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A missense variant rs2585405 in clock it

gene PER1 is associated with the increased
risk of noise-induced hearing loss in a Chinese
occupational population

Hao Chen'", Xuexue Ding'", Enmin Ding?', Mengyao Chen', Huimin Wang? Guangzhi Yang® and Baoli Zhu'*"

Abstract

Objective: To investigate the potential association of cochlear clock genes (CRY1, CRY2, PERT, and PER2), the DNF
gene (brain-derived neurotrophic factor), and the NTF3 gene (neurotrophin3) with susceptivity to noise-induced hear-
ing loss (NIHL) among Chinese noise-exposed workers,

Methods: A nested case—control study was performed with 2056 noise-exposed workers from a chemical fiber fac-
tory and an energy company who underwent occupational health examinations in 2019 as study subjects. Propensity
score matching was conducted to screen cases and controls by matching sex, age, and the consumption of tobacco
and alcohol. A total of 1269 participants were enrolled. Then, general information and noise exposure of the study
subjects were obtained through a questionnaire survey and on-site noise detection. According to the results of audio-
logical evaluations, the participants were divided into the case group (n =432, high-frequency threshold shift > 25 dB)
and the matched control group (n =837, high-frequency threshold shift <25 dB) by propensity score matching.
Genotyping for PERT rs2253820 and rs2585405; PER2 rs56386336 and rs934945; CRYT rs1056560 and rs3809236;

CRY2 152292910 and rs6798; BDNF rs11030099, rs7124442 and rs6265; and NTF3 rs1805149 was conducted using the
TagMan-PCR technique.

Results: In the dominant model and the co-dominant model, the distribution of PERT rs2585405 genotypes between
the case group and the control group was significantly different (P=0.03, P=0.01). The NIHL risk of the subjects with
the GC genotype was 1.41 times the risk of those carrying the GG genotype (95% confidence interval (Cl) of odds
ratio (OR): 1.01-1.96), and the NIHL risk of the subjects with the CC genotype was 0.93 times the risk of those carrying
the GG genotype (95%Cl of OR: 0.71-1.21). After the noise exposure period and noise exposure intensities were strati-
fied, in the co-dominant model, the adjusted OR values for noise intensities of <85 was 1.23 (95%Cl: 0.99-1.53). In the
dominant model, the adjusted OR values for noise exposure periods of < 16 years and noise intensities of < 85 were
1.88 (95%Cl: 1.03-3.42) and 1.64 (95%Cl: 1.12-2.38), respectively.
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Conclusion: The CC/CG genotype of rs2585405 in the PERT gene was identified as a potential risk factor for NIHL in
Chinese noise-exposed workers, and interaction between rs2585405 and high temperature was found to be associ-

ated with NIHL risk.
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Background

Noise-induced hearing loss (NIHL), which ranks the
second among the forms of sensorineural hearing loss
worldwide [1], is an occupational health hazard world-
wide. NIHL is widely acknowledged as a complicated
disease arising from the synergistic effect of inherited
factors and environmental factors [2]. The World Health
Organization and The National Institute of Occupational
Safety and Health have listed NIHL as a research focus.
The pathogenesis of NIHL is not completely revealed at
the moment. Possible hypotheses for the pathogenesis
include the overloaded calcium channels, which stimu-
lates cell apoptosis [3-5]; the production of free radicals
or reactive oxygen species [6—8]; and glutamate excito-
toxicity, activating signaling pathways that lead to cell
death [9]. Variations of NIHL vulnerability exhibited in
individuals had been indicated by previous human and
animal research [10, 11].

The production of circadian rhythm is a process involv-
ing cells. The transcription and expression of PERs and
CRYs are irritated by core clock genes CLOCK and
BMALI, the products of PERs and CRYs combined
with CLOCK and BMALI to inhibit its own transcrip-
tion and expression [12, 13]. When the products reach a
certain level, inhibition stops, and CLOCK and BMALI
start a new transcription cycle [14, 15]. Previous stud-
ies reported that auditory function could be affected by
circadian rhythm [16] and that self-sustaining circadian
rhythm exists in the cochlea [17, 18]. Animal research
indicated that the expression of core clock genes could
be affected by noise, resulting in the disturbance of cir-
cadian rhythm and impairing auditory function [16—18].
Furthermore, some studies revealed that both PERI and
PER2 were expressed in the cochlea and inferior collicu-
lus [17, 18]. BDNF and NTF3 belong to the nerve growth
factor (NGF) protein family [19], with similar structures
[20]. Previous research showed that BDNF and NTF-3
played important roles in the growth and development of
spiral ganglion neurons (SGN). During the development
of the cochlea, neurotrophic factors regulate the differen-
tiation and survival of neurons [21-24].

