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SLC26A4 EENABZRTNHEREREE S TEHIH

WAL, S BUam o R, kMR, AT
(RISEEFIACE IR TR 5 210029)

[ E] HAY:SLC26A4 FFEFEGRIGEE A W WEURER , 7 AHFREE P SLC26A4 FFH A 2 /F 170
il SRS ] 3t DX B2 ARG B 0 45 5, TE TG SLC26A4 BRI & S8 TR I AH DG HE , PR AR X B3 5L 1H] SLC26A4
Wi GRAR AR 2 5 M A F A5 H AT T IR AR . 3% ARHE A MBI RELE 1997~2014 4428k SLC26A4 5HAZH X
H)SCHRHGE 662 4, 2T NEWCASTLE OTTAWA (NOS)FRUEfi#E H 31 5 SCHRGI ADFSE , KA STATA11.2 F1 RevMan 5.1 {4
HE4T T Meta 7307, 3456 Swiss Model FXT SLC26A4 41 & B 2 AR F B A /3 T A5 1048 Rl AT L amdr . 6ROk I
SLC26A4 J 7N H- 2 %995 KUK (OR= 39.73,95% CI: 21.36~73.90,P < 0.001) ;@ SLC26A4 SASTE I ATEH A B S vk,
7 RS b DX ) TG 5 o 5 D4 Y SLC26A4 3EP 6 Fis M3 #5848 (p.VI38F ,p.G209V ,c.IVST-2A>G ,c.IVS8+1G>A ,p.T416P Fl
p.H723R) , 338 15 2 T 53 T A5 WAL 2 B8 A8 5 AT T LR Z5 A0 MU 8538 AR FST Ol SCL26A4 302 28 A8 A0 AN ) i IX H-28 A
R BB 2ERN BIFSE 895 1 A
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Study on molecular structure and racial difference of high frequency pathological SLC26A4
mutations in hearing loss

Lin Zifan,Lu Yajie,Qian Xuli, Yao Jun, Wei Qinjun,Cao Xin"

(Department of Biotechnology , NJMU , Nanjing 210029, China)

[Abstract] Objective: TSLC26A4 gene is thought to be the second major contributor to hereditary hearing loss. At least 170
pathological mutations of SLC26A4 were identified in deafness patients,and showed regional differences and ethnic specificity for
different groups around the world. However,no unanimous conclusion was achieved on the high frequency mutations of SLC26A4
which induced the hearing loss. This study is aimed to invistigate the molecular structure and racial difference of high frequency
pathological SLC26A4 mutations in hearing loss. Methods: Total of 662 published epidemiological studies of SLC26A4 mutation and
deafness was collected from 1997,Jan to 2014,Dec. through the databases. Based on the NOS standard,31 of the articles were
included. meta-analysis was carried to study the data of SLC26A4 mutation frequency. Statall.2 and RevMan 5.1 software was used to
describe the data of literature for meta-analysis to explore deaf risk correlation. Swiss Model software was used to analyze the
molecular structure of high frequency pathological SLC26A4 mutations. Results: (D A variety of types of SLC26A4 mutations are
associated with an increased deafness risk (OR= 39.73,95% CI. 21.359-73.903,P < 0.0001); @ It indicates the significant
heterogeneity in Asian but not in European and American; (3Particularly,the 6 kinds of mutations were calculated as high frequency
pathological SL.C26A4 mutations(p.V138F,p.G209V ,1VS7-2A>G,IVS8+1G>A,p.T416P and p.H723R) ,protein structure changes of
which were simulated by Swiss Model. Conclusion: These findings advance our knowledge of the genetic basis of SCL26A4 variation
with hereditary hearing loss in the multiethnic populations
[Key words] SLC26A4; hereditary hearing loss; meta-analysis; structural analysis
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145Nk, KRR CHGE T SLC26A4 A8
AR R AU, BB R E PR
SLC26A4 FEH 2878 5/ 170 il {H SLC26A4 %8
ARAY B i AE H R R AR I I 45 AN R AH
], U SLC26A4 p.VI138F AR EHE v AFf it 4 1 H-
B2 099 AR 1 2 L4510 IR 20 TR A A
p.T416P H1 c.IVS8+1G>AL) p.H723R Fl c.IVS7-2A>G
ZAR N BE TN T A 45 v [ 78 PN ) I B 22 i
KU, s 5T S /KEY K (enlarged vestibular
aqueduct, EVA)FRAVFHICHS i TR0 58 A
At/ N, 1 RO TR R i e A se s , L
ANHEBR AR B N AR S AR ARG AL i 22 5
B, ABFFERIE A B R, RENUE 1997—
2014 -4Ek SLC26A4 5 HFR A AY SCHRARE FH T
Meta 4347, 5EREITPAH SLC26A4 2875 i fe v H 2%
R RIAE DG ; PEA & Hb H 22 AHBF SLC26A4 5878 /&
TAFAERIR S M 5 Ut AN [R) L DX () SLC26A4 28
ARTR S R SRR AR 45, FFFIH Swiss Model 44
P SR A 7 T 450) , B0 IE 2828 I mT g =2k
HIBOR RN . ARWE5E 8 O T HiRGE 19 170 ZFp
SCL26A4 ZE7F AT T 5 H-E A A LA Meta 43H7
M EHT, IR E R 6 P s R T T
P22 S f oy T 2540 0t , itk —20 SCL26A4 B3
AR () 3T AR IR 5T 355 T 560

