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XEHS :2095-9982(2018)12-1069-07 FESZES  RI35.8 MHERFRERD : A [ EfS5k )

SOD2 FE W % APk = PR 48 6 B PR 5 &

T, AR, SAS7, REIL, RS, BXE?, RAE2, SR, KRB, REED

HE.
[ B8] HTHEAMYBNAE2(SOD2)EE L AW 5% F T K (NIHL) 7 REZ B8 X R

[F&E] FHIL: 2 ERFH - xR T %, N20064E 2T EM4 T e E4E L T AT R &, Skt vr /7 4
K190, HRAEWR . THME, FBAHLE<5Y, BB TR L<2EWIREN SR G IEH 2 4 5t B8, 2 ICH 380 4
AHHE, KA R EE AT L A (SNP ) oA A I % R 4 SOD2 #t F 152758343 . 152758346 . rs4880. rs5746105 fir &
B ASME, MELXDM. B RE3FEEAA, R 8 E R LA logistic B A AT EAALE £ A% S NIHL 5 &M% 2 |
Bk R o 2% COX B VA A7 A 8 35 B AL AR NIHL & A XU B2 B2 T 69 38 K 7 2 4k 8 16 2L . % i GMDR v0.9 % 4 2
A SOD2 3 [F 1y 4/~ SNP L 5 18] ty 28 B2 5

[#R ] ARMEEAT, 155746105 L & AA 2 H & 85 MK & £ NIHL 87 RS £ GG 1 GA 22 ALK By 1.50 1% (95%CI;
1.02~2.21 ), K& "% TH B FE K, 1s5746105 AL f AA FE & A AN 4R B NTHL & LR 2 GG 3 [ ALK 87 1.67 £ (95%CI:
1.08~2.57 ); AA Ft A AL 8y AR B NIHL & XU & GG #1 GA 35 A AL AN R By 1.42 5 (95%CI: 1.04~1.94 ), SOD2 3 H 4/
SNPAL R h A EH - AR EEAEAMMERE Z AL INE LT FE XN R ELEREE (P>0.05),

[ 4t ] SOD2 #H i 155746105 L 5 R AEA L H FH A T ZNIHL LA — AN EZ.
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Abstract:

[ Objective | To explore the association between superoxide dismutase gene 2 (SOD2) polymorphisms and the susceptibility to
noise-induced hearing loss (NIHL).

[ Methods ] A 1 : 2 matched nested case-control study was conducted based on the cohort established in 2006 of workers with
noise exposure in a steel factory, and a total of 190 NIHL cases and 380 controls were chosen according to the matching standards of
same gender, same type of work, age difference <5 years, and noise exposure duration <2 years. The single nucleotide polymorphisms
(SNPs) of rs2758343, rs2758346, 14880, and rs5746105 in SOD2 were genotyped by high throughput SNP genotyping assay.
Codominant, dominant, and recessive models were established to study SOD2 polymorphisms and the susceptibility to NIHL
by single-factor conditional logistic regression analysis. The risk of NIHL in individuals with different genotypes along with the

extending of noise exposure duration was analyzed by COX regression analysis. The interactive effect among the four SNPs was

MEEFRPAAI L ERRSBENFIZE MR,

[E€WE IHK AR EEEGIH (45 81372940 ); [EZEFHEHEITITH (4i'5: 2014BAI112B03)

[EZ R 1 TR (1989—), L, Witz WF5EJia): WP PEMER 2, E-mail: 2528079767@qq.com

[BEEMEE 14557, E-mail: yu-shanfa@163.com

[ VB BBAL 11 B MR A I TA =B 57 3 TIAE SEAEE DA% R, TR KB 4500015 2. 3w 2 BV Bl IR I B , g M1 4500525 3. SR 5T
ST EBTABIT, TR S8 462599; 4.7 BRI AR, IR 5 266021



- 1070 -

www.jeom.org  FREEEI PE2 (] Environ Occup Med ) 2018, 35(12)

analyzed by GMDR v0.9 software.

[ Results ] The risk of NIHL in individuals with AA genotype of 155746105 was 1.50 times of those with GG and GA genotypes
(95%CI: 1.02-2.21). With the increase of noise exposure duration, individuals with AA genotype of rs5746105 had a higher risk
of NIHL than those with GG genotype (HR=1.67, 95%CI: 1.08-2.57) and those with GG and GA genotypes (HR=1.42, 95%CI:
1.04-1.94). The results of optimal gene-gene interaction model did not show interactions among the four SNPs in SOD2 (P>0.05).

[ Conclusion | The mutant allele A of rs5746105 in SOD2 may be a risk factor of NIHL.

