1
cells were donated by Fudan University. RG108 and cispl-
atin were purchased from Selleck Chemicals Biotechnol-
ogy Co., Ltd.

Cell culture

HEI-OC1 cell line was cultured in 2.5% fetal bovine
serum (Cat: 10099141C) high glucose DMEM (without
antibiotics) (SKU: 06-1055-57-1A) (37 °C, 5% CO2).
Both RG108 and cisplatin were dissolved in DMSO. As
per the instructions of the manufacturer, we conducted
a dissolution experiment, and stored at -20 °C using
1.5 ml centrifuge tube. We treated HEI-OC1 with differ-
ent titers of DMSO (called control group), cisplatin, cis-
platin+RG108, RG108 for 24 h. Observed the state of
each group of cells under a light microscope to further
explore whether RG108 will affect the phenotype of HEI-
OCI1. In addition, mycoplasma was detected every month
to ensure that the mycoplasma of cultured cells was neg-
ative. All cells were cultured in 10 cm culture dish, and
the cell density was maintained at 70%, and passage after
trypsin (Merck Reagent; CAS: 9002—-07-7) digestion.

RNA-seq

This sequencing was completed by Amor Gene Xiamen
Biotechnology Co., Ltd. in Xiamen, Fujian Province,
China, and the collection of sequencing samples was
completed according to the company’s requirements.
Each group took 3 replicates. The phenotypic changes of
cells in different treatment groups were observed under
a microscope (Japan; Olympus). To further explore
the mechanism of RG108 on cochlear hair cell, we per-
formed next-generation biological sequencing (mRNA-
seq) in different treatment groups. The sequencing
experiments were designed as DMSO, cisplatin, RG108,



Zhang et al. Hereditas (2023) 160:18

cisplatin + RG108. Three plates of cells were prepared for
each tranches. The cells were disposed with DMSO solu-
tion (control), 30um cisplatin (CIS), 30um cisplatin and
100um RG108 (CIS+RG108), and 100um RG108. Each
group was tested for mycoplasma before collection. The
number of cells in each test tube is maintained at 5 x 106
to ensure that no mycoplasma contamination occurs.
The cells were collected and placed in test tubes after
strict collection procedures, and TRIZOL (Invitrogen;
Cat:15596018) was added to store at -80 °C.

RNA extraction

According to the manufacturer’s requirements, and all
RNA was extracted from cells using chloroform reagent.
After successful extraction, the RNA was stored in the
cryopreserved tube, and the subsequent experiments
were carried out by the biological sequencing company.

Primary data processing

FASTQ (0.19.3) was used for data filtering. STAR
(2.7.3a) was used for genome alignment. Annovar
(2020-06-07) for genome annotation. RSeQC (v2.6.4)
was used for post-comparison quality control. Cufflinks
(v2.2.1). Transcript quantification. Statistical analysis/
plotting (R 4.0.3) [42].

Bioinformatics analysis of RNA-seq

Analysis of raw data was done by sequencing compa-
nies. Examining the effects of cisplatin treatment group
on auditory cells. We first performed the bioinformatic
analysis of DMSO group and CIS group, and we set the
threshold of differential gene screening as P<0.05, |[LOG
fold change|>1, fold change was twofold. The obtained
differential expressed genes are subjected to the next
subsequent analysis. Studying the effect of RG108 treat-
ment on auditory cells. We further performed the bioin-
formatic analysis of CIS group and CIS+RG108 group,
and we set the threshold of differential gene screening as
P<0.05, |LOG fold change|> 1, fold change was twofold.
The obtained differential expressed genes are subjected
to the next subsequent analysis. Data is presented in the
form of volcano maps and heat maps.

DAVID database

The DAVID database (https://david.ncifcrf.gov/) is cur-
rently widely used in the field of bioinformatics. Due to
the complexity and complexity of biological research, the
DAIVD database has become the most popular biologi-
cal function prediction database [43]. GO analysis data
Genome enrichment analysis, used to study the gene
sets of interest are mainly enriched in those biological
processes [44, 45]. KEGG [46] and BIOCARTA analysis
are pathway analysis, which is mainly used to study the
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gene sets of interest are mainly involved in pathways. The
selected genes meet P<0.05, |LOG fold change|> 2, fold
change was twofold.

STRING database

In order to study the effects of RG108 on auditory cells
in more detail. We performed an analysis of cisplatin and
cisplatin 4108 group. We further indent the threshold.
The selected genes meet P<0.05, |LOG fold change|> 3,
fold change was twofold. Enter the grouped genes into
the STRING database (http://string-db.org) [47] for anal-
ysis and set the threshold to the minimum required inter-
action score: 0.400.

Cytoscape database and MCODE/Clue-GO plug-in
Cytoscape (https://cytoscape.org/) [48] is a software used
to process pictures, which has rich functions. The above
TSV file data cytoscape database for subsequent analysis,
looking for core genes. MCODE is a plug-in in cytoscape
software, which has the algorithm function and can be
connected to the public database to analyze the input
files. Set the threshold to degree cutoff: 12, K-Core=4.
Clue-GO is a biological function plug-in that comes
with cytoscae software, which can perform enrichment
analysis on gene sets of interest. We performed enrich-
ment analysis for gene sets that met the following thresh-
olds P<0.05, |LOG fold change|>3, fold change was
twofold,The result filter condition is P<0.05.

Reactive oxygen species (ROS)

Use kits to detect intracellular reactive oxygen species
production, using fluorescent probes. Treat cells with
suitable concentrations of drugs and dye them with fuel.
2,7’-Dichlorodihydrofluorescein diacetate (DCFH-DA)
and Dihydroethidium (DHE) probe functioning solu-
tion (10 u m, Beyotime, S0033) was entried to a six-well
plate and the plate was incubated at 37 °C for 30 min. A
Leica SP8 laser scanning confocal microscope was used
to observe fluorescence, and Image ] was used to quantify
strong and weak fluorescence.