1 #RF7EE

A
TE PubMed . InterScience British Library Direct
Embase Pl Sciencedirect FUHE 1 H K 2R 9 SCSCHEK
¥ % 17 &y (SLC26A4 OR DFNB4 OR PDS)AND
(hearing lost OR deafness OR epimorphosis) AND
(mutation OR variant) , Jf-4 LA SCHRIE W1 A FRAH G
SCik , FFH Google S AR 2 A5
12 7&*
1.2.1 X#kifit
SCHERANAFRE : D1997 4F 1 H—2014 4F 12
N AMATF R R B8 SRR ZEGR I SLC26A4
G S HAE N AT s (% BEBIE ST ; @ bl 4k
Paoets, BEEHumEER IS HEDS OR K 95%CI;
HETl— AR 2058 3 FH SRR R e sl
SERCZE S MK NOS(Newcastle-Ottawa Scale )
{oiT REBIFSE 5Tt P X A A A SCRRIE3
SCHRHRRR AR UE : O BHEA 88 o U
SRAUIE s Q52 LRI SCER s OB EE A TR — K

1.1

FRIOWFTY ; ARSI SO B ok & R IIFE

WHEAN LB, W 8E 1997 4F 1 H—2014 4F
12 [ SLC26A4 2875 5 H. 3 AH G 1 SCHR 662 f |, 2
T NOS bt — ik th A E KT 5 4389 31 f 3¢
BRI ABEGE(E 1), B K 38 B (% 1) A4
12 HERSE NFEFFEAN 26 AN AFERF T, Horh B
St 8 477 9, EH %R 4 519 1], J5LAA SCHR B 5k
S5 R0 MR A DNA I8 33 PCR MFE3R4S

(662 55
FF%@%%*JK%%E%?%, ﬁi&i%]

[*Eb%a‘é%iﬂﬁﬁiﬂzﬁ@%%ﬂ?ﬁ%mﬁk]
)

BI-XIRAIBTTE , R RIS,
| Pk TR AT, AR
SCHR AR R BT (631 )

[zm%% Meta Mﬁa@m]
(315

YN BN Meta S3ATIOBFST (38 T
(I HZR ) 8 477 BIANIE H XTI 4 519 f41)

R N BEE il o) | SLC26A4 ARSI Es Jise 22 53 )22
Meta 347 fakE Meta 5317
(T ARFBfgE 26 31| | (07 p. VISBET p. C209VELIVST-
gamif ST 19 TT 2A>G25 1VS8+1G>A8 pT416P5 Fl
AHETEH X A BEBSE 1250 o
B 1 Meta HfiHIEE

