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Abstract: Objectives: Noise-induced hearing loss (NIHL) is an important occupational disease which results from an
interaction between genetic and environmental factors. More and more evidences suggested that Catalase (CAT)
gene polymorphism plays an important role in the development of NIHL. The aim of this study was to investigate
the association of CAT gene polymorphisms with NIHL in a case-control study. Design: A total of 719 unrelated adult
Chinese Han population, including 225 healthy volunteers and 494 noise-exposed workers were recruited in this
study. Six tag single-nucleotide polymorphisms (tSNPs) were genotyped using an improved multiplex ligation detec-
tion reaction technique. Subsequently, the interaction between noise exposure level and genotypes and their effect
on NIHL were analyzed using logistic regression. Results: Among six tSNPs, two of them (rs208679 and rs769217)
were significantly associated with noise exposure level. For rs208679 recessive effect, GG genotype had a signifi-
cantly increased of NIHL risk in the exposure level of < 85 dB; and for rs769217 dominant effect, the combined
genotypes TT/TC had a significantly increased of NIHL risk in the exposure level of 85 dB~92 dB; and the haplotype
A-G-T-C-A-C had a risk effect on the NIHL in the exposure level of 85 dB~92 dB. In addition, the rs769217 polymor-
phism could enhance the transcription activities of the CAT gene. Conclusions: This study identified CAT is a NIHL
susceptibility gene when noise exposure levels are taken into account. Rs208679 and rs769217 polymorphisms
might be used as relevant risk estimates for the development of NIHL in population with different noise exposure
levels.
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Introduction ied environmental factors causing hearing loss,
is harmful over 85 dB and causes both mechan-
ical and metabolic damage [2]. Several other
environmental factors, such as exposure to
chemicals like organic solvents and heavy met-
als, also can augment the effect of noise [3, 4].
In addition, some habit disturbances and dis-

ease such as smoking, high blood pressure and

Noise-induced hearing loss (NIHL) is the sec-
ond most frequent forms of sensorineural hear-
ing loss and forms of worldwide high occupa-
tional health-risk. It is mainly caused by contin-
uous and regular exposure to noise, and also
be the result of single or repeated occasions of
acoustic trauma [1]. Recent studies suggest

that NIHL is a complex multigenic disease,
which has a large variation in susceptibility to
noise, after exposure to the same duration and
intensity of noise. NIHL is caused by an interac-
tion between genetic and environmental fac-
tors. Noise, the best-known and the most stud-

cholesterol levels can influence the susceptibil-
ity to noise [5]. Although it seems that suscepti-
bility to noise is affected by genetic factors, up
to now little is known about the genetic factors.
No formal heritability studies regarding variabil-
ity in noise susceptibility have been realized.
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Oxidative stress is a biological condition that is
characterized by production of excessive
amounts of oxidants or decreased levels of
antioxidants. There are numerous studies on
the role of oxidative stress in hearing loss. It
has been demonstrated that noise exposure
can cause an initial increase in cochlear blood
flow. Within a short period, there is an abrupt
decrease in cochlear circulation seen by an
aggregation of RBCs, capillary vasoconstric-
tion, and stasis [6]. This intense metabolic
activity and decreased cochlear blood flow
from noise exposure alters cellular redox states
and drives the formation of free radicals [7].
Excessive amounts of free radicals can dam-
age cellular DNA, proteins, and lipids, as well as
unregulated apoptotic pathways, causing cell
death and irreparable damage to eloquent
hearing structures [8]. On the other hand, oxi-
dative stress results from impaired oxidative
defense mechanisms, such as depletion of
enzymatic (e.g., superoxide dismutase SOD,
catalase CAT and glutathione peroxidase GPX)
and non-enzymatic (e.g., glutathione GSH, vita-
mins A, C, and E, and selenium) antioxidants
[9].

CAT is a ubiquitous enzyme found in all known
organisms that is most abundant in liver, kid-
ney, and erythrocytes. Together with SOD and
GPX, CAT constitutes a primary defense against
oxidative stress, functioning as an important
regulator of H,0, metabolism [10]. CAT gene
polymorphism in promoter regions affects tran-
scription factor binding and thus decreases
CAT enzymatic activity leading to increased for-
mation of hydroxyl radicals and elevated risk of
diseases [11]. Recently, the association of the
CAT gene polymorphisms with hypertension,
angle closure glaucoma, Alzheimer’s disease
and vitiligo has been investigated [12-14].
However, only scanty reports about the genetic
effects on NIHL [6, 15]. In addition, little is
known about the global biosignificance of the
entire genetic variants within the whole CAT
gene.