Clock genes also play an important role in other human
diseases. Loss of the clock gene Perl promoted oral
squamous cell carcinoma progression [25]. The loss of
function of Perl or Per2 led to premature ovarian insuf-
ficiency [26]. CRY1 is a tumor-specific regulator of DNA

repair related to poor prognosis in patients with prostate
cancer [27]. Dysfunctional expression of CRY2 is associ-
ated with the susceptibility to depression [28]. A previous
study revealed that the association of sleep disturbance
and disrupted circadian rhythm led to sudden sensori-
neural hearing loss (SSNHL), with a lower expression of
CRY1 and CRY2 [28]. As far as we know, there has been
no research on the correlation between clock genes and
NIHL susceptibility.

The purpose of this study was to explore the genetic
association between SNPs (single nucleotide polymor-
phisms) of clock and neurotrophic factor genes and the
susceptibility of the Chinese Han population to NIHL,
providing clues for research on genetic susceptibility to
NIHL.

Material and methods

Subjects

The source of subjects for this study was a cohort study
that started in 2012. Employees from a textile factory
and an energy company in eastward China who received
physical health examinations once a year carried by the
Jiangsu Provincial Center for Disease Prevention and
Control were enlisted for our study in 2019. The inclu-
sion criteria were (1) Chinese Han workers (2) with more
than 3 years of noise exposure (hereinafter referred to as
"noise exposure"); (3) exposure to noise with other harm-
ful factors (e.g., high temperature, vibration, organic sol-
vents, and carbon monoxide) that may affect the onset
of NIHL that was below the occupational exposure limit
(GBZ 2.1-2007; GBZ 2.2-2007); and (4) with workplace
monitoring data and integral health surveillance data.
The exclusion criteria were (1) a history of taking oto-
toxic drugs and family history of hereditary deafness and
other head trauma, (2) people with ear diseases such as
ear canal deformity, tympanic membrane perforation.
The study was supported by the Ethical Committee of
the Jiangsu Provincial Center for Disease Prevention and
Control and informed consent was obtained from the
research subjects.

Research design

A nested case—control design was performed in this
study. The participants in this study were part of a cohort
that started in 2012, which included employees exposed
to noise in a textile factory and an energy company in
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eastern China by the Jiangsu Provincial Center for Dis-
ease Prevention and Control who had annual follow-up
examinations. Our research participants were the 2019
cohort of the study begun in 2012.

Questionnaire investigation

This study used the noise-induced hearing loss question-
naire designed by the research group. The content of the
questionnaire included (1) informed consent; (2) basic
information (marriage, sex, age, and education); (3)
tobacco and alcohol consumption habits; (4) current and
past medical history (e.g., hypertension, diabetes, hyper-
lipidemia, and ear diseases); and (5) occupational noise
exposure history (work years, noise exposure years, and
protective measures).

Pure-tone audiometry (PTA) testing and environmental
noise measurement

The pure-tone audiometry was examined applying A
Madsen Voyager 522 audiometer (Madsen, Taastrup,
Denmark). The binaural hearing test was conducted for
all participants after staying away from noise for at least
48 h to eliminate the effect of temporary hearing thresh-
old shift on the results. Then, each subject was exam-
ined at 6 frequencies of 500, 1000, 2000, 3000, 4000, and
6000 Hz, respectively in an soundproof room. The for-
mular for calculating binaural high frequency average
hearing threshold is as follows.
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i is equal to the number of different posts; T refers to
consumption of the time at various locations; L 4, is
equal to sequential sound level of 8 h for different types
of work.

Definition of NIHL and control subjects and propensity
score matching

Hearing abnormity and hearing normality were deter-
mined on the basis of the Chinese diagnostic criteria
applying to occupational noise-induced deafness (GBZ
49-2007). In this study, hearing loss was identified using
binaural high-frequency hearing thresholds outside of
25 dB(A). Correspondingly, hearing normality was iden-
tified by a binaural high-frequency hearing threshold
below of 25 dB(A). The hearing threshold values were
obtained by PTA testing. All participants were divided
into NIHL and normal hearing groups. The NIHL indi-
viduals refer to noise-exposed individuals with hearing
abnormity and the control individuals were determined
as noise-exposed individuals with hearing normality. The
NIHL patients were selected first, and the controls were
matched to the patients according to sex, age, and noise
exposure using propensity score matching at a ratio of
1:2. Eventually, 432 NIHL patients and 837 controls were
selected from all participants.

