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Abstract
Objective: This study screened the differentially expressed miRNAs in the mouse cochlea during hearing
loss and explored the relationship between miR-224-5p and Neuritin.

Methods: The combination of kanamycin sulfate and furosemide was used to establish a mouse hearing
loss model. High-throughput sequencing was used to screen the differentially expressed miRNAs during
hearing loss. qRT-PCR was used to identify the expression of differential miRNAs in hearing loss. Western
Blot was used to detect the expression of Neuritin protein. Luciferase was used to identify the binding site
of miRNA and Neuritin.

Results: The expression of miR-224-5p in the mouse cochlea increased during hearing loss (p<0.05). MiR-
224-5p mimics can reduce Neuritin protein expression in 293T cells (p<0.05). MiR-224-5p can speci�cally
bind to Neuritin (p<0.05).

Conclusion: The expression of miR-224-5p increases in hearing loss and targets the expression of
Neuritin

Introduction
Hearing loss is the most widely distributed sensory disability in the world, and its negative impact is at
the forefront of the global burden of disease[1]. According to WHO's data, the global disability deafness
reached 466 million in 2019, and it is expected to exceed 900 million by 2050. Among people over 65
years old, one-third suffer from hearing loss. Hearing loss not only affects the ability to communicate
with others and causes people’s loneliness, but is also related to Alzheimer’s[2] and mental illness[3]. In
addition, hearing loss can also have a negative impact on the economy. The number of people at risk of
hearing loss is increasing year by year, and we need to �nd a way to save them.

Sensorineural hearing loss (SNHL) occurs after the sensory hair cells or nerve structure of the cochlea is
damaged, which accounts for the majority of hearing loss[4]. The main causes of hearing loss include
aging, genetic mutations, noise exposure, exposure to therapeutic drugs with ototoxic side effects, and
chronic diseases[5]. The current treatment for sensory hearing loss is mainly to use cochlear implants,
but the use of cochlear implants requires patients to still have a certain number of functional hair cells
and spiral neurons[6, 7]. Research on the treatment of hearing loss mainly focuses on the local delivery of
drugs to the cochlea[8], gene therapy[9] and cell therapy[10]. For hearing loss, no drug-based therapy has
been approved by the Food and Drug Administration, and treatment mostly relies on devices such as
hearing aids and cochlear implants.

This approach that delivers neurotrophic factors in the cochlea to treat hearing loss has a promising
future. Exogenous neurotrophins BNDF and NT-3 have been shown to promote the synaptic regeneration
of SGN peripheral �bers in the hair cell, and save the hearing function of adult animals after acoustic
trauma [11–13]. Neuritin is a neurotrophic factor closely related to neuroplasticity, which can signi�cantly



Page 3/18

promote the growth of neurites and their branch formation, as well as the development and maturity of
synapses[14]. Neuritin can also regulate the formation of synaptic circuits[15], inhibit apoptosis, and
maintain the survival of neurons[16]. Neuritin participates in the development of the central nervous
system, and its expression is closely related to nerve regeneration and repair after injury, learning and
memory[17]. Our previous study found that the expression of Neuritin in the mouse cochlea decreased
after hearing loss. When exogenous Neuritin protein was administered to the cochlea of mice, the
damage of mouse hair cells was reduced, and the hearing function can be restored to a certain extent.
What's more, we also observe the same phenomenon in the hidden hearing loss caused by noise.

miRNA is de�ned as a set of short non-coding RNAs that help regulate gene expression[18]. Since 1993,
many miRNAs that play a role in the normal development of the inner and outer ears have been
discovered[19, 20]. Most protein-coding genes in vertebrates are regulated by miRNA, so the ability of
miRNA to regulate mRNA in the auditory system is worthy of further study[21, 22].

Neuritin, as a neurotrophic factor, shows an improvement effect on hearing loss, and the miRNA that
regulates its effect in the cochlea is unclear. For this reason, this article mainly explores miRNAs that may
regulate Neuritin expression in hearing loss.