Given the pivotal role of the CAT in the patho-
genesis of NIHL, in this study, we hypothesized
that the genetic variations in the CAT gene
might affect the development of NIHL in work-
ers following exposure to noise. To comprehen-
sively assess the association of common
genetic variants within the entire CAT gene with
NIHL susceptibility, we selected a set of tag
SNPs (tSNPs) to investigate their clinical rele-
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vance in relation to the development of NIHL in
workers with noise exposure.

Materials and methods
Study design and data collection

A total of 719 unrelated Han Chinese adults,
including 225 healthy volunteers and 494 fac-
tory workers with noise-exposure, were recruit-
ed from the Chongging district for this study.
The protocol of this study was approved by the
Ethical and Protocol Review Committee of the
Third Military Medical University. The benefits
and risks of study participation were fully
explained to each subject and written informed
consent was obtained from the participants or
their next-of-kin.

Healthy control group

The healthy volunteers control group comprised
of 136 men and 89 women with a median age
of 35 (18-55) years. Informed consent was
obtained from the participants or their next
commit university staff in the Daping hospital.
Formal screening for psychological disorders
was not undertaken in the control population.
All controls were recruited in the Chonggqing
region and all were Han population.

Participants with noise-exposure

494 workers with noise-exposed were recruit-
ed from the factories where they were all
exposed to at least 1 year of exposure to the
continuous and steady noise in the regions of
Fuling, Tongliang and Changshou in Chongging,
China, during the period from January 2011 to
December 2012. Included workers had to meet
the following criteria: Han Chinese, no history of
middle ear disease, no family history of hearing
loss, no history of using potentially ototoxic
drugs (e.g., aspirin, quinolones, and amino gly-
cosides), no history of fever or common infec-
tions (e.g., influenza, diarrhea, and hepatitis)
within 1 month before medical examination.
The health status was evaluated in all workers
using a questionnaire and by clinical and labo-
ratory examination. A questionnaire was used
to obtain general information, occupational his-
tory, lifestyle (smoking and drinking status), his-
tory of explosive noise exposure, and history of
disease [16]. The questionnaire was adminis-
tered through face-to-face interviews by trained
interviewer to obtain information. The clinical
laboratory examination included signs, weight,
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height, pulse, electrocardiogram, B-echography,
blood pressure, blood routine, and hepatic
function test.

Audiological assessment and definitions of
hearing loss

Pure-tone audiometry was performed for both
ears of workers at 0.5, 1.0, 2.0, 3.0, 4.0, 6.0,
and 8.0 kHz. All auditory tests were performed
in a sound-attenuating booth by a trained tech-
nician. Audiometry was done using Swiss Mid-
imate RT-150 Audiometer (BrT-1 & Kjaer
Company) calibrated to ISO 389 (1985-E) for
measurement of air conduction. Threshold va-
lue was defined as the lowest signal intensity
that was detected in the subject at least 50% of
the time, with a minimum of 3 tries. Masking
was performed if the subject had a threshold
value that differed by 40 dB or more between
both ears. Otoscopic examination of the exter-
nal acoustic meatus and tympanic membrane
was done to exclude any ear diseases. Hearing
loss can either be in the low-frequency range
(0.5-2.0 kHz) or high-frequency range (4.0-8.0
kHz). We took the mean threshold of 0.5, 1.0,
and 2.0 kHz (PTA512) as low-frequency hearing
status and the mean threshold of 4.0, 6.0, and
8.0 kHz (PTA468) as high-frequency hearing
status. Hearing threshold worse than 25 dB in
either low frequency or high frequency was
defined as hearing loss. A total of 191 unrelat-
ed Chongging Han patients (115 men and 76
women) meeting diagnostic criteria for NIHL
from 494 participants with noise exposure
were recruited for the study.

Selections of SNPs

The full sequence of the human CAT gene
(Accession Number: NC-000011.9 Reference
GRCh37.p5 Primary Assembly) observed in the
current study included 10 kb upstream of the
transcription start site, all exons and introns
and 10 kb downstream of the stop codon
(33.235 kb total), which was pinpointed to
chromosome 11, position 34460472-34493-
607 (data retrieved from Genbank in the Web
site of NCBI). Genetic variation data for the
entire CAT gene was obtained from the HapMap
project for 45 healthy Chinese Han Beijing
(CHB) populations (www.hapmap.org). From
this database, a total of 105 SNPs were identi-
fied, among which, 44 SNPs with minor allele
frequency (MAF) of more than or equal to 0.10
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were selected for the analysis of htSNPs.
Haplotype blocks were constructed throughout
the entire CAT gene, using Haploview, version
4.2 (Broad Institute of MIT and Harvard,
Cambridge, MA), a software package that pro-
vides computation of LD statistics and popula-
tion haplotype patterns from genotype data
[17]. Haplotype blocks represent regions inher-
ited without substantial recombination in the
ancestors of the current population. The history
of recombination between a pair of SNPs can
be estimated with the use of the normalized
measure of allelic association D’ (value of D
prime between the two loci) [18, 19]. The crite-
ria for the selected SNPs to construct a haplo-
type block is that all SNPs in one region must
be in strong LD with D’ > 0.98 for the upper
95% confidence bound, and > 0.7 for the lower
bound. A maximally informative htSNP was
then selected from each block using software
Tagger program (http://www.broad.mit.edu/
mpg/haploview). This algorithm selects a sub-
set of variants that capture all known common
genetic variations in a gene, based on an LD
threshold of r? > 0.8. The inverse of r? repre-
sents the ratio of sample size needed to detect
an indirect association with an un-assayed SNP
to direct association at the same power.

