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W OE: BE VTR X AELE S AE R R R AR G A AT PR O I R AR R A A A, R
Gy FIBWE GRAE G SR A TR AT IR ARG . ik R SR B B GAR AT L B AT RS ik R X 1 ~
6 BB AR IL 71 ) S HWT I3 IEH 09 SEE R DY (H 2 fa AN HE) 145 (51, R Sy vt BEWT g 1) 1F % B 200 B34 7
GJB2 SLC26A4 \GJB3 [ MT-RNR1 FE[H 1) 20 AR S S ORI . Z5 R DL BB 5L R 05 28 53 B G R FE 15 A
BEILTN 37% (26/71) e FENFET N 28% (40/145)  FEIEHARFEARE R 4. 5% (9/200) ; GIB2 #4548 F A
HRAEERTE B LT R 18% (13/71) FEmfENRE Ty 12% (17/145) L 1EH ABE PR 2% (4/200) ; SLC26A4 £
HRIEE R RILTON 18% (13/71) FE s fa NBE Ry 16% (23/145) FEIEH AREF N 2.5% (5/200) o 1EHTE &
LRI 3 fE A TF4L2Z 0] GIB2 il SLC26A4 75 S H R AT i it 24 7 S (P =0.209) , {FU #0400 i 35 L E 3 T
(P 7 <0.0001) ;i5ERIE L GIB2 Fil SLC26A4 A a5 FRIE 46T 18% (13/71) , BE & fa NFHEAIE
WA R EIAA TR ARG T, SIE R LA A it 2% 5 X (P <0.0001) , GJB3 I MT-RNRI 7§
SYEERTERIL B E AL AR R L. 418 GIB2 fl SLC26A4 4 5 FIE A4 A 74 R R IR M X 35
T2 e LA TE BB B, H b 5w UL 78 5057 45, & GIB2:c. 235delC il SLC26A4 ;c. 9192A > G, %t F (LA th ot
IA 7R SRR EROL, AT RS AR R 3 DR AT | 10— AR S T2 .

% 8 R ARGAIERINT K AR S L s SR

HE5ES:Q31;R764.43 X HERFRIRAG : A [ FEFEEMREEIMIZE,2018,24(5) 1459 -464]

Analysis of common pathogenic variants for hearing loss in children
with nonsyndromic hearing loss and their family members

CHAI Fu', MA Shi-bo', SHEN Jun®
(1. Department of Otolaryngology, Longgang ENT Hospital, ENT Institute of Shenzhen City, Shenzhen 518172, China;
2. Department of Pathology, Brigham and Womens Hospital, Harvard Medical School, Boston MA 02115, USA)

Abstract: Objective To analyze the distribution of common pathogenic variants for hearing loss in children with
nonsyndromic hearing loss and relevant high risk population in Shenzhen so as to provide evidence for molecular diagnosis,
genetic counseling and epidemiologic study. Methods  Matrix-assisted laser desorption ionization time of flight mass
spectrometry ( MALDI-TOF-MS) technology was used to detect twenty genetic variants in GJB2, GJB3, SLC26A4, and
MT-RNRI in 71 children with pre-lingual hearing loss aged one to six years (hearing loss group), 145 hearing family
members as the high-risk population (high-risk group), and 200 irrelevant individuals with normal hearing as controls
(control group). Results Common pathogenic variants for hearing loss were detected in 37% (26/71) of children in the
hearing loss group, 28% (40/145) of the high-risk group, and 4.5% (9/200) of the control group. The detection rates
of GJB2 variants were 18% (13/71) of children in the hearing loss group, 12% (17/145) of the high-risk group, and
2% (4/200) of the control group, while those of SLC26A4 variants were 18% (13/71), 16% (23/145), and 2.5%
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(5/200) respectively. The detection rates of GJB2 and SLC26A4 in both the hearing loss group and high-risk group were

markedly higher than those in the control group (all P <0.0001), while their differences between the hearing loss group

and high-risk group were statistically insignificant (P = 0. 209 ). GJB2 and SLC26A4 homozygotes and compound

heterozygotes constituted 18% (13/71) of children in the hearing loss group. Homozygotes and compound heterozygotes

were not detected in the high-risk population or in controls, which was statistically different from children of the hearing loss

group (P <0.0001), GJB3 and MT-RNRI variants were not found in any individuals tested. Conclusions

Homozygosity

and compound heterozygosity of common pathogenic variants in GJB2 and SLC26A4 are significant causes of the pre-lingual

hearing loss in Shenzhen, and GJB2:c.235delC and SLC26A4:c.919 —2A > G are the most frequently detected variants.