Keywords: SOD2; noise-induced hearing loss; hereditary susceptibility; single nucleotide polymorphisms; nested

case-control study
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2.2—2007¢ TAES A 3 P &R B 22 i BRAE 56 2 7%
Gy WIERPRIZE ) S g SRS R Ak R A ) T
A M P 7K P2 A AR o [R]85 5 58 X S R
SEE, THE BB R R CNE, dB(A) 4F ]9
HHEAKXT
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Hore n WAL T AN TR EEG TN
Fedg— TR RO HME T (4 ); To=14F; i N AT
Tl B 20 B3 Laeq, s 9 8 h 55 2803% 22 A 75 9 (equivalent
continuous A-weighted sound pressure level to a nominal 8h
working day ).
1.5 DNA 4RI

RAEWEFE G2 2mL L ERYSMA LT EDTA $TEE
H, PRAF 2 -80CUKATF o 4 F DNA $2HBGA5R & -
HESRNAE DI RHECA BR 2 |, AR ) $2HUSRH I DNA
K Implen P360 8 i it 3 Y656 2T ( 1T 1311 4 9)
FHEABRAF], b ORI TSI DNA [ BE R4
1.6 F#3#8 % & (single nucleotide polymorphisms,
SNP ) plik A= 2 B 2 2

FE #3431 J0 (1000 Genomes Project,
www.1000genomes.org ). 3% [F ¥ 37 A= #) B AAF B A0
( National Center for Biotechnology Information, NCBI)
A4 dBSNP %54 4 ( www.nebi.nlm.nih.gov/snp ) {5 B 1A
KHSCHRTERL, 42 BRLL T ARk Pkt SNP iz i : (Df
INEEA FE R SR ( minor allele frequency, MAF )>0.1;
Q% Bi A F A5 ( linkage disequilibrium, LD ) 9 {H > >
0.8, AWWFFEILPRIE T SOD2 K& K ) 4 4> SNP A7 45,
(152758343 | 152758346, 14880 I rs5746105 ), K F -
TR S MY RHECA FRZA W 0 v g e o B T IR 22 25
53 BRI £ AR X SNP #4773 Y, >R ] GeneMapper 4.1
BRAE5 AT SNP A7 pi FE DRI R

1.7 HAZAET
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AR, AR PR T R B ANAE A R MO Pos,
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A6 56 43 BT R RN A6 I i — IR A A% (H-W ) °F
15, K FH B & 4 Logistic [0 20 HrfE 2 Bk W
PEL BRI, SOD2 BE R 2 245 % 5 NIHL &
TR O FR o SR T COX BT 5 49 17 B 25 42 M T 14 K
SOD2 I Z 75 5 & A= NIHL KUK 7 K /NI 256 & .
KT XL HF A v0.9( generalized multifactor
dimensionality reduction v0.9, GMDR v0.9 ) 3k 4y By 3t
- R B 0 S BARE . A OGS AL GE, R
R &AM logistic MIH T AN R K MEAR RS
NIHL Z [A] B SCHK , H545 R R P<0.2 978 & N H Al
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ZHTEA A BT R A ST AR B CNE 2 75 = T
97.00dB( A ) -FHEAT 432 B o L5 AR B, Wr J 4
AT B [E] CNE 150 A 25 5 G2 L (P>
0.05 ); H M % 55 /KP4 R 75 = T 85dB (A ) it
TP 2T, & 0P 2 M 7 2 6 /K- 1) 0 A1 22 5
G ERE L (P>0.05); W AHidedl . X A H0e 1T
W T 7 B0 R 19.88 L 19.214F, R LG E
(P>0.05); P4 XU A1 34 0 19 2 S e 1
X (P<0.05 ), Wy J7 451 2% 2 UG BEZH i — e A
A5 B 58 AR S BT ST e o HARS,
TENLF 1 FIZR 2,
2.2 H-W-F#ria e

H-W - i 46 56 19 45 S 7R, SOD2 3 5 i 4 4
SNP {37 s 7E T BRZH AR v 2317 1 S oAt 50 5 300 SR AL A
(25 S TCHEH 25 L (P>0.05 ), 2% BIREA 5 PR 545
RAENBER IS 500, ATt P APIRA , ARG
N F R 2 R 23850 5 NIHL 5 J8E 1) S Bk
3T BRI 3,
23 AREARMA T SOD2 AR % AMS NIHL 5 &
R GEFA