SNPs genotyping

The genomic DNA was extracted from periph-
eral blood leukocytes using a Wizard Genomic
DNA Purification Kit (Promega, Madison, Wis-
consin, USA) following the manufacturer’s ins-
tructions. A multiplex polymerase chain reac-
tion (PCR)-ligation detection reaction method
was used for genotyping the selected 6 tag
SNPs. For each SNP, the alleles were distin-
guished by different fluorescent labels of allele
specific oligonucleotide probe pairs. Different
SNPs were further distinguished by different
extended lengths at the 3’ end. The primer
information in two mixtures is described in
(Table 1). Genotyping was performed in a blind-
ed fashion without knowledge of the patients’
clinical data, and approximately 10% of the
samples were genotyped in duplicate to moni-
tor genotyping quality.

Ex vivo CAT levels in whole blood

A human whole-blood assay was used centrifu-
gation at 4,000 rpm for 15 min; the superna-
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Table 1. The primer sequence and concentration in PCR mixturel

was transfected into HEK-

Primer Name Primer Sequence

Annealing Temperature

293T cells using Lipofecta-

rs10836233 F TGCTATGGCCATCACCAGACAC
rs10836233 R CCACAGCTCCATGACTCCTGTTC
rs208679 F GCCCACTTTGTCACAGGCAGAA
rs208679 R GGCTCTACACTGAGGGATTTTCCAATA
rs2300182 F GTTGAAGCTTTCCTGCCCCACT
rs2300182 R CCTCCTGCCCAATGAAGGAATC
rs7104301 F TCAGCACTGATTTCACAACAGATCA
rs7104301 R TGGAGTCCTCGAGATACTGGCATTT
rs769217 F CCTTTTTGCCTATCCTGACACTCAC
rs769217 R AGGGGGAGCCCAACGTCTTTAG
rs7949972 F GCTGGTCTTTGGTTACCCTGGTATT
rs7949972 R CATTCCCCAGGGATCACTCTGA

54.6°C mine 2000™ (Life Technolo-
gies, Carlsbad, CA, USA)

56.5°C

. and incubated for 48 h. The
54.6°C . -

. luciferase activities were
44‘4°C determined by using the
54.6°C Dual-Glo Luciferase Assay
54.6°C system (Promega, Madison,
48.0°C WI, USA) with a luminome-
49.0°C ter. In this system, tran-
48.0°C scriptional activity was mea-
59.0°C sured by Renilla luciferase
48.0°C activity and was normalized
54.6°C by Firefly luciferase activity

tants were aspirated and aliquoted for storage
at -80°C. CAT in the supernatants was assayed
with a sandwich enzyme linked immunosorbent
assay (ELISA), according to the manufacturer’s
instructions (Endogen, Woburn, MA, USA). The
detection limits of the assay were 15 pg/ml.

Functionality of the rs769217 polymorphism

The possible effect of rs769217, which is locat-
ed in exon9 of the CAT gene (Asp-389 T > C), on
the transcription activity was investigated using
a reporter gene assay system [20]. The DNA
samples were amplified with a forward primer
(5” CAGCGTGACGGCCCGATGT 3’ for wild type,
and 5 CAGCGTGATGGCCCGAT GT 3’ for mutant
type) and a reverse primer (5 CCTCCAGGGC-
CACAGCAGAAC 3'). Accordingly, two different
PCR products with 595 bp (from +22428 to
+22923 of the CAT gene containing T or C allele
at position +22436), including the rs769217-C
and rs769217-T alleles respectively, were ob-
tained, which is located in exo 5’ CAGCGTGA-
CGGCCCGATGT 3’ for wild type, and 5’ CAGC-
GTGATGGCCCGAT GT 3’ for mutant type) and a
reverse primer (5" CCTCCAGGGCCACAGCAGAAC
3’). The PCR products had no sequence differ-
ence at any sites other than rs769217. The PCR
products for each allele were gel purified by
using MiniBEST Agarose Gel DNA Extraction Kit
Ver.4.2 (TaKaRa, Dalian, China) and then cut
with Sacl and Xhol restriction enzymes. Two
products were directly inserted into the Sacl
and Xhol sites of the pmirGlo du-luciferase
reporter gene vector (Promega, Madison, WI,
USA) by using T4 DNA ligase (TaKaRa, Dalian,
China). The inserts containing rs769217-C or
rs769217-T were cofirmed by PCR-direct sequ-
encing. Plasmid with rs769217-C or rs769217-T
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in each assay (i.e., in the
same well), results are ex-
pressed as fold increase in relative luciferase
activity of Firefly and Renilla (F/R). The experi-
ment was replicated three times, with quintupli-
cate assays performed within each replicate.