Figurel Flow chart of meta-analysis

122 HFEFRI

XTI SCEE R RS ARy BFE
NHERARTR WS HEHER SRR, LUK S (I 2H Fxos R ZH
1) 2% BE R B HE A 2 B A TR B
1.2.3 &a s

Pt SLC26A4 Jk PRI A 71 55 58 AR RUARRY i Fi]
Swiss Model TEZ 4K 14 (http://swissmodel.expasy.org/)
WFFESAE T SLC26A4 XK [ RS H IS4
13 %itssa

Giit2E 53 Mok I Cochrane PME 2438 14 5 4
fJ (RevMan 5.1), TR LB EE (odds ratio,
OR) /R, it 1 98B HACEE 1934 2 (weighted mean
difference ) 67~ , P& 1 95% 7] {5 [X.[8] (confidence
interval,C1) 7~ THRSW LA I EHER OR 1H
FeH: 95%Cl, 2l R AR IR, J7R 25 WF 7 45 2R S H Ry
fiE, W STATAL1.2 B A3 Hr R R M Aw AT, K 2% A
fai R Begg Kr307, FTAT P AELA A RUMIAG: 345
SRR Rm B RS K AE o 3178 0.05, @it
A Q KIS T R BRSSP > 0.05, 000
&8 I REUETC B3 S B, SR [ RN A Y
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(fixed effects model), 5 W >R F Bl HIL 2% B AR 7Y
(random effects model) 47 70H7, >R K% 4 2%

JE o AR A R BEOR B WTIX Meta 73AT45 R 32
KA AT PR A RE EER /I, SIS BON AT 5 UK Nis

(failsafe number, Nfs ) 22 S 1P A& 2 M0 47 B 52 i 7

<10, 25 M E R

K1 NS 38 T SLC26A4 RESEZEBLHAR
Tablel Summary of 38 eligible studies about mutations of SLC26A4 in hereditary hearing loss

X PIASCHR  REAECRL AT ER) Rl pIRES PN B NOS 43+H
FE  Yuan YY,2009” 484(284/200) B F+DHPLC T LR BTERUR 5
FE  Chai YC,20130° 530(330,/200) BN TEM BB oY vas 5
FE DuW,20149 803(538/265) SNPs 7 TEM E[Eo YN e 5
PE LuYJ,201100 297(135/162) BN TEM E[Eo YN e 5
E HuXY,201212 295(195/100) BN TEM BB oY vas 5
E Guo YF,2008 631(514/117) BN TEM E[Eo YN e 5
fFE DaiP,2008!4 161(111/50) HEMF+DHPLC T LR BTERUR 5
fIE Yuan YY,201209 2 552(2352/200)  EEANF+DHPLC ST LR BIERUR 5
E - LiQ,20120¢ 1 147(1 065/82) HHT M AR R 5
FE QuCy,2011M 229(179/50) HHT M AR R 5
FE Xin F,2013 435(235/200) HEMF+DHPLC ST LR BTERUR # 5
E  ChenY,20111 302(199/103) BN TEM E[Eo YN e 5
E  ChenY,20111 221(151/70) BN DI E[Eo YN e 5
WhE  Lee KY,2008% 79(29/50) BEHAWT, Hid CT DI LEEIER R (EIEH) , EVA 6
WEE  Park HJ,200320 212(92/120) A DI AELEEIER R (EIEE) 6
27 Park HJ,200320 289(195/94) A DI AELEEIER R (EIEE) 6
thE Park HJ,20032" 130(86/44) B TEM L BIER R (JEiEH) 6
FE  DaiP,200922 216(116/100) HEMF+DHPLC ST LR BIERUR 6
hE  Dai P,20092 231(131/100) EHEF+DHPLC SV HERR(JEuE) 6
E  DaiP,2009% 150(50/100) BN, BiE CT T JLBIER R GBI ) , EVA 6
FFEA Lai CC,2007 57(7/50) BN, BiE CT T PS ZRETER R GEIEH) 6
HA  Miyagawa M,2014%  292(100/192) HAEDFE, Wi CT ST PS ZEEEZR ZR (JEIEH) 6
FE Wang QJ,2007¢ 185(101/84) BT, BeE CT T PS Z3AMES AR (SEiEH) 6
REAW Wu CC,2005% 85(35/50) BN, BiE CT T PS ZRETER R GEIEE) 6
HZ<  Tsukamoto K,2003% 138(42/96) BEHAWT, Hid CT DI PS ZRETER R GEIEE) 6
hE Lai R,201227 121(21/100)  FEFESF+ BN, 08 CT M ELERMERRSTIER ), EVA 6
¥E  Jonard L,2010% 125(25/100)  HEMF+DHPLC, i CT R LEEIER R (JEIEE) , EVA 6
BE Albert S,20065 150(100/50)  DHPLC +lJF, 3 CT BRI LEEIER R (JEIEE) , EVA 6
A Cirello V,20122 99(19/80)  HHEAMF+DHPLC, i CT BRI LEEIER R (JEIES) , EVA 6
TEHEA  Pera A,2008 281(67/214) BN, BiE CT el PSZEAIER RS EVA RS 6