Western blot
The treated cells were collected and protein was extracted
for quantitative analysis.

The adherent cells were washed three times with PBS,
digested with trypsin, centrifuged, and collected into the
centrifuge tube. According to the number of cells to join the
appropriate amount of RIPA ( mixed with PMSF and cock-
tail) (Cloudy sky; cat: P0013C), ice bath 30 min, 12000 g
centrifugal 5 min, collect supernatant for protein. Using the
BCA protein concentration determination kit, the protein
concentration was determined. The HEI-OC1 was sepa-
rated by 10% SDS polyacrylamide gel and transferred to
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polyvinylidene fluoride membranes. Further blocked with
5% BSA, and incubated with anti GAPDH, ACTIN, NRF2,
BCL2, BAX, P-PI3K, P-AKT, PI3K,Caspase3,HO-1,NQOI
and AKT (Cell Signaling Technology) for 4 degrees over-
night (All antibody configurations follow manufacturer
instructions). All antibodies were purchased from sigma
Aldrich and were responsible by Xiamen agents in China.
Oxidase coupled secondary antibody (sigma Aldrich,
1:1000 dilution, 2 h, room temperature shaking table)
was added, and the signal was obtained using ECL system
(sigma Aldrich). Image] software was used to quantify pro-
tein bands. GAPDH and actin were used as loading con-
trols to standardize relative expression.

Statistical analysis

P-values<0.05 was statistically significant. In order to
show the difference between the two groups by statisti-
cal significance, we use the statistical method used was
ANOVA or unpaired student’s t test. The calculation
software used is Graphpad Prism 8. Analyses were con-
ducted with R software (version 3.6.3) [49].

Results

RG108 pretreatment significantly reduced the damage

of HEI-OC1 induced by cisplatin

The research steps of this manuscript are presented in
the form of a flow chart in Fig. 1. We use ordinary micro-
scope to observe the morphological changes of HEI-OC1

. -
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Fig. 1 The schematic flow chart of the study
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in different treatment groups. The results are obvious. The
morphology of HEI-OC1 cells in cisplatin injury group has
changed significantly compared with the control group. Of
course, there is no obvious morphological abnormality in
RG108 pretreatment group compared with cisplatin injury
group. We can see from the pictures of the bright field that
the cell morphology of the RG108 pretreated group is sig-
nificantly better than that of the cisplatin group (Fig. 2).

RNA-seq analysis

Analysis of raw data was done by sequencing compa-
nies. Comparing the control group with the CIS, we
obtained a total of 2539 differentially expressed genes
(DEGs), of which 1525 genes were up-regulated and
1014 genes were down-regulated. Comparing CIS
with CIS +RG108, we obtained a total of 583 DEGs, of
which 173 genes were up-regulated and 410 genes were
down-regulated. Threshold was set at P<0.05, |[LOG2
fold change|>1. DEGs were displayed in the form of
volcano plots and heat maps, respectively (Fig. 3A-D).
Principal component analysis (PCA) of each sequenc-
ing sample is shown in Fig. 3E-F.

GO, KEGG and BIOCARTA analysis of DMSO group and CIS

group
We used the DAVID database to analyze DEGs, and
threshold was set at P<0.05, [LOG2 fold change|> 2.

Volcano and heatmap (P < 0.05, LOGIFC[21)
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Fig. 2 Drug-induced changes in cell state. The morphological changes of HEI-OC1 under different treatment conditions were observed in the open

field. scale: 100 um

Compared DMSO group with cisplatin group, the up-
DEGs were enriched in nucleosome assembly, DNA
replication-dependent nucleosome assembly, posi-
tive regulation of apoptotic process, regulation of gene
silencing, negative regulation of cell proliferation, and
inflammatory response in BP. Up-DEGs were enriched
in nucleosome, extracellular region, extracellular space,
nuclear chromosome, cornified envelope, and membrane
in CC. Up-DEGs were enriched in cytokine activity,
growth factor activity, structural constituent of chroma-
tin, protein heterodimerization activity, protein tyros-
ine/threonine phosphatase activity, and MAP kinase
tyrosine/serine/threonine phosphatase activity in MF.
Up-DEGs were enriched in Systemic lupus erythemato-
sus, Alcoholism, Neutrophil extracellular trap formation,
Transcriptional misregulation in cancer, TNF signaling
pathway, and IL-17 signaling pathway in KEGG. Up-
DEGs were enriched in Regulation of hematopoiesis by
cytokines, Erythrocyte Differentiation Pathway, Regula-
tion of MAP Kinase Pathways Through Dual Specific-
ity Phosphatases, ATM Signaling Pathway, and Nerve
growth factor pathway (NGF) in BIOCARTA (Table 1)
(Fig. 4A). Compared DMSO group with cisplatin group,
the down-DEGs were enriched in establishment of cell
polarity, brain development, extracellular matrix organi-
zation, nervous system development, Golgi organization,
and protein transport in BP. Down-DEGs were enriched

in membrane, cytoplasm, Golgi apparatus, T-tubule,
neuron projection, and cytoskeleton in CC. Down-DEGs
were enriched in nucleotide binding, phosphatidylinosi-
tol binding, ATP binding, guanyl-nucleotide exchange
factor activity, actin filament binding, and calcium-
dependent protein kinase C activity in MF. Down-DEGs
were enriched in Rapl signaling pathway, Axon guidance,
Long-term depression, Aldosterone synthesis and secre-
tion, Focal adhesion, and Phosphatidylinositol signaling
system in KEGG. Down-DEGs were enriched in Phos-
pholipase C d1 in phospholipid associated cell signaling
in BIOCARTA (Table2) (Fig. 4B).