CAZIEAR IS | M TS | MRS R R KT MR
P mILESFRERE, k(% 4): SOD2 HEHA
(1) 1s5746105 137 13 FE PR R B AL [ AA/(GG+GA ) |, 4
HFAA LR ANMA % A2 NIHL 59 XU & GG fz GA 3
PRIAIAMA ) 1.50 45 (95%CI: 1.02~2.21), Z5HHAS
R X (P=0.040 ), {HZ: Bonferroni 4% 1E L,
il X %< (P=0.040>0.013 ), K &k ¥ SOD2 }:
DAL A HoAth, 3 4 SNP A7 5 3 R 22 25 M 5 NTHL 8 JXURS:
FEE N5 S

F1 WHRKAMMRBAEAXER LR (EEMTE )
Table 1 Comparison of basic information between case and control

groups( continuous variables )| M( Py, Pss) |

A e 34 e 28 Xif HRZH Eamis P
Variables Case Control Statistics
TS (W
(%) 41.13(32.92, 46.19) 40.88(31.19, 45.17)  -1.14* 0.254
Age( Years )

MR T (4R)

Noise exposure

19.88(7.75, 25.23) 19.21(7.42, 23.75) -0.73" 0.464

duration( Years )

WLCE B34
UrEd[ BHFTA, 50.17(45.08, 56.38) 18.33(13.50, 24.00) -19.48*  <0.001
dB(A)]

G (em)
Height

[ £ J#: Wilcoxon BAnte g *: 1405,

[ Note J#: Wilcoxon rank sum test; *: ftest.

170.53 +5.89 170.53 £5.51 -0.01" 0.993

F2 WHIRKAMNRBAEAXERLR( FEXEE
Table 2 Comparison of basic information between case and control

groups ( categorical variables )

- ”ﬁiﬁ”ﬁeéﬂ chf,ﬁ.ﬁzr}
Variables ase ontro Xz P
n % n %
AUYEE e :
Gl am )
<97 93 489 189 497
>97 97 511 191 503
Lieq. sl dBCA) ] 0.71  0.401
<85 75 39.5 164 432
>85 115 60.5 216 56.8
PE5H ( Gender ) <0.001 1.000
1 (Male ) 184  96.8 368 96.8
2 ( Female ) 6 3.2 12 32
%46 ( Smoking ) 2.85 0.091
J&(Yes) 122 64.2 216  56.8
7 (No) 68 358 164 432
K ( Drinking ) 042 0519
Ji:(Yes) 136 716 262 689
75 (No) 54 284 118 311
#5 1fiLJE ( Hypertension ) 036 0.547
JE(Yes) 75 39.5 160 421
7 (No) 115 60.5 220 579

R3 H-WREREER
Table 3 Results of Hardy-Weinberg equilibrium test

AR
/N Allele

fir' fr LN 5
SNP s . X P
SNI Location R W RAFRY s

MAF Wild type Mutant
type
rs2758343  Chr6: 159693540 T=0.38 G=0.88 T=0.12 0.18 0.675

rs2758346  Chr6: 159694389 T=0.41 T=0.12 C=0.88 0.18 0.675

rs4880 Chr6: 159692840 G=041 G=0.12 A=0.88 0.92 0.337

rs5746105  Chr6: 159691606 G=0.32  G=0.42 A=0.58 250 0.114

[ J#: #4E % @ 1000 Genomes Project Phase 3( 32 ),
[ Note ]*: Data based on 1000 Genomes Project Phase 3(32).

R4 ARZEELETE NIHL #95 B %
Table 4 Individuals’ susceptibility to NIHL in different gene models

SNP f‘tgiz %jﬁ(ljiﬁiéﬂ ﬁ»iﬁ% OR(95%CI )* P
1s2758343 GG 140 265 1.00 0.591
TG 46 106 0.80(0.52, 1.23) 0.305
TT 4 9 0.93(0.27, 3.16) 0.905
TG+TT 50 115 0.81(0.54, 1.22) 0.316
GG+TG 186 371 1.00 —
TT 4 9 0.97(0.29, 3.30) 0.966
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&gR4
I BT

152758346 TT 3 9 1.00 0.540
TC 47 106 1.09(0.27, 4.36) 0.902
CC 140 265 1.36(0.35, 5.26) 0.652
TC+CC 187 371 1.30(0.34, 498 ) 0.706
TT+TC 50 115 1.00 —
CC 140 265 1.26(0.84, 1.89) 0.270

154880 GG 100 218 1.00 0.031
GA 85 135 1.47(0.99, 2.17) 0.056
AA 5 27 0.48(0.18, 1.29) 0.144
GA+AA 90 162 1.29(0.89, 1.89) 0.183
GG+GA 185 353 1.00 =
AA 5 27 0.40(0.15, 1.07 ) 0.069