MFERZR (k)
HETT Pourova R,20107  806(303/503) BN, BiE CT el LR 6
¥E  Blons H,20045" 85(30/55) EHHAWT, HiE CT BRI PS ZRETER R GEIEH) 6
[P  Martins F T A,2013% 376(282/94) B E E[Eo YN e 6
%E  Campbell C,2001%  158(58/100)  SSCP+E#HEMFE, Wi CT  JLEW ALRBIER R (G ) , EVA 6
2[E  Dai P,2009%2 150(50/100) HAENF+DHPLC LU LR 6
%[ Pryor SP,2005 127(31/96) HEF, Wi CT de2Em PSLEATERAS EVAIELES 6
MERZR (k)
FEEFEYH Hauwe PV, 19981 62(14/48) HEF, $iE CT B &AL3EM PS LEETER R (SEuE#) 6
2[E  Dai P,2009%2 305(205/100) HEAENFF+DHPLC LU L BRI 6
2 & = pT410M pT416P pl445W pV609G p.V659L pL676Q.
=A

2.1 SLC26A4 K 3 & & L AP ki oA

31 RN SCHR Y 38 W HFZWF 7T b, IR B 250
il SLC26A4 2748 | HA 3 AHEh 588 ik >10 1Y
AR 15 B, 358 p.VI3SF p.G209V  p.L.236P

¢.IVS7-2A >G . c.IVS8 +1G >A [ p.N392Y | p.R409H |

p.T721M il p.H723R, SLC26A4 5875 5 P 4 5
PES AT (B 2A (B) - R IULE 7 28 1 X H- 82 A B D
p.V609G ZE45 Sy 3 | ZE AR N %k 3.90% ; 7F AL 3 Hh
X Z AR R RS IR B m 1A ¢ IVS8+1G>
A(10.119%) , Hk g p.HT23R(7.14% ) ; R s X HZE A
BEPAEAERRIIR (1.90%) BY ¢ IVS8+1G>A BYRAS
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WIHER ST B AR R 2 B HbIX, Hof TVS7-2A5G 1Y
GRAPNA IR 12.53% , HK N p.HT23R(4.19%) . I\
SARE I PR A B AR AR A e B AR IR €. TVST-

2A>G (11.91%) .cIVS8+1G>A (4.14% ) ,p.H723R
(4.01% ) .p.T416P (3.51% ), p.V138F (2.45% ) FlI
p.G209V(2.30%) , 2 A T 2.00% (18] 2C).,

A

C

14019

eS|

80.40%
ul.19%
80.28%

Ju3E

AL

80.65%
u0.52%

. . . . : : ‘ . . |
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B2.45%
=2.30%