Extraction of DNA and selection of SNPs and genotyping
Peripheral blood (2 ml) of the subjects was drawn into
ethylene diamine tetraacetic acid (EDTA) tubes, centri-

Binaural high frequency average hearing threshold

_ left(HLskrz + HLakrz + HLekrz) + righ(HLskrz + HLakrz + HLekrz)

6

left is left ear; righ is right ear; HL is missing value of 6
frequencies of 500, 1000, 2000, 3000, 4000, and 6000 Hz,
dB.

Noise exposure level was evaluated in each work-
ing point using noise dosimeters (Noise-Pro; Quest,
Oconomowoc, WI, USA) by the direction of the Chinese
National Criteria for Noise at the Workplace. Cumulative
noise exposure (CNE) was applied to determine noise
exposure level of individuals in this study. The calculation
of CNE is based on the 8-h equivalent continuous sound
level (A) in the operating points, and the formular for cal-
culating CNE is as follows.

1 n
CNE = 10log [T E (Ti % IOLAeq,Bh/IO>]7
ref i1

T,ef refers to 1; n is equivalent to overall number of dif-
ferent work position exposed to noise for the workers;

fuging 3000 r/min for 5 min to extract DNA for geno-
typing. The isolation of DNA from the peripheral blood
was conducted by the QIA cube HT and the QIA amp 96
DNA QIA cube HT Kit (Qiagen, Dusseldorf, Germany).
Subsequent to the isolation, the DNA samples were
stored at — 20 °C until use.

The selection of the SNPs in the target genes was
from the National Center for Biotechnology Informa-
tion (NCBI) database (http://www.ncbi.nlm.nih.gov/)
and previous literature using the standard of a mini-
mum allele frequency (MAF) of>0.05 and present in a
Chinese Han population. In accordance with the stand-
ard, 12 SNPs met the criteria (rs2253820, rs2585405,
rs56386336, rs934945, rs1056560, rs3809236, rs2292910,
rs6798, rs11030099, rs7124442, rs6265rs, and 1805149).
All these SNPs are located in the functional areas of the
chromosomes.
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ABI TagMan SNP genotyping assays (Applied Bio-
systems, Foster City, CA, USA) and genotyping probes
and primers that designed commercially were adopted
to confirm the genotypes of the selected SNPs. The
designed commercial products were mixed with TagMan
Universal PCR Master Mix (Roche, Branchburg, NJ,
USA) respectively following the attached guideline. After
thawing, the extracted DNA were added into mixture.
A QuantStudio " 7 Flex System (Applied Biosystems)
was used to perform the genotyping. The results were
analyzed using QuantStudio = 7 Flex System Sequence
Detection software version 1.2.3 (Applied Biosystems).

Statistical analyses

Statistical analysis was conducted with the assistance
of SAS 9.4 software. The continuous variables and cat-
egorical variables were described as mean+SD and
percentages respectively. The differences in age, years of
exposure to noise, and the intensity of noise exposure
between the NIHL and control groups were evaluated
using Student’s t-tests or paired t-tests. The differences
in sex, tobacco and alcohol consumption, and genotype
distribution among the two groups were compared using
the x* test. Hardy—Weinberg equilibrium in the target
SNPs of the participants were calculated by goodness-
of-fit x* tests. The odds ratios (ORs) with 95% confidence
intervals (95% CI) of the subjects who were different
genotypes were defined using conditional logistic regres-
sion models adjusted for age, sex, smoking, and drink-
ing. The interaction analysis between rs2585405 and high
temperature was performed using MDR 3.0.2 software.
Propensity score matching was conducted using R 4.0.5
software. Sensitivity analysis was performed using SAS
9.4 software. The Bonferroni method was used to correct
all P-values, and statistical significance was determined
as P<0.05.

Results
Basic information of study subjects and Hardy-Weinberg
tests of selected SNPs

General information (sex and age), life habit charac-
teristics (consumption of tobacco and alcohol, noise
exposure, and noise-intensity), and high-frequency
hearing threshold shifts are shown in Table 1. No sig-
nificant difference was found in the general informa-
tion and lifestyle features between the two groups.
However, there was a significant difference in high-
frequency hearing threshold shifts between the NIHL
and control groups (P < 0.001). General information
on the selected SNPs and the results of the Hardy-
Weinberg test are shown in Table 2. All selected
SNPs had minor allele frequencies of > 5% and were
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Table 1 Demographic characteristics of study subjects