Statistical analyses

Allele frequencies for each tSNP were deter-
mined by gene counting. The genotype distribu-
tion of each tSNP was analyzed for deviations
from the Hardy-Weinberg equilibrium using x?
analyses. The extent of pairwise LD (r>value)
between polymorphisms was determined using
Haploview version 4.2 software. Three genetic
models were used (allele-dose, dominant, and
recessive). A Fisher’s exact test was performed
to identify statistical associations between
genotype and disease status. A Pearson’s x2
test was performed to identify statistical asso-
ciations between allele and disease status.
ORs with 95% confidence intervals were calcu-
lated by using multivariate logistic regression
models to estimate the relative risk of NIHL.
Haplotypes were generated and analyzed for
linkage disequilibrium (LD) measures (D’ and r?)
using JLIN [21]. All P-values were two-sided,
and P < 0.05 after the Bonferroni correction for
multiple testing was defined as statistically sig-
nificant. All statistical analysis was carried out
using the SPSS version 17.0 statistical soft-
ware package (SPSS, Inc, Chicago, IL, USA).

Results

Construction of haplotype bins and selection
of tag SNPs

There are a total of 6 tag SNPs with a minor
allele frequency (= 10%) in the CHB population,
which constructed four haplotype bins. Based
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Table 2. Frequencies of CAT gene polymorphisms in healthy volunteers and workers with noise exposure

healthy volunteers

workers with noise exposure

Genotype, N MAF HWE Genotype, N MAF HWE

NCBI rs* Location  Position Variant MAF (Hap-

map -HCB)
rs208679 5’flanking -6411 A/G 0.22 AA 130
rs10836233  5'flanking -2900 G/A 0.30 GG 107
rs2300182 Intron1 7376 T/A 0.23 TT 155
rs769217 exon9 (synon) 22436 T/C 0.49 TT 41
rs7104301 3'flanking 33166 A/G 0.23 AA 124
rs7949972 3'flanking 41570 Cc/T 0.45 CC 76

AG82 GG13 0.24 0.99 AA285 AG179 GG30 0.24 0.79
GA94 AA24 032 0.62 GG261 GA171 AA60 0.30 0.09
TA66 AA4 046 033 TI331 TA144 AA19 0.18 0.50
TC124 CC60 0.46 0.10 Tr108 TC243 CC143 0.46 0.80
AG85 GG16 0.26 0.98 AA279 AG184 GG31 0.25 0.93
CT110 TT39 042 0.78 CC169 CT222 TT1103 0.43 0.06

MAF indicates minor allele frequency; HWE indicates Hardy-Weinberg Equilibrium.

on the analysis of tagging threshold of SNPs in
each bin, one htSNP was selected for genotyp-
ing. With the pairwise analysis of linkage dis-
equilibrium (LD) based on r?, we found there
were 44 SNPs with a minor allele frequency
(MAF) > 10% within the CAT gene and the 10-kb
up- and downstream regions. The selected six
tag SNPs (tSNPs) are indicated by trigones. A
LD plot of the 44 SNPs in the 33.235-kb region
is displayed by using an r? black-and-white color
scheme. Black represents very high LD correla-
tion between SNPs (r?= 0.8 to 1), and white
indicates the absence of correlation between
SNPs (r? = 0 to 0.2).

Allele frequencies and genotype distribution of
the CAT gene polymorphisms

The genotyping success rates of the six tSNPs
by an improved multiplex ligation detection
reaction (iMLDR) technique ranged from 99.6%
to 100% in our study cohort. The MAFs among
the 225 healthy volunteers and the 494 work-
ers with noise exposure were quite similar to
those observed in the 45 unrelated CHB
cohorts in the HapMap database. The geno-
type distribution of all six tSNPs was in agree-
ment with the Hardy-Weinberg equilibrium (P >
0.05) (Tables 2, 3), indicating that the allele
and genotype frequencies of these tSNPs in
the population remain constant, which sug-
gests that they are in equilibrium from genera-
tion to generation.