91.93%

011.91%

T R Bl =il

B Mo 41265 T(p. V138F) 0.00% 2. 00 3. 88K 0. 00%
| mc- 62655 T (p. G2097) 0. 00% 2.4 1. 96% 0. 00%
Ce. T07T>C{p. L236P) 0. 00% 0. 5% 3. 6TH 0. 00%
c. 9182426 (TVST-242G) 12, B3% 0. 00% 2. 00% 0. 00%
| o 1001+1G>ALTVEEH GoA) 2.11% 1. om 10.11% 0. 00%
Me. 1174 A>T (p. 38273 0.73% 0. 00 0. 00% 0. 00%
| . 1226 G4 (p. R409H) 0. 8% 0. 92 T. 4% 0. 00%
Oc. 1228 C>Tip. T410M) 0.74% 2. 64% 0. Tek 0. 00%
| Wlc. 12464>C (p. T416F) 0.00% 2, 00% 3. 08K 0. 00%
| mc. 1334736 (p. L4450 0.04% 2,20 6. 6T% 0. 00%
[c. 1826T5G (p. VAOSG) 0.21% 0. 00 3. 23% 3. 90%
[Cec. 1875 G ip. VAESL) 0. 35% 0. 0 0. 00% 0. 00%
| . 2027 T4 (p, LETEQ) 1.19% 0. 00% 0. 00% 0. 00%
|- 2162C5T (p. TT2110 0.34% 0. 88% 0. 00% 0. 00%
| Wc. 2168456 (p. HT23R) 4.19% 0. 00 T. 4% 0. 00%

B2 BERTIMESN
Figure 2 Percentage distribution column charts of 15 high frequency mutations of SLC26A4

2.2 SLC26A4 RF) R & # &85 Meta 44T
2.2.1 B4k Meta 4 H7

XF 2 X H- 2 AR SLC26A4 5875 1Y MfA Meta
AT EE R WO EE T ERERE SR (0=
71.2%,P < 0.001), AR FHBEPLSN AL 4753
Mr, G55 SLC26A4 ZEAF AN T B3 & s KU
(OR=39.73,95%CI; 21.36~73.90,P < 0.000 1,/& 3A),
222 5B

R T HEBR S Meta Z3Hr4h SR rh A 7E 10 S ok
53 AR Al AN ] 1 DX N RN 35 R R A T4 2 E T, 465
- 3/(1

ANTRIH XN BE . % SLC26A4 2878 5 3 Y H- 2
AR Meta 2007 7R, G5 AR FEAE T SR B it A%
S (17=74.8%, P < 0.001) , il i3 BEHLALN AL 73
BT, 7R SLC26A4 58748 HE NP N H-35 s XU
(OR=26.97,95%CI: 13.23~54.97,P < 0.001, ¥ 3B),
MR ATERYT Meta 23 BT 485 R R ANFEAE S bk 25 55
(I*=0% ,P=0.600) , A 1R FH [ o 500 A AU 464 7
Br, 255 7R SLC26A4 RAZHE IR IE NFFH-Z 1) &
I KU (OR=107.841,95%CI; 46.50~250.12,P < 0.001,

A 3C).,

2 AR . W SLC26A4 i AR B 7 5
HENBIT 205, 4558 BRI ¢ IVST-2A>G
52 X H 8 NHEHRORAAAE h R B it % S ok
(1°=43.2%,P=0.012), 383 FEALRON AL 2347 7
c.IVST-2A>G Z275 14 Jin 22 b DX N B 28 % 9 XL G:
(OR=16.33,95%CI; 11.31~23.58,P < 0001, [&3D),
HAy 5 P Al R 748 5 2 1 X B8 ABERI I AT AE
IRAESETE , B A . IVS8+1G>A (17=0% ,P =
0.998),p.H723R (1 2=20.0% , P=0.189) ,p.T416P (I =
0% ,P=0.507) ,p.V138F(1%=0%, P=0.935) Fl p.G209V
(I*=0% ,P=0.990) , A 1R FH [ 5 S50 0 483 Y 3R 4 7 41
BT, SLC26A4 HoAth 5 Fh 5848 5N [RIHh X B2 AHE &
9% XUBS: ORs 239114 p.V138F(OR=9.42,95%C1.2.90~
30.63,P < 0.001) . p.G209V(OR=7.56,95% CI:2.62 ~
21.79,P < 0.001) . p.T416P(OR=7.55,95%CI:2.01~
28.38,P =0.003) .p.H723R (OR =16.88,95% CI:9.98 ~
28.58,P < 0.001)F c.IVS8+1G>A (OR=9.30,95%Cl1 :
3.07~28.11,P < 0.001), Z5F:57R 5 Ff SLC26A4 %8
AR SATHE N 2 1l DX N E 8 ) R0 KU (] 3E~T)
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Pryer SP(2005)