If only one heterozygous pathogenic variant is detected in a child with hearing loss, full gene sequencing should be

recommended to establish the molecular etiology.

Key words : Non-syndromic hearing loss ( NSHL) ; Variation; Inheritance; Gene
[ Chinese Journal of Otorhinolaryngology-Skull Base Surgery,2018,24(5) :459 —464 ]

HEE NRH W EREpR . B e
13 (sensorineural hearing loss, SNHL) 22 3 ¥l hy i
HIEE BT 2 60% 5386 A &, fEp B L g &
JFRLIN 17800 ~ 1/1 000, 35t f% M H-2H 70% Ny
JEZE 6151 H-22 (non-syndromic sensorineural hearing
loss, NSHL) , Hig SCRHER T Wr J) T FEAMSA HoAth =
FRRFAE . H AT T & A0 Ak Z5 A 0 B 2 0 IR 3
170 /> ( http ://hereditaryhearingloss. org/main. aspx?
¢ =. HHH&n = 86307) , H.r* GJB2 ,SLC26A4  GJB3
LKA MT-RNR1 Sy ¢ [ 5 WAL, BEP Y
O S PR R IR A o PR LR
AR BRI L H Y 8 B 9 IS AR R
LT A B O A L B RAT RS EOR e .  H
TR LN B AR S AR > AR SO R R S
PO B RAT B HOREE XL | 4 ANE L E
FEEPIY 20 M7 SORYIHIX 1 ~6 & [T 2 8
ISR B8 LAY I 256 AT B DRI, B B2 5
W78 S S A A, S B R R P B .

1 #EREFZE
L1 IR

WFFE X042 R YT 2 LR & Aot 71 5 i 2
L, HA 5 39 6], 4 32 ], 4Rl 1 ~6 %, FTH R
LI R XU b e v 2%, e HAM S . il it KR
) — B ERHME B W L BEE M R
I B SR o A AT TR L DR AG DU R ) 2 A5 o

HARE 2 fa \BE 145 ), R E 2 LI A B
B SLop ARk W Ty BE R o ok 55 74 i), 4 71 4],
MEIY 2 ~45 %

Wy g TE 5 KR 200 4R xt B, e 53105 4],

295 il A T ~26 %7
1.2 HR LA 07 A

3 Y AT 4 A H I 20 LAY
i, £ 45 : GIB2 (NM_004004. 5) f c. 35delG . c.
167delT . c. 176_191dell6 | c. 235delC . ¢. 299_300 de-
IAT,GJB3 (NM_024009. 2) i c. 538C > T .c. 547G >
A,SLC26A4 (NM_000441.1) % ¢.281C > T ,c. 589G
>A.c.919-2A >G c. 1174A > T c. 1226G > A | c.
1229C > T c. 1707+5G > A ¢. 1975G > Cc. 2027T >
Ac.2162C > T c. 2168A > G, Jz & ki & MT-RNR1
(NR_137294. 1) i) m. 1494C > T .m. 1555A > G,
1.3 DNA il

&4 EDTA FLBER 1R ML, R 552 46 % 4
Jeil e K It 4l , 137 P 42 35 R 2 DNA $2 O ) & 4
B, By e R & . IR SR TSR0k
FETHINE DNA i 2l B Ik B
1.4 BRI T7 v

SR Tk 12 S T B O R
LB K AT ] i 1% ( matrix-assisted laser desorption i-
onization time of flight mass spectrometry, MALDI-
TOF-MS) £, R FR A BEA TR , A AR ASAE A R T
PR RIS, 0 58 Ji o 1306 T 4 AL 5R) : Mass
ARRAY DNA JFiJE R B3 7041 R 58 (SE [ Sequen-
om /] ) L ABI 3730XL | 4% , Mass ARRAY fif &
MRS LA AR &, ABL 9700 PCR A, BH PRI
iR 2 — Iy AR
1.5 Stk