Variables Cases (n=432) Controls (n=837) P

n % n %
Age (years) 0.09°
Mean£SD  47.85+548 47434538 0.18°
<35 13 1.0 26 2.1
35-45 89 7.0 219 17.3
>45 330 260 592 46.7
Sex 0.40°
Male 392 309 771 60.8
Female 40 32 66 5.2
Tobacco use 0.93°
Now 194 153 372 293
Ever 170 134 338 26.6
Never 68 54 127 10.0
Alcohol consumption 0.79°
Now 192 15.1 356 281
Ever 33 26 63 5.0
Never 207 163 418 329
Duration of noise exposed work (years) 0.752
Mean+SD  23.72+£1058 23.68+10.55 0.95°
<16 84 0.6 169 133
>16 348 274 668 526
Noise exposure levels (dB) 0.17°
<85 265 209 474 374
85-92 126 99 288 227
>92 41 32 75 59
High frequency hearing thresholds (dB) <0.001?
Mean+SD 0644048 0 <0.001°
<26 155 122 837 66.0
>26 277 214 0 0.0

@ Students’ t-test
5 Two-sided y? test

in Hardy-Weinberg equilibrium (HWE) (P > 0.05),
indicating that the sample selected in this study was
representative of the group and that the gene fre-
quency of the research objects could represent the
gene distribution of the population.

Multivariate analysis of selected SNPs with the risk of NIHL
Twelve SNPs were determined in 1269 workers exposed
to noise (432 NIHL patients and 837 controls). The results
of the genotypes and allele distributions of the twelve
SNPs are shown in Table 3. Analysis of the selected SNPs
in 4 gene models (codominant, dominant, recessive, and
allelic models) showed statistically significant differences
in the genotype frequencies of gene PERI rs2585405
between the cases and controls (P=0.032 and P=0.01,
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Table 2 General information of selected SNPs and Hardy-Weinberg test

Gene SNP Alleles Chromosome Functional Consequence MAF database?® P for HWE®

PER1 rs2253820 A/G 17:8144851 splice region variant 044 0.954
152585405 C/G 17:8143454 missense variant 0.23 0441

PER2 rs56386336 A/G 2:238245307 3'prime UTR variant 0.09 1.000
1s934945 A/G 2:238246412 missense variant 0.17 0.026

CRY1 rs1056560 G/T 12:106991832 3'prime UTR variant 047 0.402
rs3809236 /T 12:107093269 5'prime UTR variant 0.20 0.892

CRY2 1s2292910 C/A 11:45882062 3'prime UTR variant 042 0.994
16798 a) 11:45882926 3'prime UTR variant 0.24 0.892

BDNF rs11030099 A/C 11:27656036 3'prime UTR variant 0.23 0.205
157124442 2 11:27655494 3'prime UTR variant 0.33 0.654
16265 A/G 11:27658369 missense variant 0.20 0.264

NTF3 rs1805149 A/G 12:5494441 missense variant 0.12 0.592

2 Data from NCBI dbSNP
b pvalue of Hardy-Weinberg test

respectively) in the codominant and dominant models. In
the codominant model, the GC and CC genotypes were
risk factors for the onset of NIHL, and individuals with
GC or CC had an increased risk of NIHL (OR=1.41,
95%CI: 1.01-1.96, OR=0.93, 95%CI: 0.71-1.21, respec-
tively) by logistic regression analysis after adjusting for
age, sex, and alcohol and tobacco consumption habits.
In the dominant model, logistic regression analysis after
adjusting for age, sex, and alcohol and tobacco consump-
tion habits demonstrated that individuals with the GC/
CC genotype had a significantly increased risk for NIHL
(OR=1.47, 95%CI: 1.10-1.97). Thus, our data revealed
that the gene PERI rs2585405 may have a significant
association with increased NIHL susceptibility.

Stratified analysis of rs2585405 polymorphism and NIHL
risk

The results of stratified analysis of rs2585405 polymor-
phism and NIHL risk are shown in Table 4. In the group
with noise exposure levels of<85 dB, the distribu-
tion of rs2585405 genotypes was significantly different
between the cases and controls (P=0.03), and individu-
als with GC+ CC genotypes had an increased NIHL risk
(OR=1.23, 95%CI: 0.99—-1.53). In the dominant model, in
the group with noise exposures of <16 and noise inten-
sities of <85 dB, statistically significant differences were
found in the rs258540 genotype distributions between
the cases and controls in (P=0.04 and P=0.01, respec-
tively), and the NIHL risk of individuals with GC/CC
genotypes between the cases and controls increased from
1.47 times before stratification (OR=1.47, 95%CI: 1.10—
1.97) to 1.88 times (OR=1.88, 95%CI: 1.03-3.42) and
1.64 times (OR =1.64, 95%CI: 1.12-2.38).

