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Abstract 

 

Objective: To study the differences in cochlea protein expression before and after 

noise exposure using proteomics to reveal the pathological mechanism of 

noise-induced hearing loss (NIHL). 

Methods: A guinea pig NIHL model was established to test the ABR thresholds 

before and after noise exposure. The proteomics technology was used to study the 

mechanism of differential protein expression in the cochlea by noise stimulation. 

Results: The average hearing threshold of guinea pigs on the first day after noise 

exposure was 57.00±6.78dB SPL, high-frequency hearing loss was more severe than 

low frequency; the average hearing threshold on the seventh day after noise exposure 

was 45.83±6.07dB SPL, and the 4k Hz hearing threshold has the best recovery. The 

proteomics technology identified 3122 different inner ear proteins, of which six 

proteins related to the hearing were down-regulation: TenascinC, Collagen type XI 

alpha two chains, Collagen type II alpha one chain, Thrombospondin 2, Collagen type 

XI alpha one chain and Ribosomal protein L38, and are enriched in protein absorption, 

focal adhesion, and extracellular matrix receptor pathways. 

Conclusion: Impulse noise can affect the expression of differential proteins through 

focal adhesion pathways. This data can provide an experimental basis for the research 

on the prevention and treatment of NIHL. 

 

 

Introduction 

 

NIHL is a major occupational disease worldwide, with more than 1.6 million new 

cases every year [1] and is the second most common sensorineural hearing 

impairment after presbycusis [2, 3]. Li Xingqi [4] pointed out that the hearing loss 

caused by strong impulse sound stimulation is mainly mechanical damage, while the 

hearing loss caused by steady-state noise is mainly metabolic damage, indicating that 

the mechanism of NIHL is closely related to the type of noise exposed. However, 
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there is still a lack of clear experimental evidence at the protein level. The emergence 

of proteomics technology provides a powerful tool to reveal the molecular mechanism 

of noise-induced hearing loss at the protein level. TMT (Tandem Mass Tags) 

technology is a quantitative proteomics in recent years. The widely used 

high-throughput screening technology can be used to label the N-terminus and amino 

acid side chain groups of protein peptides and realize the quantification of proteins 

between different samples by mass spectrometry. In this study, TMT technology was 

used to study the difference of protein expression in the cochlea of guinea pigs before 

and after noise exposure, and biological analysis was carried out to reveal the marker 

proteins, potential pathogenesis and intervention targets after noise-induced hearing 

loss. 

 

Materials and methods 

 

Animals 

 

Eight healthy adult male Dunkin Hartley guinea pigs, weighing 250-300g, and 

sensitive to auricle reflex, were purchased from Beijing Keyu Animal Breeding 

Center. All animals had no history of noise exposure, had never used ototoxic drugs, 

and had normal tympanic membranes by otoscope. The experimental animals were 

randomly divided into three groups, namely the normal control group (n=2), the first 

day group after noise exposure (n=3) and the seventh day group after noise exposure 

(n=3). All experimental operations were approved by the Animal Ethics Committee of 

the Chinese People's Liberation Army General Hospital. 

 

Impulse noise exposure 

 

Place 6 awake guinea pigs in a special metal cage, fix the head of the guinea pig 

in the center, and ensure that its head does not rotate during noise exposure, and 

ensure that both ears of the guinea pig receive the same impulse noise stimulation. 
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Place the special impulse noise excitation device at the front level of the animal's head, 

4-5cm away from the front edge of the guinea pig ears, and give 20 consecutive 

pressure peaks of 165 dB SPL, pulse width of 0.25ms, and interval of 6.5s Impulse 

noise lasts for two days, a total of 40 times. 