Clinical association of CAT gene polymophisms
with development of NIHL in workers with
noise exposure

A total of 719 unrelated Han Chinese adults,
including 225 healthy volunteers and 494
workers with noise exposure, were recruited
from the Chongging district for this study. The
worker cohort comprised a total of 494 con-
secutive Han Chinese patients, 303 males and
191 females, with mean + SD age of 34.5+ 5.4
years. Among these 494 workers with noise
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exposure, total of 191 unrelated Chongqing
Han workers (121 men and 70 women) in acc-
ordance with the diagnostic criteria for NIHL.
There were no significant differences in age
and sex ratio among patients stratified accord-
ing to the different genotypes of each tSNP. The
P values of each polymorphism were analyzed
with respect to a comparison between NIHL
workers and the controls (including 225 healthy
volunteers and the workers with noise expo-
sure without NIH (-), respectively) by logistic
analysis. It was found that none of six tag SNPs
of the CAT gene has a significant effect on noise
susceptibility across all exposure levels (P >
0.05). However we further used stratification
analysis for the dominant or recessive effect
and for the interaction between genotype and
noise exposure level for every single SNP, we
detected that in recessive effect, compared
with the combined genotypes rs208679 GA/
AA, rs208679 GG genotypes had a significantly
increased effect on NIHL risk in the exposure
level of < 85 dB (OR = 6.39, 95% CI: 0.83 to
49.35, P=0.046) (Table 4); in dominant effect,
compared with rs769217 CC genotypes, the
combined genotypes rs208679 TT/TC had a
significantly increased NIHL risk in the expo-
sure level of 85 dB~92 dB (OR = 1.59, 95% CI:
1.02 to 2.48, P = 0.048) (Table 5) and healthy
volunteers (OR = 1.62, 95% CI: 1.02 to 2.59, P
= 0.043) (Table 6), which suggests a differen-
tial effect of the genotype on the noise suscep-
tibility according to the noise exposure level.

Combination effects of the six tag SNPs

Because LD has been suggested to be highly
structured as conserved blocks of sequence
separated by hotspots of recombination, the
final function of a conserved haplotype may be
the result of interaction among polymorphisms
within the block. The LD coefficient between
polymorphisms was calculated which showed
that all genotyped polymorphisms are in strong
LD. Six tagging SNPs in the LD block were elect-

Int J Clin Exp Pathol 2015;8(3):2852-2863



CAT gene polymorphisms and its clinical relevance

Table 3. Frequencies of CAT gene polymorphisms in all workers without NIHL (-) and with NIHL (+)

. o . without NIHL (-) with NIHL (+)

NCBI rs* Location Position Variant MAF (Hapmap-HCB)

Genotype, N MAF  HWE Genotype, N MAF  HWE
rs208679 5'flanking -6411 A/G 0.22 AA 171 AG 112 GG20 0.25 0.77 AA114 AG67 GG10 0.23 0.97
rs10836233  5'flanking -2900 G/A 0.30 GG 155 GA111 AA36 030 0.02 GG106 GABO AA24 0.28 0.002
rs2300182 Intron1 7376 T/A 0.23 TT203 TA87 AA13 0419 035 Tr128 TAS57 AAG6 018 0.91
rs769217 exon9 (synon) 22436 T/C 0.49 TT61 TC160 CC82 0.47 0.29 TT147 TC83 CC61 0.46 0.08
rs7104301 3'flanking 33166 A/G 0.23 AA173 AG115 GG15 024 046 AA106 AG69 GG16 0.26 0.32
rs7949972 3’flanking 41570 Cc/T 0.45 CC104 CT140 TT59 043 034 CC65 CT82 TT144 045 0.07

MAF indicates minor allele frequency; HWE indicates Hardy-Weinberg Equilibrium.

Table 4. Analyses of association of CAT gene polymorphisms with the risk of NIHL between workers with NIHL (+) and without NIHL (-) in the low-

level exposure group (< 85 dB)

) Vari- Geno- Frequency Allele-dose Dominant” Recessive®
NCBI rs* Location - -
ant  type  Without NIHL (-)  with NIHL (+) P OR (95% Cl) P OR (95% Cl) P OR (95% Cl)
rs208679 5’flanking A/G AA 99 (58.20) 42 (62.70) 0.13 1.41(0.86~2.30) 0.56 1.21(0.67~2.16) 0.046 6.39 (0.83~49.35)
AG 56 (32.90) 24 (35.80)
GG 15 (8.80) 1(1.50)
rs10836233  5'flanking G/A GG 82 (48.50) 35(53.00) 0.70 0.93(0.60~1.44) 0.82 1.16(0.48~2.81) 0.56 0.84 (0.47~1.48)
GA 69 (40.80) 23 (34.80)
AA 18 (10.70) 8(12.10)
rs2300182 Intron1 T/A 111 (65.30) 40 (59.70) 0.67 1.25(0.77~2.03) 0.51 1.48(0.42~2.23) 0.46 1.27(0.71~2.27)
TA 52 (30.60) 23 (34.30)
AA 7 (4.10) 4 (6.00)
rs769217 exon9 (synon) T/C T 36 (21.20) 16 (23.90) 0.82 0.88(0.59~1.32) 1.00 0.96(0.49~1.86) 0.38 0.75(0.38~1.45)
TC 90 (52.90) 36 (53.70)
ccC 44 (25.90) 15 (22.40)
rs7104301 3'flanking A/G AA 103 (60.60) 37 (565.20) 0.69 0.82(0.51~1.30) 0.47 0.80(0.45~1.42) 0.51 0.68(0.19~2.39)
AG 60 (35.30) 26 (38.80)
GG 7 (4.10) 4 (6.00)
rs7949972 3'flanking c/T ccC 61 (35.90) 19 (28.40) 0.29 0.72(0.48~1.08) 0.23 0.68(0.37~1.26) 0.22 0.63(0.33~1.23)
CT 78 (45.90) 30 (44.80)
T 31 (18.20) 18 (26.90)