GO, KEGG and BIOCARTA analysis of CIS group

and CIS+RG108 group

Compared CIS group with CIS+RG108 group, the up-
DEGs were mainly fasten in protein transport, small
GTPase mediated signal transduction, establishment
of cell polarity, Golgi to endosome transport, regula-
tion of release of sequestered calcium ion into cytosol,
and activation of GTPase activity in BP. Up-DEGs were
mainly fasten in Golgi apparatus, cytoplasm, membrane,
cytosol, cytoskeleton, and cell periphery in CC. Up-
DEGs were mainly fasten in phosphatidylinositol bind-
ing, small GTPase binding, guanyl-nucleotide exchange
factor activity, actin filament binding, nucleotide bind-
ing, and GTPase activator activity in ME. Up-DEGs were
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Fig. 3 Volcano plot and heatmap of DEGs. A Volcano plot of DEGs. DEGs between DMSO and CIS. B Heatmap of DEGs. DEGs between DMSO and
CIS. € Volcano plot of DEGs. DEGs between CIS and CIS+RG108. D Heatmap of DEGs. DEGs between CIS and CIS+RG108. E PCA analysis result of

DMSO and CIS. F PCA analysis result of CIS and CIS+RG108
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Table 1 GO, KEGG and BIOCARTA analysis based on DAVID. (Up-DEGs between DMSO with CIS)
GO Category Count -Log2(P Value)
GOTERM_BP_DIRECT GO:0006334 ~nucleosome assembly 22 42403049
GOTERM_BP_DIRECT GO:0006335 ~ DNA replication-dependent nucleosome assembly 11 27.74878128
GOTERM_BP_DIRECT GO:0043065 ~ positive regulation of apoptotic process 29 21.32817221
GOTERM_BP_DIRECT G0:0060968 ~ regulation of gene silencing 6 16.60892704
GOTERM_BP_DIRECT GO:0008285 ~ negative regulation of cell proliferation 28 16.45457063
GOTERM_BP_DIRECT GO:0006954 ~inflammatory response 26 15.93301132
GOTERM_BP_DIRECT GO:0000786 ~ nucleosome 24 40.02493217
GOTERM_BP_DIRECT GO:0005576 ~extracellular region 87 27.93206549
GOTERM_BP_DIRECT GO:0005615 ~extracellular space 85 22.10672588
GOTERM_BP_DIRECT G0:0000228 ~ nuclear chromosome 1 20.94169347
GOTERM_CC_DIRECT GO:0001533 ~cornified envelope 10 15.2297727
GOTERM_CC_DIRECT GO:0016020 ~membrane 204 12.79847186
GOTERM_CC_DIRECT GO:0005125 ~cytokine activity 23 2205968309
GOTERM_CC_DIRECT GO0:0008083 ~ growth factor activity 17 18.742172
GOTERM_CC_DIRECT GO:0030527 ~structural constituent of chromatin 5 15.99923777
GOTERM_CC_DIRECT G0:0,046,982 ~ protein heterodimerization activity 25 13.51717047
GOTERM_CC_DIRECT GO:0008330 ~ protein tyrosine/threonine phosphatase activity 5 12.88292008
GOTERM_CC_DIRECT GO:0017017 ~ MAP kinase tyrosine/serine/threonine phosphatase activity 5 11.8276452
GOTERM_CC_DIRECT mmu05322:Systemic lupus erythematosus 21 2848228567
GOTERM_CC_DIRECT mmu05034:Alcoholism 22 2265126955
GOTERM_MF_DIRECT mmu04613:Neutrophil extracellular trap formation 22 2241079607
GOTERM_MF_DIRECT mmu05202:Transcriptional misregulation in cancer 20 16.57777767
GOTERM_MF_DIRECT mmu04668:TNF signaling pathway 14 16.49493421
GOTERM_MF_DIRECT mmu04657:1L-17 signaling pathway 12 14.60610374
GOTERM_MF_DIRECT m_stemPathway:Regulation of hematopoiesis by cytokines 6 11.73475312
GOTERM_MF_DIRECT m_erythPathway:Erythrocyte Differentiation Pathway 6 11.2031028
GOTERM_MF_DIRECT m_dspPathway:Regulation of MAP Kinase Pathways Through Dual Specific- 5 11.01320069
ity Phosphatases
GOTERM_MF_DIRECT m_atmPathway:ATM Signaling Pathway 5 6.317244644
GOTERM_MF_DIRECT m_ngfPathway:Nerve growth factor pathway (NGF) 5 5.6012101
GOTERM_MF_DIRECT GO:0006334 ~nucleosome assembly 22 42403049
KEGG_PATHWAY GO:0006335 ~ DNA replication-dependent nucleosome assembly 11 27.74878128
KEGG_PATHWAY GO:0043065 ~ positive regulation of apoptotic process 29 21.32817221
KEGG_PATHWAY GO:0060968 ~ regulation of gene silencing 6 16.60892704
KEGG_PATHWAY G0:0008285 ~ negative regulation of cell proliferation 28 16.45457063
KEGG_PATHWAY GO:0006954 ~ inflammatory response 26 15.93301132
KEGG_PATHWAY GO:0000786 ~ nucleosome 24 40.02493217
KEGG_PATHWAY GO:0005576 ~ extracellular region 87 27.93206549
KEGG_PATHWAY GO:0005615 ~ extracellular space 85 22.10672588
KEGG_PATHWAY GO:0000228 ~nuclear chromosome 11 20.94169347
KEGG_PATHWAY GO:0001533 ~ cornified envelope 10 15.2297727
BIOCARTA GO:0016020 ~membrane 204 12.79847186
BIOCARTA GO:0005125 ~ cytokine activity 23 22.05968309
BIOCARTA GO0:0008083 ~ growth factor activity 17 18.742172
BIOCARTA GO:0030527 ~structural constituent of chromatin 5 15.99923777
BIOCARTA GO:0046982 ~ protein heterodimerization activity 25 13.51717047
BIOCARTA GO:0008330 ~ protein tyrosine/threonine phosphatase activity 5 12.88292008
BIOCARTA GO:0017017 ~MAP kinase tyrosine/serine/threonine phosphatase activity 5 11.8276452
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Fig. 4 Gene ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG) and BIOCARTA analysis of DEGs. BP: Biological Process, CC: cellular
component, MF: molecular function, KEGG: Kyoto Encyclopedia of Genes and Genomes. A GO, KEGG and BIOCARTA analysis between DMSO and