Multifactor dimensionality reduction analysis

of the interaction between rs2585405 and high
temperature

The results of the multifactor dimensionality (MDR)
analysis of the interaction between rs2585405 and high
temperature are shown in Table 5 and Fig. 1. The results
indicated that the rs2585405*high temperature and
r$6265*rs934945*rs1805149 models were associated with
NIHL risk (OR=1.61 and 1.80, respectively, P<0.001),
which indicated that high temperature and rs2585405
were interactive risk factors for NIHL.

Sensitivity analysis

The results of the sensitivity analysis were consistent with
our analysis. The sensitivity analysis results are attached
to Additional files 1-4.

Discussion

SNPs are considered to be universal genetic variations in
the human genome, and there are as many as 15 million
SNPs among all humans [29]. SNPs are unevenly distrib-
uted in the genome. The frequency of SNPs in non-cod-
ing regions is higher than that in the gene coding regions.
The present methods of detecting SNPs mainly include
denaturing gradient gel electrophoresis, single-strand
conformational polymorphism analysis, cleaved ampli-
fied polymorphic sequence assays, denaturing gradient
gel electrophoresis, and allele-specific PCR (Taq-Man
SNP genotype-PCR).

In this study, a large sample of Han nationality noise
workers was preliminarily analyzed for the associa-
tion between a total of twelve SNPs among clock and
nerve growth factor genes and susceptibility to NIHL.
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Table 3 Distribution of selected SNPs and the association with NIHL
Gene Genetic models Genotypes Cases Controls P? FDR Adjusted OR
(95%C1)°
n=432 % n=2837 %
PER1 rs2585405
Codominant GG 98 227 140 16.7 0.03 0.36 1.00 (Ref.)
GC 198 458 425 50.8 1.41(1.01-1.96)
CcC 136 315 272 325 0.93 (0.71-1.21)
Dominant GG 98 227 140 16.7 0.01 0.12 1.00 (Ref)
GC/CC 334 773 697 833 1.47 (1.10-1.97)
Recessive GG/GC 296 68.5 565 67.5 0.71 0.97 1.00 (Ref)
CcC 136 315 272 325 1.05 (0.82-1.34)
Alleles G 194 31.0 705 556 0.09 0.88 1.00 (Ref)
@ 470 370 969 764 1.15 (0.98-1.36)
rs2253820
Codominant GG 44 10.2 96 115 045 098 1.00 (Ref)
AG 196 454 399 47.7 0.82 (0.55-1.22)
AA 192 444 342 40.9 0.87 (0.68-1.12)
Dominant GG 44 10.2 96 11.5 049 095 1.00 (Ref.)
AA/AG 388 89.8 741 88.5 0.88 (0.60-1.28)
Recessive AG/GG 240 556 495 59.1 0.22 097 00 (Ref. )
AA 192 444 342 40.9 0.86 (0.68-1.09)
Alleles G 284 224 591 46.6 0.22 0.88 00 (Re )
A 580 45.7 1083 853 0.89(0.75-1.07)
PER2 rs56386336
Codominant GG 332 76.9 661 79.0 0.50 0.98 00 (Ref)
AG 96 22.2 165 19.7 126( 40-4.02)
AA 4 09 M 1.3 147 (0.45-4.78)
Dominant GG 332 76.9 661 790 0.39 0.95 1.00 (Ref)
AG/GG 100 231 176 210 0.88 (0.66-1.16)
Recessive GG/AG 428 99.1 826 98.7 0.54 097 1.00 (Ref)
AA 4 0.9 1 13 1.31(0.41-4.15)
Alleles G 760 59.9 1487 171 052 0.90 1.00 (Ref)
A 104 82 187 14.7 1.10 (0.85-1.43)
rs934945
Codominant GG 242 56.0 458 54.7 0.75 0.99 1.00 (Ref)
AG 157 36.3 305 364 1.19(0.77-1.85)
AA 33 76 74 8.8 1.16(0.73-1.82)
Dominant GG 242 56.0 458 54.7 0.66 095 1.00 (Ref)
AG/AA 190 44.0 379 453 1.06 (0.84-1.34)
Recessive AG/GG 399 924 763 91.2 047 0.97 1.00 (Re )
AA 33 7.6 74 8.8 8(0.77-1.81)
Alleles G 641 505 1221 96.2 0.50 0.90 00 (Re )
A 223 17.6 453 357 094 (0.78-1.13)
CRY1 rs1056560
Codominant GG 25 58 54 6.5 037 0.98 1.00 (Ref)
GT 143 331 306 36.6 0.83 (0.51-1.37)