“Dominant effect = variant homozygotes + heterozygotes versus wild-type homozygotes; “Recessive effect = variant homozygotes versus heterozygotes + wild-type homozygotes.
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Table 5. Analyses of association of CAT gene polymorphisms with the risk of NIHL between workers with NIHL (+) and without NIHL (-) in the
middle noise level exposure group (85~92 dB)

) . Geno- Frequency Allele-dose Dominant” Recessive”
NCBI rs* Location  Variant - -
type  without NIHL () with NIHL(+) P OR (95% Cl) P OR (95% Cl) P OR (95% Cl)
rs208679 5'flanking A/G AA 170 (56.40) 72 (58.10) 0.89 1.03(0.73~1.25) 0.83 1.07(0.70~1.63) 0.83 0.90(0.40~2.04)
AG 112 (37.00) 43 (34.70)
GG 20 (6.60) 9 (7.30)
rs10836233 5'flanking  G/A GG 155 (51.30) 71(57.30) 0.41 0.88(0.64~1.23) 0.29 0.79(0.52~1.20) 0.75 1.10 (0.58~2.06)
GA 113 (37.40) 38 (30.60)
AA 34 (11.30) 15 (12.10)
rs2300182 Intron1 T/A T 203 (67.00) 88 (71.00) 0.36 0.79(0.53~1.18) 0.49 0.83(0.53~1.31) 0.25 0.37 (0.08~1.65)
TA 87 (28.70) 34 (27.40)
AA 13 (4.30) 2 (1.60)
rs769217 exon9 T/C T 61 (20.10) 31 (37.10) 0.02 1.11(0.82~1.49) 0.048 1.59(1.02~2.48) 0.30 0.76(0.46~1.24)
(synon) TC 160 (52.80) 47 (37.90)
cC 82 (27.10) 46 (25.00)
rs7104301  3'flanking  A/G AA 173 (57.10) 69 (55.60) 0.18 0.85(0.61~1.19) 0.83 0.94(0.62~1.44) 0.08 0.49 (0.22~1.07)
AG 115 (38.00) 43 (34.70)
GG 15 (5.00) 12 (9.70)
rs7949972  3'flanking  C/T cC 104 (34.30) 46 (37.10) 0.75 1.03(0.76~1.38) 0.58 1.16(0.75~1.79) 0.69 0.89 (0.53~1.50)
CT 140 (46.20) 52 (41.90)
T 59 (19.50) 26 (21.00)

“Dominant effect = variant homozygotes + heterozygotes versus wild-type homozygotes; *Recessive effect = variant homozygotes versus heterozygotes + wild-type homozygotes.
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Table 6. Analyses of association of CAT gene polymorphisms with the risk of NIHL between healthy volunteers and workers with NIHL (+) in the
middle noise level exposure group (85~92 dB)

Frequency Allele-dose Dominant” Recessive*
NCBI rs* Location Variant teno- healthy workers with
ype volunteers NIHL (+) P OR (95% Cl) P OR (95% Cl) P OR (95% Cl)
rs208679 5'flanking A/G AA 130(57.80) 72(58.10) 0.84 0.97(0.67~1.39) 1.00 1.01(0.65~1.58) 0.65 0.78(0.33~1.89)
AG 80 (36.40) 43(34.70)
GG 13 (5.80) 9 (7.30)
rs10836233 5'flanking G/A GG 107 (47.60) 71(57.30) 0.12 0.82(0.58~1.15) 0.60 1.24(0.63~2.44) 0.09 0.68 (0.44~1.05)
GA 94 (41.80) 38(30.60)
AA 24 10.70) 15(12.10)
rs2300182 Intron1 T/A T 155 (68.90) 88(71.00) 0.92 0.92(0.60~1.41) 0.72 0.91(0.56~1.46) 1.00 0.91(0.16~5.02)
TA 66 (29.30) 34 (27.40)
AA 4 (1.80) 2 (1.60)
rs769217 exon9 (synon)  T/C 1T 41(18.20) 31 (37.10) 0.009 1.08(0.79~1.47) 0.043 1.62(1.02~2.59) 0.17 0.67 (0.39~1.14)
TC 124 (55.10) 47 (37.90)
ccC 60 (26.70) 46 (25.00)
rs7104301 3'flanking A/G AA 124 (55.10) 69 (55.60) 0.65 0.95(0.67~1.35) 0.11 1.42(0.93~2.17) 0.42 0.72(0.33~1.56)
AG 85 (37.80) 43(34.70)
GG 16 (7.10) 12 (9.70)
rs7949972 3’flanking C/T CC 76 (33.80) 46 (37.10) 0.44 0.99(0.73~1.36) 0.56 1.16(0.73~1.83) 0.47 0.79(0.45~1.37)
CT 110 (48.90) 52 (41.90)
TT 39 (17.30) 26 (21.00)