CIS in UP-DEGs.) GO, KEGG and BIOCARTA analysis between DMSO and CIS in Down-DEGs. C GO, KEGG and BIOCARTA analysis between CIS and

CIS4+RG108 in UP-DEGs. D GO, KEGG and BIOCARTA analysis between CIS and CIS+RG108 in Down-DEGs
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GO Category Count -Log2(P Value)
GOTERM_BP_DIRECT GO:0030010 ~establishment of cell polarity 6 4.84265555
GOTERM_BP_DIRECT GO:0007420 ~ brain development 10 9.291692541
GOTERM_BP_DIRECT GO:0030198 ~extracellular matrix organization 8 8.723977207
GOTERM_BP_DIRECT GO:0007399 ~ nervous system development 12 7.879202652
GOTERM_BP_DIRECT GO:0007030 ~ Golgi organization 6 7.848307704
GOTERM_BP_DIRECT GO:0015031 ~ protein transport 15 7.756581427
GOTERM_BP_DIRECT GO:0016020 ~membrane 100 17.7794164
GOTERM_BP_DIRECT GO:0005737 ~cytoplasm 105 1641697626
GOTERM_BP_DIRECT GO:0005794 ~ Golgi apparatus 31 13.40458113
GOTERM_BP_DIRECT GO:0030315 ~T-tubule 6 11.00613272
GOTERM_CC_DIRECT GO:0043005 ~ neuron projection 15 8.74749388
GOTERM_CC_DIRECT GO:0005856 ~ cytoskeleton 26 8386444372
GOTERM_CC_DIRECT GO:0000166 ~ nucleotide binding 33 11.0905486
GOTERM_CC_DIRECT GO:0035091 ~ phosphatidylinositol binding 6 7.733881177
GOTERM_CC_DIRECT GO:0005524 ~ ATP binding 27 7467695552
GOTERM_CC_DIRECT GO:0005085 ~ guanyl-nucleotide exchange factor activity 8 7.030604737
GOTERM_CC_DIRECT GO:0051015 ~actin filament binding 8 6.842845867
GOTERM_CC_DIRECT GO:0004698 ~ calcium-dependent protein kinase C activity 3 6.508653954
GOTERM_CC_DIRECT mmu04015:Rap1 signaling pathway 11 13.97604962
GOTERM_CC_DIRECT mmu04360:Axon guidance 8 8.657491879
GOTERM_MF_DIRECT mmu04730:Long-term depression 5 8.273286919
GOTERM_MF_DIRECT mmu04925:Aldosterone synthesis and secretion 6 8.025647526
GOTERM_MF_DIRECT mmu04510:Focal adhesion 8 7.819253967
GOTERM_MF_DIRECT mmu04070:Phosphatidylinositol signaling system 5 5.905605906
GOTERM_MF_DIRECT m_plcdPathway:Phospholipase C d1 in phospholipid associated cell 2 4333272899
signaling
GOTERM_MF_DIRECT GO:0030010 ~ establishment of cell polarity 6 14.84265555
GOTERM_MF_DIRECT GO:0007420 ~ brain development 10 9.291692541
GOTERM_MF_DIRECT GO:0030198 ~ extracellular matrix organization 8 8.723977207
GOTERM_MF_DIRECT GO:0007399 ~ nervous system development 12 7.879202652
GOTERM_MF_DIRECT GO:0007030 ~ Golgi organization 6 7.848307704
KEGG_PATHWAY GO:0015031 ~ protein transport 15 7.756581427
KEGG_PATHWAY GO:0016020 ~membrane 100 17.7794164
KEGG_PATHWAY GO:0005737 ~ cytoplasm 105 1641697626
KEGG_PATHWAY GO:0005794 ~ Golgi apparatus 31 13.40458113
KEGG_PATHWAY GO:0030315 ~T-tubule 6 11.00613272
KEGG_PATHWAY GO:0043005 ~ neuron projection 15 8.74749388
KEGG_PATHWAY GO:0005856 ~ cytoskeleton 26 8.386444372
KEGG_PATHWAY GO:0000166 ~nucleotide binding 33 11.0905486
KEGG_PATHWAY GO:0035091 ~ phosphatidylinositol binding 6 7.733881177
KEGG_PATHWAY GO:0005524 ~ ATP binding 27 7467695552
BIOCARTA GO:0005085 ~ guanyl-nucleotide exchange factor activity 8 7.030604737

DNA binding, and nucleosomal DNA binding in MFE.
Down-DEGs were mainly fasten in mmu05322:Systemic
lupus erythematosus, Cytokine-cytokine receptor
interaction, Alcoholism, Neutrophil extracellular trap
formation, TNF signaling pathway, IL-17 signaling
pathway, Viral carcinogenesis, Rheumatoid arthritis,

Transcriptional misregulation in cancer, MAPK signal-
ing pathway, cAMP signaling pathway, Estrogen signal-
ing pathway, PI3K-Akt signaling pathway, Fluid shear
stress and atherosclerosis, Staphylococcus aureus infec-
tion, Viral protein interaction with cytokine and cytokine
receptor, AGE-RAGE signaling pathway in diabetic
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Table 3 GO, KEGG and BIOCARTA analysis based on DAVID. (Up-DEGs between CIS with CIS+RG108)
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GO Category Count -Log2(P Value)
GOTERM_BP_DIRECT GO:0015031 ~ protein transport 16 14.06367655
GOTERM_BP_DIRECT GO:0007264 ~ small GTPase mediated signal transduction 6 10.02721346