T 264 61.1 477 57.0 0.84 (0.66-1.08)
Dominant GG 25 58 54 6.5 0.64 0.95 1.00 (Ref.)
GT/TT 407 94.2 783 935 0.89 (0.54-1.45)
Recessive GT/GG 168 389 360 430 0.16 097 1.00 (Ref)
TT 264 61.1 477 57.0 0.84 (0.66-1.07)
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Table 3 (continued)
Gene Genetic models Genotypes Cases Controls P? FDR Adjusted OR
(95%C1)°
n=432 % n=837 %
Alleles G 193 15.2 414 326 0.18 0.88 1.00 (Ref)
T 671 529 1260 99.3 0.88 (0.72-1.06)
rs3809236
Codominant cC 276 63.9 514 614 0.59 098 1.00 (Ref)
TC 139 322 282 337 1.32(0.73-2.37)
T 17 39 41 49 1.21 (0.66- 222)
Dominant CcC 276 63.9 514 614 0.39 0.95 1.00 (Ref.
TC/TT 156 36.1 323 386 1.11 (0.87-1.42)
Recessive TC/CC 415 96.1 796 95.1 044 0.97 1.00 (Ref.)
T 17 39 41 49 1.28 (0.72-2.29)
Alleles @ 691 54.5 1310 103.2 0.31 0.90 1.00 (Ref)
T 173 136 364 287 0.90 (0.73-1.10)
CRY2 152292910
Codominant CcC 36 8.3 75 9.0 0.90 0.99 1.00 (Ref)
AC 180 417 340 40.6 0.93 (0.61-1.43)
AA 216 50.0 422 504 1.04 (0.81-1.32)
Dominant CcC 36 83 75 9.0 0.71 0.95 1.00 (Ref.)
AC/AA 396 91.7 762 91.0 092 (0.61-1.39)
Recessive AC/CC 216 50.0 415 496 0.89 0.97 1.00 (Ref)
AA 216 50.0 422 504 1.02 (0.81-1.28)
Alleles C 252 19.9 490 386 0.96 0,99 1.00 (Ref)
A 612 48.2 1184 933 0.99 (0.83-1.19)
16798
Codominant CcC 82 19.0 173 20.7 0.60 0.98 1.00 (Ref)
TC 218 505 398 476 0.96 (0.69-1.35)
T 132 306 266 31.8 1.10 (0.84-1.44)
Dominant CcC 82 19.0 173 20.7 048 0.95 1.00 (Ref.)
TC/TT 350 81.0 664 793 091 (0.68-1.22)
Recessive TC/CC 300 694 571 68.2 0.66 0.97 1.00 (Ref.
T 132 306 266 318 1.06 (0.82-1.37)
Alleles C 382 30.1 744 58.6 091 0.99 1.00 (Ref)
T 482 380 930 733 0.99 (0.84-1.17)
BDNF rs11030099
Codominant CcC 139 322 250 299 0.65 0.98 1.00 (Ref)
AC 195 45.1 398 476 1.08 (0.78-1.48)
AA 98 22.7 189 226 0.95 (0.70-1.28)
Dominant CcC 139 322 250 299 040 0.95 1.00 (Ref.)
AC/AA 293 67.8 587 70.1 1(0.87-143)
Recessive AC/CC 334 773 648 774 0.97 0.97 00 (Ref)
AA 98 227 189 226 1.00 (0.76-1.32)
Alleles C 473 37.3 898 70.8 0.60 0.90 00 (Ref)
A 391 308 776 61.2 0.96 (0.82-1.12)
157124442
Codominant CcC 1 0.2 2 0.2 0.95 0.99 00 (Ref)
TC 58 134 107 128 0.89 (0.08-9. 93)
T 373 86.3 728 87.0 06 (0.75-1.50)
Dominant CcC 1 0.2 2 0.2 1.00 1.00 1.00 (Re )
TC/TT 431 99.8 835 99.8 0.88 (0.08-9.85)
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Table 3 (continued)
Gene Genetic models Genotypes Cases Controls P? FDR Adjusted OR
(95%C1)°
n=432 % n=837 %
Recessive TC/CC 59 13.7 109 13.0 0.75 097 1.00 (Ref)
T 373 86.3 728 87.0 1.06 (0.75-1.49)
Alleles C 60 4.7 m 87 0.77 0.99 1.00 (Ref.)
T 804 634 1563 1232 1.05 (0.75-1.46)
rs6265
Codominant GG 125 289 240 28.7 0.99 0.99 1.00 (Ref.
AG 204 47.2 399 47.7 1.00 (0.73-1.38)
AA 103 238 198 237 0.99 (0.74-1.33)
Dominant GG 125 289 240 287 0.92 1.00 1.00 (Ref.)
AA/AG 307 71.1 597 713 01 (0.78-1.30)
Recessive AG/GG 329 76.2 639 76.3 094 097 1.00 (Ref)
AA 103 23.8 198 237 0.99 (0.76-1.31)
Alleles G 454 358 879 69.3 0.99 0.99 1.00 (Ref.)
A 410 323 795 62.6 1.00 (0.85-1.17)
NTF3 rs1805149
Codominant AA 97 225 188 225 0.54 0.98 1.00 (Ref.)
AG 67 155 m 133 1.02 (0.76-1.36)
GG 268 62.0 538 64.3 1.20 (0.86-1.69)
Dominant AA 97 225 188 225 1.00 1.00 1.00 (Ref)
AG/GG 335 77.5 649 77.5 0.98 (0.74-1.30)
Recessive AG/AA 164 38.0 299 357 043 097 1.00 (Ref)
GG 268 62.0 538 64.3 0.50 (1.09-0.85)
Alleles A 261 20.6 487 384 0.56 0.90 1.00 (Ref)
G 603 47.5 1187 93.6 1.02 (0.89-1.18)