“Dominant effect = variant homozygotes + heterozygotes versus wild-type homozygotes; “Recessive effect = variant homozygotes versus heterozygotes + wild-type homozygotes.
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Table 7. Analyses of association of CAT gene haplotypes with the risk of NIHL between workers with
NIHL (+) and without NIHL (-) in the middle noise level exposure group (85~92 dB)

. . Frequency . .
Loci Genotype Chi? Pearson’s p Odds Ratio (95% ClI)
NIHL (+) NIHL (-)
htl AATTAC 68.00 (0.27) 168.99 (0.28) 0.06 0.80 0.96 (0.69~1.3)
ht2 AGATAT 37.99 (0.15) 105.03 (0.17) 0.64 0.43 0.85 (0.57~1.27)
ht3 AGTCAC 11.00 (0.04) 11.98 (0.02) 3.92 0.048 2.27 (0.99~5.22)
ht4 AGTCGT 64.01 (0.26) 144.92 (0.24) 0.23 0.63 1.09 (0.77~1.53)
ht5 GGTCAC 60.00 (0.24) 149.98 (0.25) 0.08 0.78 0.95 (0.67~1.35)

“Note: Haplotypes were ignored if the haplotype frequency was less than 3%.

Catalase Levels (ng/ml)

AA AG GG

Figure 1. Effect of the rs208679 on human CAT
blood levels (ng/ml). One-way ANOVA was used to
assess statistical significance, AA (9.08 + 3.90 ng/
ml, n = 28), AG (9.79 % 3.66 ng/ml, n=18), and GG
(10.58 +1.27 ng/ml, n=4), P = 0.67.

ed, haplotypes were reconstructed and the
haplotype frequencies were compared between
workers without NIHL (-) and with NIHL (+).
Haplotype analysis showed haplotype, ht3
(A-G-T-C-A-C), was significantly higher in work-
ers with NIHL (+) compared with workers with-
out NIHL (-) in the exposure level of 85 dB~92
dB, suggesting that haplotype ht3 had a risk
effect on the NIHL development (OR = 2.27,
95% Cl: 0.99 to 5.22, P = 0.048) (Table 7), but
no significant effect on the exposure level of <
85 dB. However, haplotype association analy-
sis did not provide a higher OR or a more signifi-
cant result of P values than that of single locus
SNPs.

Effect of rs208679 and rs769217 on CAT
leels in whole blood

As shown in Figures 1 and 2, the CAT levels in
whole blood were different among different
genotypes. For the rs769217 polymorphisms,
genotype CC (9.68 + 4.12 ng/ml) > genotype
CT (9.61 + 3.09 ng/ml) > genotype TT (8.59 +
3.96 ng/ml), however, there were no significant
difference (P = 0.74). For the rs208679 poly-
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Catalase Leves (ng/ml)
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Figure 2. Effect of the rs769217 on human CAT
blood levels (ng/ml). One-way ANOVA was used to
assess statistical significance, CC (9.68 + 4.12 ng/
ml, n = 21), CT (9.61 = 3.09 ng/ml, n=20), and TT
(8.59 £ 3.96 ng/ml, n=9), P = 0.74.

morphisms, AA genotype: 9.08 £ 3.90 ng/ml,
AG genotype: 9.79 £ 3.66 ng/ml and GG geno-
type: 10.58 £1.27 ng/ml, which also showed
no significant difference among different geno-
types (P = 0.67).

Effect of the rs769217 on transcription activity

In view of the location of the rs769217 in the
exon9 of the CAT gene (Asp-389 T>C), we fur-
ther hypothesized that the T>C variation of this
polymorphism might affect the transcription
activities of the CAT gene. Figure 3 showed that
the fold increase of RLA was significantly higher
in cells transfected with wild C allele than those
transfected with variant T allele (0.47 + 0.005
vs. 0.50 £ 0.007, P = 0.004).