Materials And Methods
All procedures were approved by the Animal Ethical and Welfare Ethics Committee of Hangzhou Normal
University and were performed in accordance with relevant guidelines and regulations. All our animal
experiments methods were in accordance with ARRIVE guidelines.

1. Construction of hearing loss mice

In this study, a combination of kanamycin sulfate and furosemide was used to establish a model of
acute and severe sensorineural hearing loss. Two-month-old CBA mice (without gender distinction) were
selected, and each mouse was injected subcutaneously with kanamycin sulfate (Biosharp, BS152) 1,000
mg·kg−1, and after waiting for half an hour, the mice was injected with furosemide (Sigma, PHR1057) 500
mg·kg−1 to establish a hearing loss model. In this experiment, the mice were divided into 3 groups, the
�rst group was the control group, the second group was the drug-induced injury group for 12 hours, and
the third group was the drug-induced injury group for 24 hours. The animals used in this experiment were
CBA mice (SPF grade), and all the experimental animals were purchased from the Experimental Animal
Center of Hangzhou Normal University.

2. Auditory Brainstem Response (ABR)

Each CBA mouse was intraperitoneally injected with sodium pentobarbital (50 mg·kg−1) and placed in a
standard shielded soundproof room after anesthesia. The detection electrodes were placed behind the
left and right auricles and under the scalp of the mouse to perform the auditory brainstem response of
the mouse. The stimulus sound is a short stimulus, the scanning duration is 10 ms, the stimulus



Page 4/18

repetition rate is 11 times·s−1, the �lter bandpass is 150-1 500 Hz, and the superimposition is 500-1 000
times. Each mouse was tested for binaural hearing, and the second wave threshold was used as the
mouse hearing threshold.

3. Preparation of Corti RNA

The cochlea was removed immediately after the mouse was sacri�ced by cervical dislocation, and was
quickly transferred to a dissecting microscope to strip the outer cochlear bone structure and remove the
Corti organ. Combine 6 Corti apparatuses into a set, grind with liquid nitrogen and transfer the powder to
a 1.5 mL EP tube. Add 1ML TRNzol Universal ageant to the EP tube, mix well and let stand for 10
minutes. Add 200ul chloroform to the EP tube, shake vigorously for 30s and then let it stand for 10
minutes. Centrifuge at 12000 rpm for 15 minutes. Take the upper liquid to a new 1.5ML EP tube, add 500
mL of isopropanol, mix well and let it stand at room temperature for 10 minutes. Centrifuge at 12000 rpm
for 10 minutes. Discard the supernatant, add 1ML of 75% ethanol, and let stand at room temperature for
5 minutes. Centrifuge at 8000rpm for 5 minutes, discard the supernatant, add 20ul DEPC-treated water,
and store at -80°C.

4. miRNA sequencing and bioinformatics analysis

The RNA-seq method was used to perform miRNA sequencing on sample RNA, and the sequencing depth
of each sample was 20 M. The DEG-seq method was used to analyze the miRNA sequencing results and
screen the miRNAs with different expressions. The screening criteria are log2FC>1 and Qvalue<0.001. The
miRNA that was up-regulated in the 12-hour group and the 24-hour group was selected as a candidate
miRNA. "NRN1" is used as a keyword to predict the miRNA targeting Neuritin gene from 7 different
websites (TargetScan, miRDB, DIANA, miRNAMap, miRWalK, miRmap, trabase), and then take the
intersection with the candidate miRNA to obtain the possible targeted regulation of Neuritin and
Candidate miRNAs that are up-regulated during hearing loss.