GOTERM_BP_DIRECT G0O:0030010 ~ establishment of cell polarity 4 8.62636484
GOTERM_BP_DIRECT GO:0006895 ~ Golgi to endosome transport 3 7.832803239
GOTERM_BP_DIRECT GO:0051279 ~regulation of release of sequestered calcium ion into cytosol 3 7.273426947
GOTERM_BP_DIRECT GO:0090630 ~ activation of GTPase activity 5 7.128440831
GOTERM_BP_DIRECT GO:0005794 ~ Golgi apparatus 29 19.91688185
GOTERM_BP_DIRECT GO:0005737 ~cytoplasm 81 17.832984
GOTERM_BP_DIRECT GO:0016020 ~membrane 75 16411267
GOTERM_BP_DIRECT GO:0005829 ~ cytosol 46 8.691662953
GOTERM_CC_DIRECT GO:0005856 ~ cytoskeleton 20 7.708253097
GOTERM_CC_DIRECT GO:0071944 ~ cell periphery 5 7.673792745
GOTERM_CC_DIRECT GO:0035091 ~ phosphatidylinositol binding 8 15.93080634
GOTERM_CC_DIRECT GO:0031267 ~small GTPase binding 9 9.466179022
GOTERM_CC_DIRECT G0:0005085 ~ guanyl-nucleotide exchange factor activity 89.440037152

GOTERM_CC_DIRECT GO:0051015 ~actin filament binding 7 7.061705217
GOTERM_CC_DIRECT GO:0000166 ~ nucleotide binding 23 6.964765007
GOTERM_CC_DIRECT GO:0005096 ~ GTPase activator activity 7 6.72004668
GOTERM_CC_DIRECT mmu04015:Rap1 signaling pathway 8 9.690665567
GOTERM_CC_DIRECT mmu04510:Focal adhesion 7 7.858315603
GOTERM_MF_DIRECT mmu04925:Aldosterone synthesis and secretion 5 7.025230162
GOTERM_MF_DIRECT mmu04922:Glucagon signaling pathway 5 6.927963163
GOTERM_MF_DIRECT mmu04360:Axon guidance 6 6.328858772
GOTERM_MF_DIRECT mmu04720:Long-term potentiation 4 6.097971446
GOTERM_MF_DIRECT m_agrPathway:Agrin in Postsynaptic Differentiation 3 4881046309
GOTERM_MF_DIRECT GO:0015031 ~ protein transport 16 14.06367655
GOTERM_MF_DIRECT G0:0007264 ~ small GTPase mediated signal transduction 6 10.02721346
GOTERM_MF_DIRECT GO0:0030010 ~ establishment of cell polarity 4 8.62636484
GOTERM_MF_DIRECT G0:0006895 ~ Golgi to endosome transport 3 7.832803239
GOTERM_MF_DIRECT GO:0051279 ~ regulation of release of sequestered calcium ion into cytosol 3 7.273426947
KEGG_PATHWAY GO:0090630 ~ activation of GTPase activity 5 7.128440831
KEGG_PATHWAY GO:0005794 ~ Golgi apparatus 29 19.91688185
KEGG_PATHWAY GO:0005737 ~ cytoplasm 81 17.832984
KEGG_PATHWAY GO:0016020 ~membrane 75 16411267
KEGG_PATHWAY GO:0005829 ~ cytosol 46 8.691662953
KEGG_PATHWAY GO:0005856 ~ cytoskeleton 20 7.708253097
KEGG_PATHWAY GO:0071944 ~ cell periphery 5 7.673792745
KEGG_PATHWAY GO:0035091 ~ phosphatidylinositol binding 8 15.93080634
KEGG_PATHWAY GO:0031267 ~ small GTPase binding 9 9466179022
KEGG_PATHWAY GO:0005085 ~guanyl-nucleotide exchange factor activity 8 9440037152
BIOCARTA GO:0051015 ~actin filament binding 7 7.061705217

complications, and Amphetamine addiction in KEGG.
Down-DEGs were mainly fasten in Regulation of MAP
Kinase Pathways Through Dual Specificity Phosphatases,
Nerve growth factor pathway (NGF), Regulation of
hematopoiesis by cytokines, Erythrocyte Differentia-
tion Pathway, Oxidative Stress Induced Gene Expression