Discussion

It has been demonstrated that inappropriate
oxidative stress response contributes to the
development of NIHL in workers with chronic
noise exposure [22]. Increasing evidence sug-
gests that genetic variants, particularly single
nucleotide polymorphisms (SNPs), are critical

Int J Clin Exp Pathol 2015;8(3):2852-2863
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Relative Luciferase Activity
=]
W
T

rs769217 T rs769217 C

Figure 3. Effect of the rs769217 polymorphism of
the CAT gene on the transcription activity. Relative
luciferase activity (RLA) was measured in HEK293
cells transfected with rs769217C or rs769217T plas-
mid constructs as described in methods. The fold in-
crease of RLA was significantly higher in cells trans-
fected with wild C allele than those transfected with
variant T allele ("P = 0.004 < 0.05 for rs769217C vs.
769217T).

determinants for inter-individual differences in
susceptibility to NIHL [23]. CAT is an enzyme in
the first line of antioxidant defense, which might
contribute to the etiology and development of
NIHL. In the present study, we want to identify
the potential clinical relevance of the rs108-
36233,rs208679,rs2300182,rs769217, rs71-
04301 and rs7949972 polymorphisms, which
are identified as tSNPs of the entire CAT gene in
the Chinese Han population. tSNPs are a sub-
set of all variants within a chromosome region
of a disease study. The genetic effect of SNPs
that are not genotyped in the study can be
detected through LD with a tSNP. In this case,
the six tSNPs selected in the current study the-
oretically reflect the biological significance of
all the genetic variations across the entire CAT
gene because of their strong LD compared with
other un-assayed variants.

The association between six tSNPs in entire
CAT gene and NIHL was analyzed. The results
showed that none of six tag SNPs of the CAT
gene has a significant effect on noise suscepti-
bility across all exposure levels. However, the
genotypes rs208679 GG had a significantly
increased effect on NIHL risk in the exposure
level of lower than 85 dB, and the combined
genotypes rs769217 TT/TC had a significantly
increased NIHL risk in the exposure level of
85~92 dB. Haplotype analysis showed haplo-
type, ht3 (A-G-T-C-A-C) was significantly higher
in workers with NIHL (+) compared with without
NIHL (-) in the exposure level of 85~92 dB, sug-
gesting that haplotype ht3 had a risk effect on
the NIHL development and no significant effect

2861

on the exposure level of < 85 dB. The results
suggest that a significant difference existed in
genotype and haplotype distribution between
NIHL (+) and NIHL (-) workers for the different
noise exposure groups.

Previous association study on the involvement
of polymorphisms in oxidative stress genes in
NIHL, including CAT, could not detect any signifi-
cant association [24]. One report demonstrat-
ed that the effect of CAT polymorphisms of
rs12273124, rs475046 and rs494024 on
NIHL can be detected when noise exposure lev-
els are taken into account in Sweden and
Poland populations, while in our study the gen-
otype frequencies of rs12273124, rs475046
and rs494024 in Chinese Han populations
were 0%, 2% and 3% respectively (data not
shown), were quite different from Sweden and
Poland populations which all were greater than
10% [15]. These may be the result of ethnical
difference.

The rs208679 polymorphism located in an
internal promoter may affect expression levels
of CAT, and rs769217 is a synonymous SNP in
the exon9 of the CAT gene (Asp-389 T>(), it
may be non-coding SNPs with an effect on the
expression level or the activity of CAT. Therefore,
we detected the CAT level in whole blood and
the results suggested that both rs769217 and
rs208679 can’t affect the expression level of
CAT. Furthermore, using reporter gene assay
system, we showed that the rs769217 polymor-
phism can affect the CAT transcription activity.
It suggests that C > T variation at position Asp
389 Asp could significantly reduce the tran-
scriptional activity of the CAT gene. Taken
together, The C > T variation at position Asp
389 Asp might reduce DNA-protein interaction,
and then inhibit CAT gene transcription leading
to decreased risk of NIHL in workers with noise
exposure.

Overall, the present study investigated the clini-
cal relevance of the genetic variations within
the entire CAT gene by means of construction
of haplotype bins in workers with noise expo-
sure. When subdividing the population by noise
exposure level, and testing for association in
the separate noise exposure strata, we demon-
strated that rs769217 polymorphism showed a
significant result in the high-level exposure
group (85~92 dB) and rs208679 polymor-
phism showed a significant result in the low-
level exposure group (< 85 dB). Whether this is
the only NIHL susceptibility gene with this char-
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acteristic remains to be elucidated, as up to
now only a limited number of studies on the
genetic factors involved in NIHL have been per-
formed in Chinese Han population. These
results illustrate the complexity of NIHL and
indicate that it is an interesting option to take
into account of the exposure levels for future
research that aims at the investigation of the
genetic factors contributing to NIHL.
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