Hauwe PV (1998)

Dai P(2009)

Dai P(2009)
Overall(1-squared=0.0%,P=0.000)

52.11(2.98,910.30)
344.04(19.48,6 075.57) 88
27813.00(53.43,148 091.72) 451
52.11(2.98,910.30) 8.65
24.65(1.48,410.58) 8.94
107.84(46.50,250.12)  100.00

6.8¢-06

1.5¢+05

20154E9 A MRHE LA : SLC26 A4 J PRI e 3508 98 A8 it 22 S ML o3 F- 256 3 i -1189-

A Study %
D OR(95%Cl) Weight
Yuan YY (2009) 8.95 3.51,22.83; 3.96
Chai YC(2013) 12.50(2.98,52.46 353

Du W(2014 9.72(4:86,19.42 41
Lu YJ(2011 61.03(3.66,1017.74) 2.30
Hu XY (2012) 42.94(2:60,708.16) 231
Guo YF(2008) 10.29(2.49.42.49 3555
Dai P(2 088 972 2.23,42.40% 350
Yuan YY (2012) 4.69(2.19,10.06 409
Ii(glgzol ) 6.58(0.90.,47.89 3.01
Xin %201 ) 44.35(2.68,734.95) 230
Chen Y (2011 2.09(0.23,18.97) 2.81
Chen Y(2011 2450 l.46,409.94; 229
Lee KY(2008 17.82(0.92,344.06 2.19
Park HJ 2003; 412 0.8],20.89; 235
Park HJ(2003 1.95(0.21,17.67 2.81
Park HJ(2003 6.01 0.32,111.14; 222
Dai P(2009 32.00(4.29,238.77 2.65
Dai P 2009% 1551.00(157.12, 15 310.61)  2.99
Dai P(2009 437.67(16.09,1190.01) = 2773
Lai CC(2007) 870.11(114.25,6 626.62)  1.95
Miy agawaM (2014) - 6 726.20(318.49, 142 050.94) 2.97
Wang QJ(2007) ——— 168.33(9.58,2957.21) 212
Wu éc%zoos) 783.33(44.04,13 934.54) 226
T sukumutuSZOO:S) 465.50(61.71,3 511.21) 2.25
Lai R§2012 20.61(1.24,343.14) 2,08
Qu C Igzolz) 653.67(33.93,12'591.34) 230
lons H(2004 81.49(4.46, 1 488.87 2.19
Jonard L(2010) 67.61(4.06. 1 127.27% 223
Albert S(2006 ) 119.00(6.43.2 20272 230
Cirello V62012) 226.55(13.51,3 799.60) 222
A Pera(2008) 96.16(5.84, 1 584.02) 2.29
Radka Pourova(2010) 09.47(0.56,160.81) 231
Martins FTA(2013) 133.06(7.87.2 248.30) 2.8
Campbell C(2001) 52.11(2.98,910.30) 2.29
Dai {>22009) 14.04(19.48,6 075.57) 226
Pryor ;P§/2005) 2 813.00(53.43,148 091.72) 2.25
auwe P §l998) 24.65(148,410.58) 1.57
Dai P(2009) 39.73(21.36,73.90) 230
Overal (1-squared=71.2%,P=0.000) 100.00