15746105 GG 36 79 1.00 0.120
GA 93 205 1.03(0.62, 1.73) 0.905
AA 61 96 1.54(0.89, 2.66 ) 0.124
GA+AA 154 301 1.20(0.74, 1.96 ) 0.463
GG+GA 129 284 1.00 —
AA 61 96 1.50(1.02, 2.21) 0.040%

[ Jo: DAes2758343 2 9 0], 2L EARA 3 8 WAL A 46 TG/GG ., TT/
GG, T HAL AR (TG+TT)/GG, A FE TT/(GC+TG ), Hfi
L A A FF 5 12758343 (L S ARl o +: MER R EH ., H%
T RFREAERE, B, FiE. A: Bonferroni £ IE,

% P/AT0.013(0.05/4), M 257 BA SR L
[ Note J#: Taking rs2758343 as an example, the gene models are codominant
model ( TG/GG, TT/GG ), dominant model [ ( TG+TT )/GG |, and
recessive model [ TT/( GG+TG ) |. Orders of gene models for other
SNPs are the same as rs2758343. #: Adjusting for age, noise
exposure duration, level of noise exposure, smoking, drinking, and
hypertension. A : Bonferroni correction: If the value of P is less than

0.013(0.05/4 ), the difference is statistically significant.

24 BRI SOD2 AW % A5 NIHL & & H
EEFSEAL

K COX BT 43 My Bifi 5 $2 M T8 S, HE4 R
IF) 35 PR 760 F AR BB NTHL (KU P RS, il SR
B B & M TR I IE K, SOD2 5 [H] 155746105 11
JAA SRR S PR H NTHL 39 JXURS: 2 GG 3 ] A A~
B 1.6715(95%CI: 1.08~2.57), 2R BA G &
X (P=0.021 )( ££5), AA FER R4S A H B NTHL £
B A1 2L HF GG/GA SER B M, WLIE 1A AA FE[H
R A~ A £ NTHL 9 XUBS: 155 F GG Fil GA JE R B A {4
( HR=1.42, 95%CI: 1.04~1.94, P=0.027 ), AA J& K %I
A4 H B NTHL (B[] 5T GG+GA JE DRI M4
LK 1B,

x5 REEBEIREKARERKE T NIHL B L H XK
Table 5 Risk of NIHL accompanied with the extension of noise
exposure duration in different gene models

SLNE WrhBikdl Xl

SNP HR(95%CI)* P
SNI Genotype Case Control (95%CT)
GG 36 79 1.00 0.053
GA 93 205 1.25(0.83, 1.87) 0.291
AA 61 96 1.67(1.08, 2.57) 0.021
rs5746105
GA+AA 154 301 1.38(0.94, 2.03) 0.099
GG+GA 129 284 1.00
AA 61 96 1.42(1.04, 1.94) 0.027

[ ]+ REWREFH 7 HEEAT. RE KB, HE,
[ Note ]*: Adjusting for age, level of noise exposure, smoking, drinking,

and hypertension.

= 100

s 155746105
= — GG

jas

Z 80 — GA

E — AA

2

Z 60

E

<

Z 40

E

*“fé 20

5

E 0 | ]
r0 10 20 30 40

1s5746105
GG+GA
— AA

O 1 | S | J
0 10 20 30 40

PEME T (Noise exposure duration, year )

I-NIHLEE % ( Individuals without NTHL, % )

1 FERRTRERARERZME NIHL REFEELES
Figure 1 Prevalence trend of individuals without NIHL carrying

different genotypes along with the noise exposure duration extending

2.5 SOD2 . W - A H X 2R 5 NIHL 5 2k

AR A 58 % SOD2 FE TR 1 4 4~ SNP i 5 408 A
GMDR vO.9 BAFAE R 43t R R, [RIEERE AR IS | $208 T
L3R O N N QT N =10 A S 1 R =l
ABERHFATIOE,, RAEBEA G5 NS EAER
R P>0.05 ), W36,
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6 SOD2EE 44 SNP IR MER - EEZ EEAERE
Table 6 Best gene-gene interaction models of 4 SNPs in SOD2

SESUIE oL i)
st SEHE REEGR .
Best model Cross validation  Testing balanced
!',()nsis‘en(',y ﬂ(',i',l]rﬂ(',y
rs4880 9/10 52.57 0.172 0.034
rs4880, rs5746105 8/10 50.44 0.172 0.357
rs2758343, rs4880, rs5746105 9/10 50.93 0.623  0.319
rs2758343, rs2758346, 10710 S115 0623 0310

14880, 155746103
[ e F5HBE; # BHEER.