 

Auditory brainstem response, ABR 

 

Anesthetize the animal by intraperitoneal injection of 1% sodium pentobarbital 

(0.4ml/g) and place the animal on an insulation blanket after breathing and heartbeat 

are stable. Audiometry is conducted in a sound-proof shielded room, using American 

TDT audiometry equipment and Biosig audiometry analysis software. Connect the 

TDT electrode: the recording electrode is inserted into the skull parietal 

subcutaneously from the midpoint of the upper edge of the animal’s double auricles 

and the junction of the skull, the reference electrode is inserted under the skin of the 

test ear, and the ground electrode is inserted under the skin of the opposite ear to 

ensure the test resistance Less than 1kΩ, the earphone is placed 0.2cm at the mouth of 

the ear canal outside the test ear. The stimulus sounds are “Click”, pure tones “tone 

burst” (4kHz, 8kHz, 16kHz), the filter width is set to 300-3000Hz, and the stimulation 

duration is 10ms, and the overlay is 1024 times, The maximum stimulus intensity is 

90dB SPL, which is reduced by 10dB SPL. When approaching the hearing threshold, 

the stimulus intensity decreases by 5dB SPL. When there is an irregular and illegible 

waveform, it increases by 5dB SPL. The lowest stimulus intensity that induces a 

repeatable regular wave is recorded as the ABR threshold. 

 

TMT (Tandem Mass Tags) technology 

 

The three groups of animals were quickly sacrificed after anesthesia, decapitated 

and removed the bilateral cochlea, rinsed with PBS, quickly placed in liquid nitrogen 

for 10 minutes, and then placed in a -80°C refrigerator. 

TMT experiment process: Cochlear sample preparation (extracted protein) → 
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SDS-PAGE electrophoresis to detect protein quality → (sample protein qualified) 

Trypsin digestion → TMT reagent labeling and classification → mass spectrometry 

analysis → software analysis and statistical analysis → bioinformatics analysis (GO 

analysis, KEGG Pathway) 

Grind the guinea pig cochlea with a mortar. For protein extraction and 

quantification methods, please refer to previous literature reports [5]. Draw a protein 

quantitative standard curve based on the standard product and get the correlation 

coefficient R²=0.9856>0.95. It is believed that there is a linear relationship between 

the amount of protein and the OD absorbance. 10% SDS-PAGE electrophoresis 

determined that the total protein was effectively separated in the molecular weight 

range of 15-220 kDa, and the protein bands in the three sample groups had similar 

band patterns. 

The experimental methods of trypsin digestion of protein samples and peptide 

labeling with TMT reagent can refer to previous literature reports [5]. Sample 

peptides of each group were taken about 100μg and labeled according to the 

instructions of the TMT kit. The normal control group, the first day group and the 

seventh day group were subjected to 3 biological replicates. 

Finally, the capillary efficient liquid chromatography and mass spectrometry 

identification. Each sample was separated by a nanoliter flow rate HPLC liquid phase 

system, and then analyzed by Orbitrap Fusion Lumos mass spectrometer. 

Raw mass spectrometry data: The raw mass spectrometry data is a RAW format 

file, and the software Proteome Discoverer is used for qualitative and quantitative 

analysis. 

Database: uniprot-Cavia+porcellus 

Search the database: upload the RAW file to Proteome Discoverer when 

searching the database, select the established database, and then search the database. 

All experimental data are expressed as mean±standard deviation (x±s), and the 

experimental data are analyzed using SPSS 20.0 statistical software package. The 

differences between the three groups were compared by one-way analysis of variance. 

A p-value less than 0.05 was considered statistically significant. 
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Results 

 

Noise exposure causes about 20 dB of hearing loss 

 

In order to exclude guinea pigs with poor hearing or deafness, all guinea pigs 

received ABR test before noise exposure; the ABR threshold test results of normal 

control group, first day after noise exposure, and seventh days after noise exposure 

are shown in Table 1. The hearing test results showed that the ABR threshold of 

normal guinea pigs was 26.88±8.08dB SPL, and the average hearing threshold 

increased to 57.00±6.78dB SPL within first day after noise exposure. The damage was 

the most serious at 16k Hz, and the high-frequency hearing loss was more serious 

than the low-frequency. The seventh day average hearing threshold can be recovered 

to 45.83±6.07dB SPL, the recovery is best at 4k Hz, and above 4k Hz is poor. 

 

TMT technology screened out about 90 different proteins 

 

Through cluster analysis of expression patterns among multiple samples, the 

results show that the repeatability between samples is good. After screening with 

Peptide FDR≤0.01, 3122 proteins were identified. Compared with the normal control 

group, the protein expression of the group first day after noise exposure was mainly 

up-regulated, and the protein expression of the group seventh days after noise 

exposure was mainly down-regulated compared with the group first day after noise 

exposure and the normal control group（Figure 1）. 