R 45 R R GraphPad SEit#0F )_LpRs
B %% (https ://www. graphpad. com/ quickcales/ contin-
goneyl . cfm) JEAT4MHT. 2011 2% 5% 1 2 K B
5, P <0.05 2R AAGIFE L
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A, A5 AR LR A LR 2 AL R GERE IR 5 DL 2 R A

2.1 HEE AR W A 45

145 W7 7 1E 8 G BE WA (B2 5 1 A HE) Bk
MH GIB2 .GJB3 SLC26A4 | MT-RNR1 k[ 25 5247 45,
Ky RAEBIELER 1, R AR S i ik 1] 2 00
FRUgEE LI 1 FNIE 2, BRI AR S o 40 45
i 28% (40/145) , GIB2 A% Stk 4 % 17 4] i 12%
(17/145) , c. 235delC #5416 ] 5 11% (16/145) ;
SLC26A4 75 Sk H % 23 4] |5 16% (23/145) , ¢.919
—2A>G Ky 14 15 9. 7% (14/145) . GIB3 1 MT-
RNR1 2 R e HZ B L R 0 491(0% ,0/145)
2.2 iEWTEAJLE WHE R R A

71 518 HT #F L GIB2 , GIB3 | SLC26A4 | £k
KA MT-RNR1 PR A8 Sl 45 8 03k 2.

F 1 145 1 E 2 A TR D02 2 R AR S i 25 2R (1))
A5 )i
E PSP 7 SN ity IRG B4 B
GJB2
c.35delG 0 0 - -
c. 167delT 0 0 - -
c. 176_191del16 0 1 - -
c.235delC 0 16 - -
¢.299_300delAT 0 0 - -
GJB3
c.538C>T 0 0 - -
c.547G > A 0 0 - -
SLC26 A4
c.281C>T 0 0 - -
c.589G > A 0 0 - -
c.919 -2A>G 0 14 - -
c. 1174A >T 0 1 - -
c. 1226G > A 0 1 - -
c.1229C>T 0 4 - -
c. 1707 +5G > A 0 0 - -
c. 1975G > C 0 1 - -
c.2027T > A 0 0 - -
c.2162C>T 0 0 - -
c.2168A >G 0 2 - -
MT-RNR1
m. 1494C > G - 0
m. 1555A > G - 0

AR A S A 44 $ I BRAR 1 (varnomen. hgvs. org/) o 2% 74
45 GJB2, NM _004004. 5; GJB3, NM _024009. 2; SLC26A4, NM _
000441. 1; MT-RNR1,NC_012920. 1

7155 R AR LA, 26 (5SS [ AR B 17 2
PRSI AL A AR 5, o7 37% (26/71) iEHT £ L
Grih GIB2 il SLC26A4 A8 St ali & FME /24 A T3k
13 i (18% ,13/71) , FEHEPH /K- B 12 Wiast 1% 1 5
FIRH . KA E RN A A A T 13
(18% ,13/71) ,

S EORE
1229C>T
20+
15+
5—— J\/
S SNSUV AV SN W
o+ :

f t t f t f t f
6800 6850 6900 6950Mass 7000 7050 7100 7150

CTTTCCCGCANMGGCCGTCCAGGAG

Bl1 SLC26A4:c. 1229C > T G748 5 RAT i [ A e 1]

IVS7-2A>G

18+
16+
14+

-: A~ f\svzﬂ\dw_/\“i,fA\J\VN—J\/\/
1 1 1

f t t t t f t t
5450 5500 5550 5600 5650 5700 5750 5800 5850

Mass

nsity
o

@ 1 '

15}

inte

onN A

TGTTTTATTTCINGACGATAATTGCTAC

A ‘.'\ _—

- LY R

i A"HH\[\“H
\ | 1/

TRTRTRTRVR'BIATE

ARR'SEAR

’;“\ [\l | \‘,\ |

TGTTTT ATTTCAGACéATAATVTG
SLC26A4;NM_000441;C.919-2A>G

B2 SLC26A4:c.919-2A >G(IVST-2A >G) 424748 S i
e PRI g )
71 )15 Fy £ 8L 13 K D F) GIB2 AF &
(18% , 13/71 ), H h GIB2 X %5 i J
c. [235delC] ;[ 176_191dell6 | & 44T 1 4,
c.235delC 4l & F 4 1], c. 235delC 24 8 1,
5 G5 R 2 5 o B 2 W GIB2 AR 5 BT
S