Via NRF2, and IL 6 signaling pathway in BIOCARTA
(Table 4) (Fig. 4D). We are more concerned about the
PI3K-AKT and NRF2 signaling pathways, because these
two pathways have been confirmed to be closely related
to apoptosis, and the occurrence of deafness is auditory
cell apoptosis. Based on the above findings, we wanted to
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Table 4 GO, KEGG and BIOCARTA analysis based on DAVID. (Down-DEGs between CIS with CIS +RG108)
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GO Category Count -Log2(P Value)
GOTERM_BP_DIRECT GO:0006334 ~ nucleosome assembly 22 57.66454231
GOTERM_BP_DIRECT GO:0006335 ~ DNA replication-dependent nucleosome assembly 10 30.27275398
GOTERM_BP_DIRECT GO0:0060968 ~ regulation of gene silencing 6 20.33188326
GOTERM_BP_DIRECT GO:0051591 ~response to CAMP 9 19.9964746
GOTERM_BP_DIRECT GO:0016525 ~ negative regulation of angiogenesis 1 18.86607398
GOTERM_BP_DIRECT GO0:0008285 ~ negative regulation of cell proliferation 21 17.30607279
GOTERM_BP_DIRECT GO:0000786 ~ nucleosome 23 52.68081271
GOTERM_BP_DIRECT GO:0005615 ~extracellular space 70 39.16518262
GOTERM_BP_DIRECT GO:0005576 ~ extracellular region 60 27.78074552
GOTERM_BP_DIRECT G0:0000228 ~ nuclear chromosome 10 24.06682693
GOTERM_CC_DIRECT GO:0031012 ~extracellular matrix 14 11.84546899
GOTERM_CC_DIRECT G0:0001533 ~ cornified envelope 7 11.55713079
GOTERM_CC_DIRECT GO:0005125 ~ cytokine activity 20 2737639108
GOTERM_CC_DIRECT GO:0008083 ~ growth factor activity 14 20.21950581
GOTERM_CC_DIRECT GO:0046982 ~ protein heterodimerization activity 22 20.09644873
GOTERM_CC_DIRECT GO:0030527 ~ structural constituent of chromatin 5 18.90260936
GOTERM_CC_DIRECT G0:0003677 ~DNA binding 51 13.59133025
GOTERM_CC_DIRECT G0:0031492 ~nucleosomal DNA binding 5 11.73647731
GOTERM_CC_DIRECT mmu05322:Systemic lupus erythematosus 19 33.78373863
GOTERM_CC_DIRECT mmu04060:Cytokine-cytokine receptor interaction 23 2747096385
GOTERM_MF_DIRECT mmu05034:Alcoholism 19 26.09629208
GOTERM_MF_DIRECT mmu04613:Neutrophil extracellular trap formation 18 23.29859253
GOTERM_MF_DIRECT mmu04668:TNF signaling pathway 12 17.9973151
GOTERM_MF_DIRECT mmu04657:IL-17 signaling pathway 11 17.81081119
GOTERM_MF_DIRECT m_dspPathway:Regulation of MAP Kinase Pathways Through Dual Specificity 4 8.521766816
Phosphatases
GOTERM_MF_DIRECT m_ngfPathway:Nerve growth factor pathway (NGF) 5 7.250046074
GOTERM_MF_DIRECT m_stemPathway:Regulation of hematopoiesis by cytokines 4 6.579771454
GOTERM_MF_DIRECT m_erythPathway:Erythrocyte Differentiation Pathway 4 6.292419207
GOTERM_MF_DIRECT m_arenrf2Pathway:Oxidative Stress Induced Gene Expression Via Nrf2 4 5339674577
GOTERM_MF_DIRECT m_iléPathway:IL 6 signaling pathway 4 4448413649
KEGG_PATHWAY G0:0006334 ~ nucleosome assembly 22 57.66454231
KEGG_PATHWAY GO:0006335 ~ DNA replication-dependent nucleosome assembly 10 30.27275398
KEGG_PATHWAY G0:0060968 ~ regulation of gene silencing 6 20.33188326
KEGG_PATHWAY GO:0051591 ~response to CAMP 9 19.9964746
KEGG_PATHWAY GO:0016525 ~ negative regulation of angiogenesis 11 18.86607398
KEGG_PATHWAY G0:0008285 ~ negative regulation of cell proliferation 21 17.30607279
KEGG_PATHWAY GO:0000786 ~ nucleosome 23 52.68081271
KEGG_PATHWAY GO:0005615 ~ extracellular space 70 39.16518262
KEGG_PATHWAY GO:0005576 ~ extracellular region 60 27.78074552
KEGG_PATHWAY GO:0000228 ~ nuclear chromosome 10 2406682693
BIOCARTA GO:0031012 ~ extracellular matrix 14 11.84546899

further confirm whether RG108 could rescue cisplatin-  genes into the STRING online database, including 44 up-
induced apoptosis. regulated genes and 140 down-regulated genes (Table 5).

Protein—protein interaction detection was performed on
STRING analysis these genes, and some genes with low correlation were
To explore the pivotal genes that RG108 plays a protec-  filtered out. The results are shown in Fig. 5. The output
tive role in drug-induced deafness, we imported 184 is number of nodes: 152, number of edges:102, average
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node degree:1.34, avg. local clustering coefficient: 0.337,
expected number of edges:53, and PPI enrichment
p-value: 1.49e-09.

MCODE/Clue-GO plug-in analysis

Using the clue-go plugin to analyze the genes, the result
is that 184 genes are enriched in DNA-damage/Tel-
omere stress induced senescence (93.55%), Apoptosis
induced DNA fragmentation (4.84%), and formation of
the cornified envelope (1.61%). And the analysis results
are shown in the Fig. 6A-C. Using the MCODE plugin
in the cytoscae software, set the threshold to degree
cutoff: 12, K-Core =4. The overall PPI network consists
of 73 nodes and 204 edges. Seven hub genes (Histlhle,
Hist1h2bh, Histlh4j, Hist3h2a, Histlhla, Histlh3f,
and Hist1h2bb) were identified in key modules, and
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x

Fig. 5 Protein—protein interaction network analysis in STRING database
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the yellow circles represent the core genes. Based on
MCODE, salient modules (7 nodes 36 edges) were
selected from the PPI network. The results are shown in
Fig. 6D.

RG108 downgrade cisplatin initiated ROS in HEI-OC1 cells
We inspected the fruitage of ROS with the mitochon-
drial specific ROS index DCFH-DA and DHE to inspect
whether RG108 can alleviate cellular oxidative stress. It
can be seen that the fruitage of ROS initiated by cisplatin
is distinguished up-regulated, while the pretreatment
of RG108 2 h in advance can significantly reduce the
induction of ROS. Moreover, the use of RG108alone will
not have an impact on ROS of HEI-OC1. Various signs
show the protective effect of RG108 on cisplatin injury
(Fig. 7A-B).
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Fig. 6 Functional enrichment analysis and pathway enrichment analysis based on cytoscape. A GO analysis and KEGG analysis of 184 genes
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Fig. 7 ROS detected by DCFH-DA and DHE staining. A Fluorescence images from four groups (DMSO, CIS, CIS 4 RG108, RG108) and Measure the
fluorescence intensity with ImageJ software by DCFH-DA staining. Data are expressed as mean 4= SD, n=3,*** P<0.0001 compared with the
control group. Compared with cisplatin group, ###p <0.0001. scale: 100 u m. B Fluorescence images from four groups (DMSO, CIS, CIS +RG108,
RG108) and Measure the fluorescence intensity with ImageJ software by DHE staining. Data are expressed as mean £ SD, n=3,**** P<0.0001
compared with the control group. Compared with cisplatin group, *#*p <0.001. scale: 100 p m

RG108 alleviates cisplatin induced cochlear cell apoptosis
in vitro through up-regulated PI3K / AKT pathway

and down-regulated caspase3

To explore the secret of RG108 on cochlear hair cell
apoptosis, the expression of Bcl-2 family proteins was
inspected by Western blot in cisplatin injured cells.