Use Proteome Discoverer proteomics analysis software to realize TMT 

quantification. According to the quantitative results, set at 1.2 fold change (FC) and 

P<0.05 threshold conditions (FC>1.2 and P<0.05 for up-regulation, FC≤0.833 and 

P<0.05 for down-regulation, 0.833<FC<1.2 or p>0.05, it is considered that there is no 

significant change in expression) Differential protein screening, the results show that: 
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first day after noise exposure, there are 96 kinds of proteins that are significantly 

differently expressed than the normal group, of which 56 are up-regulated and 40 are 

down-regulated;A total of 90 proteins were significantly differently expressed in the 

seventh days after noise exposure group than the first day after noise exposure group, 

of which 24 were up-regulated and 66 were down-regulated;seventh days after noise 

exposure, there are 84 kinds of proteins that are significantly differently expressed 

than the normal group, of which 18 are up-regulated and 66 are down-regulated; see 

Figure 2 volcano graph and histogram. 

 

Analysis by Gene Ontology (GO) found that the expression of 6 proteins related to 

hearing was significantly down-regulation 

 

About 90 differential proteins screened out by the TMT technology were then 

subjected to GO function enrichment analysis. In the comparison between the seventh 

days after noise exposure group and the first day after noise exposure group, it was 

found that the expression of 6 hearing-related proteins was significantly 

down-regulated : Tenascin C (TNC); Collagen type XI alpha 2 chain (COL11A2); 

Collagen type II alpha 1 chain (COL2A1); Thrombospondin 2 (THBS2); Collagen 

type XI alpha 1 chain (COL11A1); Ribosomal protein L38 (RPL38) expression down. 

Compared with the normal group, the first day after noise exposure group and the 

seventh days after noise exposure group had up-regulated protein expression, but they 

were not screened out because the difference was not statistically significant. The 

expression of 6 differential proteins in the three groups of the cochlea in Figure 3. 

 

Protein digestion and absorption, Focal adhesion and ECM-receptor interaction signal 

pathways are the most important biochemical metabolic pathways and signal 

transduction pathways for the six different proteins. 

 

Different proteins coordinate with each other to perform their biological 

behaviors in organisms. Pathway analysis helps to further understand their biological 
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functions. In this study, the main biochemical metabolic pathways and signal 

transduction pathways involved in protein were determined through KEGG Pathway 

analysis. The KEGG function annotations of different proteins are shown in Table 2 

and Figure 4. Comparing the seventh day group after noise exposure with the first day 

group after noise exposure, the functional annotations of KEGG Pathway enriched by 

differential proteins related to hearing include protein digestion and absorption, 

extracellular matrix receptor interaction (ECM- Receptor interaction), focal adhesion 

signal. COL11A1, COL11A1, and COL2A1 are all enriched in protein digestion and 

absorption pathway, COL2A1, THBS2, and TNC proteins are all enriched in 

ECM-receptor interaction pathway, focal adhesion signal pathway (Table 2). 

 

Discussion 

 

Characteristics and parameters of hearing loss in guinea pigs caused by impulse noise 

exposure 

 

Chen Zhiting [6] found that more than 50 times of 145dB SPL impulse noise 

exposure can increase the hearing threshold by more than 70dB SPL on average. In 

this study, the average hearing threshold increased by 20dB SPL after 165dB SPL 

impulse noise exposure for 40 times. This difference indicates that the increase in 

impulse noise stimulation Sound intensity, reduce the number of exposures, and less 

damage to the auditory system. They also found that hearing recovery was the fastest 

within one week after exposure, which is consistent with the change trend of hearing 

thresholds in animals after acute noise damage in this study. 

 

Impulse noise damage affects the proteomics of guinea pig inner ear 

 

In recent years, proteomics related research on NIHL has gradually become a 

research hotspot. In the past, Samson [7] used antibody microarray technology to 

quantify the exposure of chinchillas to 112dB SPL noise for 2 hours, and then 1st day 
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after noise exposure and 7th days after noise exposure. 28th days after noise exposure, 

the changes in protein expression in different regions of the chinchilla cochlea were 

detected, indicating that the p38/MAPK signal transduction activated by the focal 

adhesion signaling pathway plays a key role in the mechanism of NIHL. 