71 BTG FTE ELH 13 ki3] SLC26A4 H [
AF S (18% ,13/71) ,SLC26A4 W ZE(v 3L A c. [919 -
2A>G1;[1229C>T] .c. [919-2A >G ;[ 1174A >

T].c. [919-2A>G];[1975G > Cl B &4 T4
1], c.919-2A >G4l 1 5 ], X 8 Hl4h &4

2 CT Ky, BN RTRE SO Y REEBIE (large ves-
tibular aqueduct syndrome, LVAS) , HAZ Wik o . B0
B CT IRUHIAL, JZRE 0N Tmm , 724 HUAE S 2 iR 7K
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2 71 FIERTEEILE O E B P BRI 4 5 () 3 200 il g RRE X HE R 3 R 71 i 245 2 (49
}E%ﬁiﬁ AT
B2 AR A A, it %m & A Bk FEH AR AR S ity G B4k BR
S ARS ﬁ A7 5 T AR R TR
GJB2 GIB2
c.35delG 0 0 - - c.35delG 0 0 - -
c. 167delT 0 0 - - . 167delT 0 0 _ _
Z' ;;23;98 dell6 g g } } c. 176_191del16 0 1 - -
¢.299_300delAT 0 0 - - ¢ 235delC 0 3 - -
e [235delC] 5 ¢.299_300del AT 0 0 - -
[176_191dell6 ] - - 1 - GJB3
GJB3 ¢.538C>T 0 0 - -
¢.538C>T 0 0 - - ¢.547G > A 0 0 - -
c.547G > A 0 0 - - SLC26A4
SLC26A4 - ¢.281C>T 0 0 - -
et w00
0919 245G 5 5 ~ ~ c.919-2A>G 0 2 - -
e 1174A > T 0 0 B B c. 1174A >T 0 0 - -
¢. 1226G > A 0 0 - - . 1226G > A 0 0 - -
. 1229C>T 0 0 - - ¢.1229C>T 0 1 - -
¢. 1707 +5G > A 0 0 - - . 1707 +5G > A 0 0 - -
c.1975G > C 0 0 - - c.1975G > C 0 1 - -
€.2027T > A 0 0 - - . 2027T > A 0 0 B B
zig;iiz 8 g -7 ¢.2162C > T 0 0 - -
e (919 —24>C]; c.2168A >G 0 1 - -
[1229C >T] - - 1 MT-RNRI
c. [919 -2A>G]; m. 1494C > G - - - 0
[1174A > T] - - 1 - m. 1555A > G 0
. [919 -2A>G]; T < A8 S 5 i 44 $i [ BAT o (varmomen. hgvs. org/) o S 74
- [1975G>C] N h ! h %5 GIB2, NM _004004. 5; GJB3, NM _024009. 2; SLC26A4, NM _
m 1494C > G B B _ 0 000441. 1; MT-RNR1,NC_012920. 1
m. 1555A > G - 0
28 SPALAA # 4% BB BRUE vamomen. hgvs. org/) . S TEH) THATFE LA m e A4 Z | GIB2 il

J'5 . GJB2, NM _004004. 5; GJB3, NM _024009. 2; SLC26A4, NM _

000441. 1; MT-RNR1,NC_012920. 1

BN RRIER 172 48, KN =15 mm(&]3)

&3

ATRE KR

GJB3 Fil MT-RNR1 ¢ S 7 H & L2 0 4
(0% ,0/71) ,
2.3 fgERRENT RN B L R R A &5 2R

200 5] it kst RENFHE H D0 - 25 5 PR A4 S S 23
1 4.5% (9/200) , Hi GIB2 A5 S (#s H %k 2%
(4/200) , c. 235delC K5 %R 1. 5% (3/200)
SLC26A4 A5 iy th %k 2.5% (5/200) , W33,

SLC26A4 AR S H R A GEit2# 7 L (P =0.209) ,
{EL 25 40 405 L IR H A = (P 3% <0..0001 ) H-3%
e NI TE B N oK B GIB2 F1 SLC26A4
MAETMEAIRE T, SiEmEE LA LEA ST