2 Two-sided x? test
b Adjusted for age, sex, alcohol, and tobacco use in a logistic regression model

The results showed that the distribution of the PERI
gene rs2585405 genotypes between the case and con-
trol groups was statistical different in both the co-dom-
inant model and the dominant model. The risk of NIHL
in individuals with the GC/CC genotype was 0.47 times
that of people with the GG genotype (adjusted OR=0.47,
95%CI: 1.10-1.97), indicating that the GC/CC genotype
at rs2585405 may be a risk factor for the onset of NIHL.

Sensory information is transmitted from the coch-
lea to the brainstem by spiral ganglion neurons that are
susceptible to noise, senile, and underlying genetic dis-
eases [30]. Evidence has shown that neurotrophic factors
played an important role in the treatment of hearing loss.
Studies have shown that BDNF and NTF-3 were essential
for establishing synapses and maintaining hearing func-
tion throughout life [31, 32]. Unfortunately, the SNPs
screened in BDNF and NTF-3 in this study did not iden-
tify any sites related to NIHL susceptibility.

In the research of Siwei Chen et al., the De novo mis-
sense variants in Autism Spectrum Disorder (ASD)
patients could impact the risk of ASD by destroying

interaction of protein—protein, which is a universal phe-
nomenon in various diseases [33, 34].Dual-oxidase mat-
uration factor 2 (DUOXA?2) is a component of thyroid
hydrogen peroxidase (H202) generator, which is essential
to hormone synthesis. Congenital hypothyroidism hap-
pened with the genetic defect of DUOXA2 causing the
damage of H202 production system. A novel DUOXA2
missense mutation (I26M) causes goiter that affected
H202 production but did not alter protein expression
levels [35, 36].

Missense mutation refers to a change in a codon that
encodes a certain amino acid to a codon that encodes
for another amino acid after a base substitution, which
changes the type and sequence of amino acids in the
polypeptide chain. As a result of missense mutations,
the polypeptide chain usually loses its original func-
tion. Many protein abnormalities are caused by missense
mutations [37]. Studies had reported that a missense
variant in PER2 was related to delayed sleep—wake phase
disorder in a Japanese population [38]. A previous study
indicated that a missense variant of PERI rs2585405 was
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Table 4 Stratified analyses of rs2585405 polymorphism and NIHL risk
Group Genotype noise exposed (years) Expose level with noise (dB)
<16 >16 <85 85-92 >92

Case GG 27 71 63 26 9

GC 33 165 124 59 15

CcC 24 112 78 41 17
Control GG 34 106 76 55 9

GC 80 345 248 139 38

CcC 55 217 150 94 28
P2 0.11 0.17 0.03 093 0.23
Adjusted OR 1.33 1.1 1.23 1.02 1.07
(95%C\)b (0.93-1.90) (0.92-1.34) (0.99-1.53) (0.76-1.37) (061-1.87)
Case GG 27 71 63 26 9