Yukihide [8] used iTRAQ proteomics method to divide 24 mice exposed to 

120dB SPL noise for 2 hours into 4 groups to identify different regulatory proteins of 

dexamethasone in the mouse cochlea, and the results show that myelin protein and 

heat shock protein 70 are closely related to noise-induced hearing loss, and 

dexamethasone significantly regulates the expression level of these proteins in the 

mouse cochlea. 

In this study, the TMT proteomics method was used to identify the difference in 

protein expression in the cochlea under the influence of noise and screened out 6 

kinds of hearing related proteins that were significantly down-regulated, TNC; 

COL11A2; COL2A1; THBS2; COL11A1; RPL38. Except RPL38, all belong to the 

ECM family. 

There are 3 types of collagen in the 6 different proteins: COL11A2, COL11A1, 

COL2A1, all of which were down-regulation on the seventh day after noise exposure. 

Collagen in the ECM protein family is a fibrous structural protein, mainly involved in 

the construction of cartilage [9, 10]. Previous studies have found that mutations in the 

COL11A2 gene can cause autosomal recessive non-syndromic sensorineural hearing 

loss (DFNB53) and autosomal dominant non-syndromic sensorineural hearing loss 

(DFNA13). The loss of collagen fibers in the mouse tectorial membrane will affect 

the function of outer hair cells [11-13]; the COL11A1 gene is expressed in the mouse 

auditory vesicles [14], Booth [15] used splicing variants in the study it was found that 

COL11A2 gene mutations can cause DFNA37; Cao [16] found that COL2A1 

knockout mice have hearing loss and vestibular function reduction, and its mutations 

cause sensorineural hearing loss in patients with Type 1 Stickler syndrome [17,18]. In 

the inner ear, type II collagen and type XI collagen are located in the tectorial 

membrane. It is a colloidal structure composed of extracellular material, located on 

the reticulum plate of the spiral organ, rich in actin, Type II collagen and type XI 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted September 28, 2020. ; https://doi.org/10.1101/2020.09.27.315952doi: bioRxiv preprint 

https://doi.org/10.1101/2020.09.27.315952


collagen. The tectorial membrane plays a vital role in the sensory transmission of 

sound [19]. Normally, the tips of the three-dimensional cilia on the outer hair cells are 

embedded in the tectorial membrane, while the tips of the cilia on the inner hair cells 

are adjacent to this structure. The shearing movement between the apex of the hair 

cell cilia and the tectorial membrane causes the mechanical displacement of the top 

cilia of the inner hair cell, thereby opening the mechanically sensitive conduction 

channel. On the first day after impulse noise stimulation, the expression of COL11A2 

and COL11A1 were up-regulated by about 15%, and the expression of COL2A1 was 

up-regulated by about 6%, that is, the expression of ECM protein increased, which in 

turn changed the arrangement of collagen fibers on the tectorial membrane to make it 

from an orderly parallel arrangement to a random arrangement, which changes the 

mechanical properties of the tectorial membrane and destroys the shearing movement 

of the cilia and the tectorial membrane at the top of the outer hair cells, resulting in 

the destruction of hearing [13]. After the recovery period, the hearing threshold is 

increased compared with before. The down-regulated of COL11A2 and COL11A1 is 

within 10%, and the down-regulated of COL2A1 is more than 20%, and the 

expression of ECM protein decreases rapidly. It is speculated that the arrangement of 

collagen fibers on the tectorial membrane has some recovery. It shows that ECM 

protein plays a vital role in hearing loss and repair during noise exposure. 