222 Y (P <0.0001)
3 iFig

RN HZR AR LA LT AT 2 8, 60% Hiigt
BRI ZE T, GIB2(4f% connexin 26,Cx26 ) ,
GJB3 .SLC26 A4 F{1 MT-RNR14 />3 A i) B0k 48 55 9%

Ukjﬂxeaﬂalv_f’%‘i#%? ik 78 HE 2% e L A

S ARG R RN M X TE R HE A - S
E’J?’»’&,m SR RN 4.5% (9/200) , 5 i 5 AT

ZEHL4.62% (49/1 060) LI . H-# i fE AR
A5 R RN 28% (40/145 ), S XIBREED B3R 4 4
TR 28% (99/362) —F, PRI i AR Y 2 4 A
A5 S ARG RO o T IE AR, H R e AT
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A, 45 AR LR A LR 2 AL RS IR D3 DL R 38 R A S A A

%5

LB PRI B0 722 S 4 o 55 5 R ) ik B ) B0 722
SHUSH, A A RE S ER A HE R LR A

AWESE RN , & S LT GIB2 (SLC26A4 4
SRR R A 37% 4046 GIB2 AR 546 %0 18%
SLC26A4 75 S5 K %k 18% . i GIB3 HI MT-
RNRI R HZEILP R 0% . A4 RS+
BRasT™ [ B g8 4% R AR — 3. N I, GIB2,
SLC26 A4 BURZEFH R 1 ~6 # FILEENH &

GIB2 JE R AR S5 8 R BN 1B AT B2, WU XS FR
W T3P 2 AR B S e B B, 2B I s
GIB2 JE A 2 i) Cx26 25 434 T N H-AR &5 4 i
g g 2L, Cx26 A IR P bk B v B0 2 1
o GIB2 FEP LA TG, bk R B 2 16 0 35
ALITEEE . GIB2 LR AR S B0k H Ye (R gk
BEPEE N GIB2 JE NS 5| i H R,
WEIE fih 2271 A I ) B0 BEAS IR, R i R
RBEE S NTHEA" . AU SR iE &
L GIB2 AR S 4G K 18% , 5 3K [ £ 5 % 4R 3
FE. 71 i B L GIB2: c. [235delC]; [ 176 _
191dell6] & & 724 & 1 i, GIB2: c. 235delC 4li &
4 5, 2 Ze 4 8 fhil, L, e. 235delC 4l T 14 B
SERTT R . 235delC HiZk 4y 5 c. 235delC HiZs 4y
BILIACR BB SE —J7 A c. 235delC %455 /8L
(W 7 1E ) S AH IR U Oy . 235delC FLAR G BT
AsSE . GIB2:c. [235delC ] ;[ 176_191dell6 ] & 4 4%
BFIEEE c. 235delC FRARA T AR c. 176
191dell6 H12% A LK GIB2 3 [H #a 2% & 7F
S, HAC B Wb A — J5 A A R A2 S5 5 0 BB LR AT
GIB2 2 ¢ 5y , vl it — 2 Wi J& 75 B T GJB2 4%
RHE.

SLC26 A4 R 47 Sl K 7T S 3R 2 F K5 3
Ko BIRES/KEY KBS, BAER AT REWT 1 IEH 78
KERAM R E SR RIFE LT BT TR, W
TRERT R PE. e 8E CT 5 MRI R I HE- S
KA BN E AR, FRON KR K A LR AR
SLC26A4 BL K 4 i Pendrin £ 1, 18 75 P4 bk T2 9K 5
TV, 2w U R R A PR B Y . Pendrin
EHFELFRATHE EIEFMARIE . A8 71 4
BIL,EAT L SLC26A4 AF Rk % 18% , 5 F
AT R — 3, 71 il L P SLC26A4:c. 919
—2A>G 45, B a 5 Bl e. [919-2A >G
[1229C > T].c. [919-2A>G]; [1174A > T] ,c.
[919-2A>G]; [1975G > C] H &7« & 4 1 fi,