GC/CC 57 277 202 100 32
Control GG 34 106 76 55 9

GC/CC 135 562 398 233 66
P 0.04 0.07 0.01 0.72 0.16
Adjusted OR 1.88 137 1.64 1.10 1.92
(95%CI)P (1.03-3.42) (0.98-1.91) (1.12-2.38) (0.65-1.85) (0.67-5.52)
2Two-sided x? test
b Adjusted for age, sex, alcohol and tobacco use in a logistic regression model
Table 5 Multifactor dimensionality reduction analysis of the interaction between rs2585405 and high temperature
Models Training balanced Testing balanced Cross svalidation P OR (95%Cl)

accuracy accuracy consistency

rs2585405*High temperature 0.559 0.533 7/10 <0.0001 1.61(1.27-2.05)
rs6265%rs934945%rs1805149 0.579 0.501 3/10 <0.0001 1.80 (1.42-2.28)

associated with the susceptibility to prostate cancer [39].
However, there have been no studies on the correlation
between clock genes and NIHL susceptibility. Therefore,
in future research, the relevant mechanism of this locus
can be explored and more clues on the influence of clock
genes on NIHL can be revealed.

The circadian rhythm process depends upon a tran-
scriptional feedback loop initiated by the heterodimeric
factor CLOCK: BMALI [40]. CLOCK: BMALI activates
the transcription and expression of core clock genes
Period (Perl, Per2, Per3) and Cryptochrome (Cryl and
Cry2). With sufficient expression products, PERs and
CRYs form a complex to inhibit the transcription pro-
cess mediated by CLOCK: BMALI [41-44]. In animal
research, the expression of clock genes was inhibited
when the circadian rhythm in mice cochlea was dis-
turbed. In addition, mice with normal circadian rhythms
in a noisy environment showed higher threshold changes
[45]. It had been reported that patients with sudden
sensorineural hearing loss showed changes in bio-
logical clock genes [46]. These clues suggest that in the

prevention strategies of NIHL patients, workers who are
exposed to night shift noise should pay more attention to
changes in hearing levels.

The research about the interaction between environ-
mental factors and biological factors is essential to reveal
response of specific SNPs to environmental factors. As an
important biological factor in post-transcriptional pro-
cesses, mRNA regulates various biological processes [47—
50]. N4-Acetylcytidine was found being existing broadly
on mRNA, which improved stability of mRNA and effi-
ciency of protein translation [51-53]. Some studies have
shown that mRNA plays an important role in the occur-
rence and development of hearing loss [47]. It had been
suggested that the networks of microRNA-messenger
RNA interactions existed in age-related hearing loss on
the basis of researches in aging mice [54, 55].

As far as we know, this study is the first to investigate
the correlation between clock gene polymorphisms and
NIHL susceptibility, but the study had some shortcom-
ings. First, although the number of samples in our study
was comparatively large compared to previous studies,
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Fig. 1 Graph model of the interaction between rs2585405 and high temperature (A rs2585405*High temperature model, B
156265*rs934945%rs1805149 model). Dark gray and light gray boxes presented the high- and low-risk factor combinations, respectively. Left bars
within each box represented case while the right bars represented control. The heights of the bars are proportional to the sum of samples in each
group

the power of the statistical test was not adequate to con-
firm the small biological effects of a single SNP possibil-
ity. Therefore, larger sample sizes and cohort studies are
needed to confirm the impact of clock gene polymor-
phisms on NIHL risk in the future. Secondly, the sub-
jects in this case—control study were limited to a Chinese
population, the trans-ethnic meta-analysis and subgroup
meta-analysis according to ethnicity, sex, gene-dosage,
and age, based on the selected SNPs was not available to
conducted for the limited genotype data [56—60]. There-
fore, our results may be more applicable to the Chinese
Han population, but the application to other popula-
tions may be limited. Thirdly, although the statistical
significance between rs2585405 and NIHL susceptibility

had been found in our study, it is still not able to deter-
mine the disease by the variant. So, the machine-learn-
ing model is relatively essential to predict disease risk
based the significant SNP in the future research [61, 62].
Fourthly, the causality of the genetic variant in the devel-
opment of noise-induced hearing loss was not revealed
clearly in our research. So, the genotype data can be
integrated with eQTL from GTEX or pQTLs to explore
whether the polymorphisms in these genes are causally
triggering the development of noise-induced hearing loss
through mediating the expression of these genes in spe-
cific tissues in further study [63-66].
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Conclusions

In conclusion, the G allele of the PERI gene rs2585405 was
associated with NIHL risk, and the site interacts with the
factor of high temperature. Therefore, our results indicated
that PERI rs2585405 may play a key role in NIHL and may
serve as a biomarker for workers exposed to noise. In addi-
tion, this research provides a new research direction that
an imbalance in circadian rhythm can impair auditory
function.
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