5. q-PCR

The stem-loop method was used to synthesize candidate miRNA primers, and U6 was used as an internal
reference. According to Takara Reverse Transcription Kit (Takara RR 037A) 10 µL system (5×PrimeScript
Buffer 2 µL, PrimeScript RT Enzyme Mix I 0.5 µL, PCR Reverse Primer 0.5µL, Total RNA 2 µL, ddH2O 5µL)
the extracted RNA was reverse transcribed into cDNA. The cycle conditions were: 95℃ 30s (1 cycle),
95℃ 5s, 60℃ 30s (40 cycles) ). According to the 20 µL system of Takara qPCR kit( TB Green Premix Ex
Taq II 10 µL, PCR Forward Primer 0. 8 µL, PCR Reverse Primer 0. 8 µL, cDNA 2µL, ddH2O 6.4 µL), the
obtained cDNA was subjected to real-time �uorescence quantitative PCR, and the cycling conditions were
95℃ 30s (1 cycle), 95℃ 5s, and 60℃ 30s (40 cycles). Use the �uorescence quantitative PCR instrument
(Germany analytik-jena 870wer 3G) to measure the �uorescence of the sample, and calculate the CT
value and TM value. The △△t method was used to calculate the differential expression folds of
candidate miRNAs between the 12 h group, 24 h group and the control group, and the target miRNAs were
screened according to the differential fold.
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The primers were designed by the Primer Premier 5.0 Software and as follows:

miR-224-5p-F: 5’- CGCGCGTAAGTCACTAGTGGT -3’

miR-224-5p-RT: 5’-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAACGGA-3’

U6-F: 5’-CTCGCTTCGGCAGCACA-3’

U6-R: 5’-AACGCTTCACGAATTTGCGT-3’
6. Western blot

The synthetic mimics of candidate miRNAs were transfected into 293T cells with Lipofectamine 3000
(ThermoFisher, L3000015), and after 48 hours of culture, the cells were lysed with RIPA (Beyotime,
P0013B) to extract total protein. Con�gure a 15% concentration SDS-PAGE gel, separate about 60-100ug
of protein on the SDS-PAGE gel under the conditions of 80 V for 30 min and 110 V for 90 min, and use the
semi-dry transfer method to transfer the protein under the conditions of 23 V for 43 min. Onto PVDF
membrane (Immobilon, ISEQ00010). Use 5% skimmed milk powder (Biosharp, BS 102) to seal the PVDF
membrane for 2 h, then use 5% skimmed milk powder to dilute Neuritin antibody (Abcam, 64186) at a
ratio of 1:1000, and incubate overnight at 4°C. On the next day, the goat anti-rabbit secondary antibody
(Nakayama Jinqiao) was diluted at a ratio of 1:10000, incubated at room temperature for 2 hours, and an
enhanced chemiluminescence system (BIO-RAD, 1705060) was used to detect the immune response
zone.

7. Luciferase

Neuritn and miR-224-5P binding sites were predicted through miRmap (https://mirmap.ezlab.org/).
Neuritn sequences with a length of 60 bp were cloned into the GP-miRGLO vector. GP-miRGLO vector and
miR-224-5P mimics rely on Lipofectamine 3000 (Thermo�sher, L3000015) to be transfected into 293T
cells. After 48 hours of transfection, the lysate was collected, and the phochillase report system (Dual-
Luciferase®Reporter (DLR™) Assay System,E1980) was used to measure the photinus pyralis luciferase
and Renilla ReniFormis luciferase activity. Computational �uorescence activity ratio of �re�y and sea
kidney �uorescence activity. Three biological repeats were performed.

The Neuritn sequences were cloned into the GP-miRGLO vector as follows:

NRN1 -miR-224-5p WT:
GAGAGGGAAAAGGAGAAGGCCAGGGGAATGACTTCAAGAGTGGTGTCCACGTGGGAATCA

NRN1 -miR-224-5p MUT:
GAGAGGGAAAAGGAGAAGGCCAGGGGAAACTGAACAAGAGTGGTGTCCACGTGGGAATCA

Results
1. Hearing loss model construction and identi�cation



Page 6/18

CBA mice are commonly used listening loss model mice. We chose the normal 2-month-old CBA mice to
build a hearing loss model, which was injected with sulfate pamycin and fuff in combination[23, 24]. The
results show that the hearing wave disappears in the 20-70 dB stage of the hearing loss mouse (Fig. 1A),
the hearing threshold rises from 20-30 dB to 70-80 dB (p<0.05) (Fig. 1B). The hearing waveform and
hearing threshold of the control group were still normal. After the hearing loss model is constructed, the
mouse ear Neuritin protein was detected at different times by WB. The WB test results show that the
expression of Neuritin in mice has decreased signi�cantly after drug intervention (p<0.05) (Fig. 1C-D).
2. Analysis and screening of differentially expressed miRNAs