 

Impulse noise activates multiple signal transduction pathways in the inner ear of 

guinea pigs 

 

Pathway significant enrichment method is the same as GO functional enrichment 

analysis. Through Pathway significant enrichment, the most important biochemical 

metabolic pathways and signal transduction pathways involved in differentially 

expressed proteins can be determined. In the data analysis, we screened significant 

pathways and found that down-regulated differential proteins (ECM proteins) are 

enriched in protein digestion and absorption pathways, and ECM-receptor interaction 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted September 28, 2020. ; https://doi.org/10.1101/2020.09.27.315952doi: bioRxiv preprint 

https://doi.org/10.1101/2020.09.27.315952


pathway, focal adhesion signal pathway （Figure 4）. Focal adhesion is a special 

structure formed by the contact point between cells and extracellular matrix. It is 

mainly involved in the structural connection between membrane receptors and the 

actin cytoskeleton. Signal molecules initiate downstream signal transduction events, 

which ultimately lead to the actin cytoskeleton. The recombination, cell shape and 

motility, and gene expression changes, the down-regulated expression of this pathway 

can attenuate the activation of the p38/MAPK signaling pathway [20]. first day after 

noise exposure, the animal’s hearing threshold dropped rapidly, and the expression of 

ECM protein was up-regulation. At the same time, oxidative stress in the inner ear 

up-regulated Fas ligand, which combined with the corresponding receptor would lead 

to the formation of a death-inducing signal complex [21], so noise-induced 

up-regulation of Fas signals may be an important upstream event in NIHL, because 

these receptors mediate the signal cascade, and finally lead to apoptosis through 

p38/MAPK signaling [22]; after a seven day recovery period, ECM protein 

expression is down-regulated, the corresponding oxidative stress is weakened, and the 

apoptosis of inner ear cells is reduced. Currently, p38/MAPK inhibitors have been 

shown to protect the inner ear from noise damage [23]. Interestingly, TNC protein is 

related to hearing loss [24,25]. Studies have found that it is a new pathogenic gene of 

DFNA13 [26], but it also has repair effect. It was found that its down-regulated 

expression was detected on the seventh day of the study, but it’s increased by about 3% 

compared to first day.It is very likely that during the acute injury period on the first 

day after noise exposure, the oxidative stress pathway was activated, which stimulated 

the repair of TNC protein. The increase in TNC protein exceeded 20%. In the repair 

period, the corresponding oxidative stress attenuation, reducing the apoptosis of inner 

ear cells, the repairing effect of TNC protein is weakened, and the expression of TNC 

protein is gradually weakened during the repairing period, but it is still higher than 

normal. 

It is worth noting that the RPL38 protein is located in the cytoplasmic ribosome 

and is involved in ribosome assembly, middle ear morphogenesis, sensory perception 
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of sound and other functions. It does not belong to the ECM family, and information 

related to deafness is not yet known. it was found that its expression was 

down-regulation in the seventh days after noise exposure group compared with the 

first day after noise exposure group in this study. In order to explore whether it is a 

potential biomarker of NIHL, in the next study, the RPL38 protein will be selected. 

Through qualitative and quantitative verification of the upstream and downstream 

expression of the protein in the cochlea, it is also necessary to explore the location of 

the protein in the cochlea. 

In general, this proteomics study on noise-induced inner ear damage shows that 

the expression of ECM protein in the cochlea is different before and after acute noise 

damage. Bioinformatics analysis suggests that the focal adhesion signaling pathway 

mediated by ECM protein participates in the initiation of the inner ear cell death 

process through a cascade reaction, Which can provide new methods and ideas for the 

research of NIHL prevention and treatment. 
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Table 1 

Table 1.Three groups of guinea pig ABR hearing results (dB SPL, x±s） 

 

group click 4k 8k 16k 

Pre 26.88±8.08 10.94±2.63 12.81±4.32 25.94±9.72 

NE1d 57.00±6.78 61.00±11.58 64.00±9.70 66.00±12.81 

NE7d 45.83±6.07 35.00±11.90 58.33±12.47 58.33±16.75 

F 32.96 75.31 101.96 23.51 

P P<0.01 P<0.01 P<0.01 P<0.01 

 

Annotation: Pre represents the normal control group; NE1d presents first day after 

noise exposure group; NE7d presents seventh days after noise exposure group. 
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Figure 1 

 

 

Figure 1. The cluster analysis of expression patterns among multiple samples showed 

that the expression of inner ear protein was significantly different at different time 

points after noise exposure. A: First day after noise exposure, the protein expression 

of the group is mainly up-regulated relative to the normal control group. B: The 

protein expression of the seventh days after noise exposure group was mainly 

down-regulation compared with the first day after noise exposure group. C: The 

protein expression in the group seventh days after noise exposure was mainly 

down-regulation compared with the normal control group. A total of 3122 proteins 

were identified. 
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Figure 2 

 