71 ) f L H, SLC26A4 : c. 919-2A > G4l & F 1AL
BEEROT R H ¢. 919-2A > G244 5¢.919-2A > G
I F AR BB R B N . 919-2A > GHRLIR
G5 LT 1 IE R B YU AH IR S . 919-2A > G
PR S TEAR SR ¢ [919-2A>G];[1229C >T] .
c. [919-2A>G];[1174A > T] .c. [919-2A>G];
[1975G > C] G RE FWALE—J N c
919-2A > GHA AT A — I H c. 1229C > T . c.
1174A > T 5 c. 1975G > C P Z &, BLK
SLC26A4 JEH A5 AR S HACRE AT —J7 A1 A [A)
AR S % BLES T SLC26A4 FE N5, WT iF — 2
W1t 275 B T SLC26A4 5 3 53%

For  H- R R R AR S i A2, HL AR B0
PRI AR S (4 XU B 3 o 25 3 PR A St 2 R 5 48
W lE— P HEREE A BURE R i RS HE R
JULR AR LRI R, PRI, A 4l - 8 R TR 1% i 45
R TIRAL ), X st A M B 2R ) B A

GIB3 HE PR AR S e 1 5 5 G (o 44 I 1 5 B
PR G VEH- 2, GIB3 &5 — 7 rh E o i B3
PN 5] S A T R R
GIB3 75 i R is . [ P X B4 438 2 451 GIB3
LR AT F W IR . ARERARIN 1 ~6 2 8
LR FBER AR LB GIB3 S HAE R, 5T 4
HIZER—3 o WATRFAAEA Fr it — 25

EEWGEE R, & MT-RNR1 2£[H m. 1494C > G
5 m. 1555A > G 548 S 1) AR, % s EE 24
A R BRI, I RG] Y s R R 25 Y D
W REGE AR E I RN . ARSI 1 ~
6 % UL FEE MR & IZFE N A 5o %L 1)
A A ETE AT B LIE B (HR A A %8 A
S D) s {2 B iR 259

AHF5E 30, GIB2 1 SLC26A4 & A4 5748 5
a5 A8 SRR b DCEE i 22 R LA 1Y 22 80
2, H b GJB2: c. 235delC I SLC26A4: c.
919-2A > Gi# WL X TR ARG 251 H
B2 REL, N HEA T AR N R R Y st — 25 B A o 112
W, BB L R 0 5 e 5 R g B R E Y
PIVRTT Fs A2 PR AR TS o H AR URAEAS I3 5 4
D U204 KA, Sy 42 1A b
DX R RS S A OO o

S 3k

[1] Lazir C, Popp R,Trifa A, et al. Prevalence of the c.35delG and

- 463 -



o [ - G A TR AR A 3

5524 %

p. W24X mutation in the GJB2 gene in patients with nonsyndromic
hearing loss from North-West Romania[ J]. Int J Pediatr Otorhino-
laryngol ,2010,74(4) :351 —355.
B M, PO, 4. ARSRA IR B3 0 2 DL HL 3 P
AT ARl 2R A, 2013,11(1) (121 - 125.
Hu Y, Sun JW, Sun JQ, et al. Common deafness genes mutations
innon-syndromic deafness patients[ J]. Chinese Journal of Otology,
2013,11(1) :121 —125.
KBk, A A5, A, A5 DL PR R X T i 2 AR
5 HZFE N I AT (], W 2 RF IR IR,
2016,24(6) ;545 —548.
Liu J, Mou SY, Fu M, et al. The distribution of common deafness
genes in the deafness Patients and the high risk population in
Dalian[ J]. Journal of Audiology and Speech Pathology,2016,24
(6) :545 -548.
Bz, 25, R A T RATI ] BT A BOR AR £ A E A
DIRG9 B [T ]. AP A B Sk SR 2R
2013,48(12) :985 —990.
Zeng Y, Jiang D, Feng DF, et al. Application of MALDI-TOF-MS
in gene lesting for non-syndromic hearing loss[ J]. Chinese Journal
of Otorhinolaryngology Head and Neck Surgery,2013,48(12) :985
-990.
high REL, ), 5. Zp bR IR A AEME TR L GIB2,
SLC26A4 FNZkik DNA12SIRNA SEPH 2828 4047 [ T, v [ H- £
WA SL FAMEE,2015,22(2) 171 - 75.
Ma J, Lin K, Gao YQ, et al. Analysis of mutations in GJB2,
SLC26A4 and mtDNA 12SrRNA gene in children with non-syn-
dromic hearing loss from Yunnan province[ J]. Chinese Archives
of Otorhinolaryngology-Head and Neck Surgery, 2015,22(2) .71
-75.
IME, Wi, kA, 45, 506 RS S F B ARG AERI 2 1K
WL AL R R A T [T, o I G O R U AR A
2017,23 (2) : 133 -135.
Sun J, Chen Y, Zhang H, et al. Investigation of common deafness
genes in 506 patients with nonsyndromic hearing loss in Shache
County of Xinjiang[ J]. Chinese Journal of Otorhinolaryngology-
Skull Base Surgery,2017,23(2) :133 —135.
T, B, T, AF T 1Lt DX A O R R AR S A A
[J]. e H R4 ,2018,16(1) :65 - 72.
Wang D, Wei C, Zhang XQ, et al. Variations of deaf-associated
genes in Maanshan [ J]. Chinese Journal of Otology, 2018, 16
(1):65-72.
Ak A, KA, L IE W AT B Ve R R R S
it e SR A L] R E A i 2K, 2013, 21(7) .7,