After we obtained the mouse Corti RNA, miRNA was sequeni�ed by using RNA-seq. The sequencing
results were analyzed by DEG-seq, and miRNA was screened in accordance with |log2FC| >1, Qvalue<0.
01. In the 12h group, 80 signi�cantly up-regulated miRNAs and 169 signi�cantly down-regulated miRNAs
were found (Fig. 2A-B). In the 24h group, 40 signi�cantly up-regulated miRNAs and 94 signi�cantly down-
regulated miRNAs were found (Fig. 2C-D). After overlapping up-regulated miRNAs of 12h group and 24h
group, we found 24 overlapping up-regulated miRNAs (Fig. 2E). For miRNAs that are up-regulated in both
groups(Table 1), we believe that its credibility is higher.



Page 7/18

Table 1
Co-upregulated miRNAs of 12h group and 24h group.

Name Log2FC(12h) Log2FC(24h)

mmu-miR-6395 9.902375114 8.294620749

novel-mmu-miR208-3p 8.347842794 5.787902559

mmu-miR-196a-5p 4.883149314 4.180081616

novel-mmu-miR122-3p 4.804710201 3.253756592

mmu-miR-365-3p 3.827926532 2.736448481

novel-mmu-miR202-3p 3.744036623 2.552801226

novel-mmu-miR365-5p 3.379729601 2.401263919

mmu-miR-1247-3p 2.17951105 2.387730153

mmu-miR-211-5p 2.02469942 2.349374161

mmu-miR-3073a-5p 1.790449884 2.307428525

novel-mmu-miR13-5p 1.751320887 1.916243595

mmu-miR-181a-2-3p 1.620006171 1.56877381

mmu-miR-133b-3p 1.618699686 1.460072816

mmu-miR-21a-3p 1.576811863 1.450963418

mmu-miR-93-3p 1.52420847 1.386963105

mmu-miR-145a-5p 1.463477479 1.304519703

mmu-miR-133a-3p 1.412191078 1.248273853

mmu-miR-224-5p 1.308867767 1.243959048

mmu-miR-1198-5p 1.295626098 1.202791709

mmu-let-7c-2-3p 1.295626098 1.132215524

mmu-let-7a-1-3p 1.209508516 1.132215524

novel-mmu-miR130-5p 1.142836059 1.116049148

mmu-miR-1247-5p 1.115747867 1.083187075

mmu-miR-339-5p 1.051379351 1.065787458

 

3. Correlation analysis of Neuritin and hearing loss 
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Seven bioinformatics (TargetScan, mRDB, DIANA, miRNAMap, miRWalK, miRmap, trabase) websites were
used to predict miRNAs targeted Neuritin and 1592 miRNAs were found. From 1592 miRNAs and 24 up-
regulated miRNAs we found 15 identical miRNAs (miR-6395,miR-211-5p,miR-196a-5p,miR-3073a-5p,miR-
133b-3p,miR-21a-3p,miR-1247-3p,miR-181a-2-3p,miR-224-5p,miR-133a-3p,miR-1247-5p,miR-145a-5p,miR-
93-3p,miR-339-5p and miR-1198-5p) (Fig. 3A). These 15 miRNAs are related to hearing loss and Neuritin.
Rudnicki[25] found that miR-224-5P can induce the occurrence of endonal in�ammatory stimulation,
which affects hearing. This makes us more believe that miRNA-224-5P may play an important role in
hearing loss, so the miR-224-5p is listed as target miRNA.