Cisplatin induced a significant increase in Bax and a sig-
nificant decrease in Bcl-2 (Fig. 8A-C). Then, we detected
the main molecules of PI3K / AKT signaling pathway.
Downregulation of P-PI3K and P-AKT in cisplatin
injured group was detected. Encouragingly, pretreatment
with RG108 can significantly up regulate P-PI3K and
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Fig. 8 In auditory cells (HEI-OC1) cells, BAX was up-regulated and BCL2 was down-regulated after cisplatin injury, but RG108 reversed this
phenomenon. A Western blotting was used to detect BCL2, BAX protein levels in HEI-OC1 cells treated with DMSO, CIS, CIS +RG108, RG108. B Use
ImageJ to analyze the relative expression of BAX protein. C Use ImageJ to analyze the relative expression of BCL2 protein. Data are expressed as
mean = SD, n=3* P<0.001, * * * * P<0.0001, compared with the control group; Compared with cisplatin group, ¥ P<0.01, ## P<0.0001

P-AKT. Above research confirm our results that RG108
has a strong ability to resist cisplatin induced apoptosis
of HEI-OC1 cells (Fig. 9A-C). We detected the activa-
tion of Caspase-3 in the apoptotic signaling pathway,
and the results were obvious. Cisplatin caused obvious
activation of Caspase-3, and RG108 pretreatment could
alleviate this situation (Fig. 9D).We treated the cells with
PI3K and AKT inhibitors together with cisplatin. The
results showed that both the PI3K inhibitors LY294002
and Wortmannin, or the AKT inhibitors MK-2206 and
A-674563, could significantly rescue the damage of HEI-
OCI1 caused by cisplatin. It indicates that cisplatin may
damage cochlear hair cells through PI3K and AKT sign-
aling pathway (Fig. 10A-D).

RG108 stimulates oxidative stress pathway to resist
cisplatin induced HEI-OC1 injury

NRF2 is an antioxidant enzyme that cannot be ignored
in the process of biological oxidative stress. We

(See figure on next page.)

detected its expression. As shown in the figure, NRF2
in the cisplatin injury group increased slightly com-
pared with the control group. We speculate that it may
activate oxidative stress to resist cisplatin injury. How-
ever, importantly, NRF2 level increased significantly
after RG108 pretreatment, The quantitative results of
Fig. 11B also show that the difference between RG108
pretreatment and cisplatin alone injury group is sig-
nificant (P<0.01). These results highly suggest that
the resistance of RG108 to cisplatin injury is caused by
activating the expression of antioxidant enzyme NRF2
in oxidative stress (Fig. 11A-B). As for the targets of
NREF?2 signaling pathway, we selected HO-1 and NQO1
to detect their protein expression. It can be seen from
the figure that RG108 pretreatment can significantly
increase the expression of HO-1 and NQO1, which may
be very important to rescue the damage of cochlear
hair cells caused by Cisplatin (Fig. 11C). The mecha-
nism diagram is shown in Fig. 12.

Fig. 9 In auditory cells (HEI-OC1) cells, P-PI3K was down-regulated and P-AKT was down-regulated after cisplatin injury, but RG108 reversed this
phenomenon. However, RG108 had no effect on the expression of PI3K and AKT. Caspase-3 was up-regulated after cisplatin injury, but RG108
reversed this phenomenon. A Western blotting was used to detect P-PI3K, P-AKT, PI3K and AKT protein levels in HEI-OC1 cells treated with DMSO,
CIS, CIS+RG108, RG108. B Use Imagel to analyze the relative expression of P-PI3K/PI3K protein. C Use ImageJ to analyze the relative expression of
P-AKT/AKT protein. D Western blotting was used to detect Caspase-3 protein levels in HEI-OC1 cells treated with DMSO, CIS, CIS +RG108, RG108.
E Use Image] to analyze the relative expression of Caspase-3 protein. Data are expressed as mean £ SD, n=3,**** P<0.0001, compared with the

control group; Compared with cisplatin group, ** P<0.001, ## P<0.0001
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Discussion

As a worldwide public health event, deafness deserves
attention. By applying bioinformatics methods to ana-
lyze RG108-treated cells, we found that RG108, as a
small molecule inhibitor, plays an anti-apoptotic role in

(See figure on next page.)

drug-induced deafness and protects cochlear cells from
damage, and further confirmed our Analysis results. Our
results explored that RG108 plays a saviour character in
DIHL.

Fig. 11 In auditory cells (HEI-OC1) cells, NRF2, HO-1 and NQO1 were up-regulated after cisplatin injury, but NRF2, HO-1 and NQO1 was obviously
up-regulated after RG108 + CIS treatment. A Western blotting was used to detect NRF2 protein levels in HEI-OC1 cells treated with DMSO, CIS,
CIS+RG108, RG108. A Use Imagel to analyze the relative expression of NRF2 protein. Data are expressed as mean 4 SD, n=3,* P<0.05 compared
with the control group;*P<0.01, compared with cisplatin group. B Western blotting was used to detect HO-1 and NQO1 protein levels in

HEI-OC1 cells treated with DMSO, CIS, CIS+RG108, RG108. C Use Image] to analyze the relative expression of HO-1 protein. Data are expressed

as mean 4 SD, n=3,* P<0.05 compared with the control group;*"P < 0.01, compared with cisplatin group. D Use ImageJ to analyze the relative
expression of NQO1 protein. Data are expressed as mean £ SD, n=3,* P<0.05 compared with the control group;*P<0.01, compared with cisplatin

group
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In this study, through RNA-seq sequencing, cispl-
atin promotes the apoptosis of auditory cells, which is
a major cause of deafness. After adding RG108. It was
found that RG108 could salvation the apoptosis of HEI-
OC1 induced by cisplatin. The above results showed that
RG108 may play a role in apoptosis. Therefore, we con-
tinue to explore the biological mechanism that may have
this effect.