(9]

[10

(1]

[12

[13

[14

[15

[16

[17

. 464 -

]

]

[

]

]

]

[

+20.
Meng P, Hao DM, Zhang JY, et al. An analysis of the mutation in
common deafness gene in normal [ J]. Chinese Journal of Birth
Health & Heredity, 2013,21(7) :7, +20.
TS, IS 3, I . X 150 {5 R - b O R
R LB R AR S AT L ] Wi R ST Sk SO A
2013,27(7) :366 —370.
Wang Q, You YW, Zhang QC. The molecular epidemiology analy-
sis of heavy-profound hearing loss in Nantong[ J]. Journal of Clini-
cal Otolaryngology Head and Neck Surgery,2013,27(7) :366 —
370.
Kikuchi T, Adams JC, Miyabe Y, et al. Potassium ion recyclying
pathway via gap junction systems in the mammalian cochlea and its
interruption in hereditary nonsyndromic deafness[ J]. Med Electron
Microsc,2000,33(2) :51 -56.
Petersen MB, Willems PJ. Non-syndromic, autosomal-recessive
deafness[ J]. Clin Genet,2006,69(5) :371 —392.
Morell RJ, Kim HJ, Hood LJ, et al. Mutation in the connexin-26
gene( GJB2) among Ashkenazi Jews with nonsyndromic recessive
deafness[ J]. N Engl J Med,1998,339(21) ;1500 - 1505.
INEF ERR, T, 5. GIB2 | SLC26A4 K #opi # R A8
SAH CT REKR R MBS [T]. PAEHR2AI%0K,2014,12
(1):30-33.
Sun CB, Dai ZY, Huang SS, et al. Study on the relationship be-
tween the pathogenic mutations of GJB2 SLC26A4 and CT pheno-
types of inner ear in patient with sensorineural hearing Loss[ J].
Chinese Journal of Otology, 2014 ,12(1) .30 —33.
Van Laer L, Cryns K, Smith RJ, et al. Nonsyndromic hearing loss
[J]. Ear Hear,2003,24(4) :275 -288.
Xia JH, Liu CY, Tang BS, et al. Mutation in the gene encoding
gap junction protein beta-3 associated with autosomal domination
hearing impairment[ J ]. Nat Genet,1998,20(4) :370 - 373.
R WS, WS S TR Y ML R AT R R SR BT Y
(I]. BT S3iE = B B2k ,2008,6(5 ) :28 - 30.
Li Q, Dai P, Huang DL, et al. Mitochondrial mutations related to
drug-induced hearing loss of patients in Xinjiang[ J]. Chinese Sci-
entific Journal of Hearing and Speech Rehabilitation, 2008,6(5) :
28 -30.
X2 SR, X 2% RS UE BRI A 2R YT P ERILT ]
Hh [ BRI PR ST R % A, 2018,24 (1) :1 - 6.
Liu XZ, Sang SS, Liu YL. Precision medicine in the treatment of
deafness[ J]. Chinese Journal of Otorhinolaryngology-Skull Base
Surgery, 2018,24 (1) .1 -6.

(Wschs H11.2018 - 04 -08)