4. MiRNA-224-5p is upregulated in hearing loss and negative related to Neuritin

We synthesized primers for miR-224-5p, and U6 was used as an internal reference. qRT-PCR was used to
detect the expression of miR-224-5p in the cochlea after hearing loss. The results of qRT-PCR showed that
the expression of miR-224-5p increased after 12h and 24h of hearing loss in mice (P<0.05) (Fig. 4A). After
con�rming that the expression of miR-224-5p increased, we synthesized mimics of miRNA-224-5p. WB
was used to detect Neuritin expression after miRNA-224-5p mimics were transfected into 293T cells. The
WB results showed that after miR-224-5p intervention, the expression of Neuritin was inhibited, and there
was a signi�cant decrease (Fig. 4B-C). miR-224-5p is not only related to hearing, but also inhibits the
expression of Neuritin.

5. miR-224-5p and Neuritn are speci�c binding

MiR-224-5p showed an inhibitory effect on Neuritin. In order to identify whether this effect is targeted, we
conducted a dual luciferase reporter gene experiment. Through the mir-map website, we predicted the
binding site of miR-224-5p and Neuritin, and the results are shown in Fig. 5A. We cloned the 60bp Neuritin
sequence into the GP-miRGLO vector for dual luciferase experiments(Fig. 5B-C). The results showed that
after transfection of the GP-miRGLO vector and miR-224-5p mimics, the expression of Neuritin in the WT
group decreased (p<0.05) (Fig. 5D). And the expression of Neuritin in the Control group and the MUT
group was normal.

Discussion
In this study, we used kanamycin sulfate combined with furosemide to induce sensorineural hearing loss
in CBA mice. For a long time, it has been a classic method for building sensorineural hearing loss models
that combines aminoglycosides and diuretics[26, 27]. When aminoglycosides and diuretics are used in
combination, diuretics can promote the passage of aminoglycosides through the blood-cochlear
barrier[28, 29], change the lymphatic potential of the inner ear to make aminoglycosides more effectively
diffuse to the cochlea[30, 31], and Reduce the renal clearance of kanamycin[32]. This is a rapid and
violent deafness reaction and the cochlear hair cells will fall off after 36 hours. In order to detect changes
in the miRNA of hair cells during hearing loss, we must extract RNA before the hair cells fall off. In order
to accurately observe the changes of miRNA, we �nally selected two time points of 12h and 24h for
detection. Research data on miRNAs related to hearing loss is scarce, so we built a hearing loss model to
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extract RNA from the Corti for miRNA sequencing. Through RNA-seq sequencing, we obtained miRNAs
that were differentially expressed in the 12-hour group and the 24-hour group. In order to increase the
accuracy of the results, we took the intersection of the results of the two groups and obtained 24 miRNAs
that were up-regulated during hearing loss. In hearing loss, Neuritin expression decreases, and the
corresponding miRNA should be up-regulated, so we mainly focus on up-regulation of miRNA. The
bioinformatics website was used to predict miRNAs targeting Neuritin. Each website has a different
prediction method. In order to get as comprehensive results as possible, we selected 7 websites for
prediction (TargetScan, miRDB, DIANA, miRNAMap, miRWalK, miRmap, trabase). In the end, we got 1592
miRNAs that may target Neuritin. Fortunately, among these miRNAs, we found 15 miRNAs that overlap
with the up-regulated miRNAs in hearing loss. Investigating 15 miRNAs, we found that miR-224-5p is
involved in cochlear in�ammation[25], so we are more convinced that miR-224-5p is related to hearing
loss. After we identi�ed miR-224-5p as the target miRNA, we �rst used qRT-PCR to identify the relationship
between hearing loss and miR-224-5p, then used WB to identify the relationship between Neuritin and
miR-224-5p, and �nally used Luciferase to identify the binding site of Neuritin and miR-224-5p. Our
results indicate that miR-224-5p is not only up-regulated in hearing loss, but also targeted to inhibit
Neuritin expression.