[ Note J*: Sign test; #: Permutation test.

3 ifig

7 AL 0 5 A Tl 3 TR E ) 2k A48 L7 2 ROS 77 A=
Hho B A . R R A M S 2 i 5 | R 17 R g
15 T RE 52 ROS (1 451200, SOD2 i TR ki ik iy, fig
% 38 1 B AR ROS 51 2 1Y 28 R7 A4 DNA 28 728 Fi 45t 73,
KA T T LR AR i 25 25 R BEAR R S A Sz, ik
DROS P, DT AR ROS 38 s A 451321, A AT,
SOD2 R Z 25k 5 NTHL 5 bk 2 8] (1) S4Bk, [N
HNIAE SCHR RIS o 28 B AR 55115 22 R A 461 — X B
5%, M [A] — g 75 2 8 R4 T T2 N 42 H-3 000 Hz 45
BeWr B A5 RIS, Pk T B 47 B de K1 10% 1A
VE R 5 &AL, T 89057 %% dc /N 19 109% 1) A4~ 1R AR
i 32 4, 43 B SOD2 % [l 152842980, 155746136,
152758331, rs4880 Hl 155746092 SNP 5 NIHL 5 Jgk
Z ) ORI, 5T 2R B o DU B SOD2 B [
154880 SNP 5 NIHL 5 J&PEA 56, 1 H 32 W Rk
SFEFREIR . CHANG 4502 SR FH 1] — X BEAFF 55 4347 0
VAT SOD2 HEH 152855116 37 5 SNP 55 M i 5 Jakr:
Z IR SR, W58 RIS AT TG JE R Y A~ A ) e
WIS, I B AR SOD2 KR £ 2514341 5Bk
MABEAAAEES

AUAIIE T SOD2 BEIH 1) 152758343, 152758346,
154880, 155746105 {3 s A THF ST o BN s 2 BT 3R
B: rs5746105 0 o5, TEFRMERIRITR , AA JE K 3 pg 4
A HR NTHL (9 XU 24851 GG i GA KL RIAMA Y 1.50
£5(95%CI: 1.02~2.21 ), X /R rs5746105 13 15 557
LR G 5878 Sy A B AT GRS IS4 & A NTHL 9 JRUSS
ARG A BT 7 358 9 2 X BE 2 rs4880 13 1 2
[ A 22 5

2543 B M P 2 5 B[] % PR 22 25 1 55 NTHL
Gy BN Z [0 O R0, ke PR o 2 0 TR

1s5746105 137 25 AA JE PR 78 i) A~ 44 B NTHL 19 XU 2
GG 3 [ AU 1) 1.67 %5 (95%CI: 1.08~2.57); 51U #%
JEILN Z A5 A L, AA JE R RSN ) 808 IXURS: 386 T
13%. M 1A EA] UL, AH[A] A I8 2 gg 1] T, AA
JH R B AR NTHL 9 80 22 B0 82 5 T GG . GA JE [
RIAMA, I H GA FER 7 B4 NTHL 19 B0 % 5 T
GG IR BIAGAA; M 1B Rl DL, AH [R] Y e e 2 5%
BFEIR, AA BE DRI R 4 NIHL (1) 2809 % & T GG
GA JE AT g AMA 33X — 45 B 5 b — 20 1 BN 5 4
M2t A — 2, i — 2 4R 15746105 37 25 #5745 S5 47
FE A G4 B NTHL (4 JXURS: 34 . 3 Ff GMDR v9.0
B AT L DR 45 35 R =2 10 49 52 B 38800 % NTHIL & Jek:
B SE R, 45 TR & Pl rs2758343 | 152758346, rs4880.,
15746105 {37 55, 2 [BIAFAE S H AN, $2783X 44~ SNP 37
G NTHL 229 UBSE (49 5 M B RE S ST 19

ARG F A A o B & B, TE 6297 141 BA S
NBEH, A7 1493 58 A 35 il 528, (0 8 A5
23.7%" ", PHIAR ST A S A I A T2
ERYTE R S DN B2 2 o W NS N R S O A
B A WEIE R BAXE T T AE S BT i 5 A g s
£, ARG P E DL S S T T BRI AR /N 2L TR, AR
U5 R A 2 R A G e 7 ok T AT 1 A5

25 b, ARWBFGE K P SOD2 K& I Y rs5746105 £
S AR RIAE A JE R A P RE S NTHL & A2 (1) — AN fE B A
2, AT S RS A R D A B AR R NTHIL £ JXURS: 184
e X — KI5 FHE G 22 0 RAEA AT it — 25
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