We first performed biological analysis on the differen-
tially expressed genes obtained by sequencing. This anal-
ysis used the DAVID database, the selected genes meet
P<0.05, | LOG fold change |> 2, fold change was twofold.
The results showed that the down-regulated differential
genes were enriched in the PI3K and NRF2 related path-
ways after RG108 treatment. KEGG analysis showed that
down-regulated differential genes were enriched in PI3K,
which was an apoptosis-related pathway. BIOCARTA
analysis showed that down-regulated differential genes
were enriched in NRF2 oxidative stress-related pathway,
which was closely related to apoptosis. We further ana-
lyzed the DEGs using the STRING database, the selected
genes met P<0.05, | LOG fold change |> 3, fold change
was eightfold. The results were further analyzed using the
Clue-GO plug-in, and finally the DEGs were enriched in

4
-

apoptosis induced DNA fragmentation. DEGs are asso-
ciated with apoptosis-related pathways, and it can be
further indicate that RG108 has an effect on cisplatin-
induced apoptosis pathways.

Through a comprehensive analysis of the above
DAVID, KEGG, MCODE / Clue-GO, STRING, BIO-
CARTA databases, we determined that rgl08 affected
the cisplatin-induced apoptosis pathway.ROS not only
participates in apoptosis and necrosis, but also partici-
pates in intercellular signal transduction and affects gene
expression [50]. The accumulation of ROS and the sub-
sequent induction of apoptosis are important factors
leading to various diseases and aging [51]. The content of
ROS leads to changes in the biological state of cochlear
cells, which in turn leads to the loss of hair cells. Xian-
grui Guo’s research team showed that Forskolin protects
cochlear hair cells from apoptosis and acts as an antioxi-
dant [52]. Our findings suggest that RG108 also exerts
an anti-apoptotic effect in cochlear cells. Therefore, we
predict that RG108 can be used as a clinical trial drug for
deaf patients. BAX, BCL2 is an apoptosis-related pro-
tein. When the expression level changes, it indicates that
the cells have the phenomenon of promoting or inhibit-
ing apoptosis. Tengfei Zhao’s team study showed that



Zhang et al. Hereditas (2023) 160:18

ligustrazine extracted from Ligusticum chuanxiong Hort
had an effect on apoptosis by changing the expression of
BAX and BCL2. BCL2 inhibits apoptosis, and BAX pro-
motes apoptosis [53]. Our results showed that RG108
upregulated BCL2 and downregulated BAX. Therefore,
we speculated that RG108 might have a protective effect
on apoptosis by affecting BAX and BCL2. By examining
the level of important proteins in the PASP, and cisplatin
could noticeably reduce the expression of phosphorylated
PI3K-AKT, it had no effect on the expression of PI3K-
ATK as a whole. This suggests that RG108 may interfere
with cochlear apoptosis by regulating the expression of
phosphorylated protein. RG108 treatment also increased
the expression of phosphorylated PI3K-AKT, but still had
no effect on the level of total PI3K-ATK. RG108 treat-
ment also increased the expression of NRF2. Numerous
studies have reported that NRF2 is involved in oxidative
stress [54—56]. Caspase-3 is the key substance of apopto-
sis and plays an important role in ROS. This study found
that RG108 can down-regulate caspase3, protect coch-
lear cell apoptosis and protect the occurrence of drug-
induced deafness [57]. We observed that RG108 could
upregulate NRF2 protein levels in cisplatin-induced cells.
It is well known that NRF2 can reduce oxidative stress-
induced cell damage and maintain the homeostasis of the
redox system by derivating and modulating the level of
various antioxidant factors. HO-1 and NQO1 are impor-
tant factors in the NRF2 pathway, and the expression of
these two proteins decreases when cells undergo apopto-
sis. We observed that RG108 treatment significantly up-
regulated the protein expressions of HO-1 and NQOI,
indicating that RG108 exerted a protective effect on cis-
platin-induced apoptosis by affecting HO-1 and NQO1
in the NRF2 pathway [58].

Therefore, we believe that RG108 can alleviate cispl-
atin-induced oxidative stress damage of cells, especially
in the case of pretreatment, which is also obvious for
clinical implications, that is, the intervention of RG108
in advance may reduce cisplatin-induced deafness.
However, this study still has many shortcomings. Next,
we will try to find the downstream molecular target of
RG108, and further explore the molecular mechanism
of RG108 to save the apoptosis of cochlear hair cells
induced by cisplatin, and whether it interferes with the
clinical efficacy of cisplatin, so as to provide ideas for
clinical trials.

Conclusion

In summary, this study found that RG108 may have a
preserve effect on HEI-OC1 damaged by cisplatin by
affecting NRF2 / PI3K-AKT axis. As a result of this study,
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RG108 can now be applied to the treatment of cisplatin
ototoxicity. At the same time, it also creates a research
direction for subsequent clinical trials.

Abbreviation

DIHL Drug-induced hearing loss

GO Gene ontology

PASP PI3K-AKT signaling pathway

WB Western blotting

HL Hearing loss

cls Cisplatin

DCFH-DA  2;7"-Dichlorodihydrofluorescein diacetate
DHE Dihydroethidium

DEGs Differentially expressed genes

NGF Nerve growth factor pathway
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