The relationship between Neuritin and hearing continues to be studied. Linhares[33] found that in
patients with Subtelomeric 6p25 deletion/duplication, Neuritin duplicated, and its clinical manifestations
also showed hearing loss. Leijon[34] found that Neuritin expression changes in SPON of hearing loss
mice, and may affect hearing by regulating neuronal survival and plasticity. Liu[35] also found that
Neuritin is one of the risk factors for noise-induced hearing loss when analyzing the risk factors for
hearing loss. These �ndings all point to a correlation between hearing loss and Neuritin, which coincides
with our experimental results.

Research on miR-224-5p is not limited to hearing loss. Zhu[36] found that LINC00094 inhibited endotoxin-
1 expression by up-regulating miR-224-4p/miR-497-5p, promoted the expression of ZO-1, Okrudin and
Claudine-5, and �nally alleviated BBB Permeability in the AD microenvironment. Du[37] found that MiR-
224-5p can reduce the activation of microglial in�ammation by regulating the expression of NLRP3.
Liu[38] found that miR-224-5p plays a vital role in hypoxic neuronal injury through NR4A1, which may be
an important regulatory mechanism of neuronal OGD injury. These clues that miR-224-5p is related to
in�ammation and nerves suggest that miR-224-5p may play a role in hearing loss. Hearing loss is also an
in�ammatory stimulus or neurodegenerative disease. Not only that, miR-224-5p is also involved in the
development of a variety of tumors, such as breast cancer[39], glioma[40], gastric cancer[41], prostate
cancer[42], melanoma[43], etc.

There is no effective treatment for hearing loss. Our discovery suggests a new possibility. We can reduce
the expression of miR-224-5p in the cochlea to increase the expression of Neuritin, which can alleviate the
occurrence of hearing loss. This will provide new ideas for hearing loss treatment. At the same time miR-
224-5p can be used as a new marker of hearing loss.
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In summary, the results of our research show that miR-224-5p is up-regulated during hearing loss and can
target to inhibit the expression of NRN1. miR-224-5p is promising as a potential marker of hearing loss
and a potential therapeutic drug.

Conclusion
miR-224-5p is elevated in hearing loss and targets the expression of Neuritin.
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Figure 1

Mouse hearing function and Neuritin expression test results of hearing loss model mice A: ABR test
results of mice. B: Statistical results of ABR test results of mice. C: Neuritin expression in mouse cochlea
after hearing loss. D: Statistical results of Neuritin expression in mouse cochlea.
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Figure 2

Screening difference expression miRNA A: Difference miRNAs volcano illustration of 12h group. B:
Number of differential miRNAs in 12h group. C: Difference miRNAs volcano illustration of 24h group. D:
Number of differential miRNAs in 24h group. E: Co-upregulated miRNAs of 12 hours group and 24 hours
group. Note: The blue dot representative is lowered, and the red dot is indicated, and the gray point
represents a screening.
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Figure 3

Screening miRNAs related to Neuritin and hearing loss A: The result of miRNAs associated with Neuritin
and hearing loss.

Figure 4
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Correlation analysis of miRNA-224-5 with hearing loss and Neuritin A: q-PCR results of miRNA-224-5p
after hearing loss. B: WB result of Neuritin after transfected with miR-224-5p. C: Statistical graph of
neuritn expression results.

Figure 5

Analysis result of binding site between miR-224-5p and Neuritin A: The prediction result of the binding
site of miR-224-5p and Neuritin. B: Construction of GP-miRGLO vector containing normal Neuritin
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sequence. C: Construction of GP-miRGLO vector containing MUT Neuritin sequence. D: Results of dual
luciferase reporter gene for miR-224-5p and Neuritin.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

12hgroupmiRNA.csv

24hgroupmiRNA.csv

coupgradulatemirna.xlsx

miRNAstargetNeuritin.xlsx

https://assets.researchsquare.com/files/rs-1038261/v1/19e38482485bfcdce91e404f.csv
https://assets.researchsquare.com/files/rs-1038261/v1/93f190e232ee8770caa8a9b2.csv
https://assets.researchsquare.com/files/rs-1038261/v1/136c1d75c63b371d462f82ca.xlsx
https://assets.researchsquare.com/files/rs-1038261/v1/340b7aac55c7989232daee84.xlsx