Figure 2. Noise exposure significantly affects cochlear protein expression. In the 

volcano map, the abscissa is the logarithmic transformation of the multiple of the 

difference, and the ordinate is the logarithm transformation of the significant 

difference P-value (P<0.05 is statistically significant); the green and red dots indicate 

significant differences Protein (FC≤0.833-green, down-regulated; FC>1.2-red, 

up-regulated), the black dots are proteins with no significant changes. The ordinate in 

the histogram is the protein quantity, and the abscissa is the Log2 logarithm of the 

quantitative ratio FC of the two sets of samples; Among them, the relative 

quantitative ratio of most proteins in each two groups of samples is close to 1, and the 

distribution is more concentrated. The farther the distance is from 1, the difference is 

obvious. A, B. first day after noise exposure group and normal control group, a total 

of 96 proteins with significant differential expression, of which 56 are up-regulated 

and 40 are down-regulated; C, D. seventh days after noise exposure and first day after 

noise exposure Group, there are a total of 90 proteins with significant differential 
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expression, of which 24 are up-regulated and 66 are down-regulated; E, F: seventh 

days after noise exposure group and normal control group, a total of 84 proteins with 

significant differential expression, of which 18 are up-regulated and 66 are 

down-regulated. 
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Figure 3 

 

 

Figure 3. Noise exposure has a significant effect on the expression of 6 proteins 

including TNC, COL11A1, COL11A2, THBS2, COL2A1 and RPL38. The abscissa 

represents the 6 differential proteins related to hearing, and the ordinate represents the 

relative quantitative value of protein markers; the expression of the 6 proteins before 

and after noise exposure was significantly increased, increasing by 6%-30%; on the 

seventh day after noise exposure, TNC protein expression was up-regulated by about 

3%, while the down-regulation of COL11A1, COL11A2 and THBS2 protein 

expression was within 10%, and the down-regulation of COL2A1 and RPL38 protein 

expression was more than 20%. Black represents the normal group; red represents the 

first day group after noise exposure; green represents the seventh day group after 

noise exposure. TNC stands for TenascinC; COL11A1 stands for Collagen type XI 

alpha 1 chain; COL11A2 stands for Collagen type XI alpha 2 chain; COL2A1 stands 

for Collagen type II alpha 1 chain; RPL38 stands for Ribosomal protein L38; THBS2 

stands for Thrombospondin 2. 
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 Table 2  

Table 2. Three signal pathways of differential protein enrichment related to deafness 

 

 

 COL11A1 COL11A2 COL2A1 THBS2 TNC RPL38 

Protein digestion and absorption √ √ √    

Focal adhesion   √ √ √  

ECM-receptor interaction   √ √ √  

 

 

Annotation： 

1. COL11A1, COL11A2, COL2A1 are enriched in the protein digestion and 

absorption signal pathway; 

2. COL2A1, THBS2, and TNC are enriched in Focal adhesion signal pathway; 

3. COL2A1, THBS2, and TNC are enriched in the ECM-receptor interaction signal 

pathway. 
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Figure 4 

 

Figure 4. KEGG Pathway analysis found that the three pathways of Protein digestion 

and absorption, ECM-receptor interaction and Focal adhesion are the most important 

biochemical metabolic pathways and signal transduction pathways of differential 

proteins. The abscissa represents the number of differential proteins enriched, and the 

ordinate represents the description of each KEGG Pathway, that is, the number of 

differential proteins identified in this experiment under a certain KEGG signaling 

pathway. Red means up regulation and green means down regulation. Comparing the 

seventh day post-noise exposure group (NE7d) with the first day post-noise exposure 

group (NE1d), the functional annotations of KEGG Pathway enriched with 

differential proteins (related to deafness) include protein digestion and absorption, and 

extracellular matrix receptors ECM-receptor interaction pathway, focal adhesion 

signal, the red box marks the functional annotation of the signal pathway enriched by 

the difference protein (related to deafness) in this experiment. 
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