NOTE . Werghts are from random effects analvsis I
6.8e-06 1.5e+05

Study %
B D OR(95%Cl) Weight
Yuan YY (2009) 8.95(3.51,22.83) 5.45
Chai YC(2013) 12.50(2.98,52.46) 484
Du W(2014) 9.72(4.86,19.42) 5.69
Lu YJ(2011) 61.03(3.66,1017.74) 3.10
Hu XY (2012) 42.94(2.60,708.16) 3.11
Guo YF(2008) 10.29(2.49,42.49) 4.86
Dai P(2008) 9.72(2.23,42.40) 4.78
Yuan YY (2012) 4.69(2.19,10.06) 5.63
Li Q(2012) 6.58(0.90,47.89) 4.10
Xin F(2013) 44.35(2.68,734.95) 3.11
i Chen Y (2011) 2.09(0.23,18.97) 3.82
DA Chen Y(2011) 24.50(1.46,409.94) 3.10
Lee KY(2008) 17.82(0.92,344.06) 2.95
Park HJ(2003) 4.12(0.81,20.89) 4.58
Park HJ(2003) 1.95(0.21,17.67) 3.81
Park HJ(2003) 6.01(0.32,111.14) 2.99
Dai P(2009) 1.74(0.16, 19.44) 3.55
Dai P(2009) 32.00(4.29,238.77) 4.07
Dai P(2009) 1551.00(157.12,15 310.61)  3.71
Lai CC(2007) 437.67(16.09,11 90.01)  2.62
Miy agawa M(2014) 870.11(114.25,6 626.62)  4.04
Wang QJ(2007) T 6726.20(318.49,142 050.94) 2.86
Wu CC(2005) 168.33(9.58,2 957.21) 3.05
T sukamoto(2003) 783.33(44.04,13 934) 3.03
Lai R(2012) 465.50(61.71,3 511.21)  4.05
QuCY(2012) 20.61(1.24,343.14) 3.10
Overall(1-squared=74.8% ,P=0.000) 26.97(13.23,54.97) 100.00

NOTE; Werghts are from random effects analysis :
1
7.0e-06 1.4e+05

Study %
C D OR(95%Cl) Weight
Blons H(2004) —_— 653.67(33.93,12 591.34)  8.09
Jonard L(2010) 81.49(4.46, 1 488.87) 838
Albert S(2008) 67.61(4.06,1 127.27) .94
T Girello V(2012) 119.00(6.43,2 202.72) 8.31
b A Pera(2008) 226.55(13.51,3 799.60) g g
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2.3 6 #F SLC26A4 38 3 R T oy %& & 45 M TRm)
L Swiss Model 4% T 6 ™= SLC26A4 &
2878 (p.VI38F, p.G209V, p.T416P cIVS7-2A>G .
p.H723R Fll c.IVS8+1G>A) B 4K LS MR | 45 51
TN 6 DGR IR HES YA 4 - PRtk ok
IR~ AE Y el As DN ZE TS R AR F S RS Y
B85 (18 4)
2.4 HBMHFRF RS
SRR 30 455 W TR A RIS R 5
Wi s A OR, HARTEEAR X BN (K 5) . A&
FIRL 5 RN, Begg s T 1 B s JE A X AR HLJG Bk Ay
(I8 6),Egger’s K36 P=0.053 Nfs>10, k24 2%k
5 5 BV ER I 45 R Ui T S A R I 45
3 3 g
SLC26A4 (OMIM No.600791) %E {37 F 7q31 YL {h,
K, 2SO RS A WYUK

ARSI, 2 15% M H-E B4 HAT SLC26A4 JEH
A SRR AT S, ASFHIIX. SLC26A4 5

R M ARG M ES AR =5, IANT R A
STATA11.2 Fll Revman5.0 #4255 T R4 Meta 5747,

TEXTANARY 31 f B AHFH SLC26A4 HE[H 58
A SCHRAMTE , 9109 OR {H4R7R SLC26A4 £2%
75 5 22 1 DX HE B s UG A7 7 i 3 DG, XoF AR
SEHT R . WRSEABE SLC26A4 FE[H 28 745 A4
OR [ETEDRMEI T AT, $E7 SLC26A4 HeH 58
75 55 XN 5 XU A7 7 3 Ol LG A
WM AR AHE A ROV AG T S
Rrgi, P < 0.05 $7R A I BUE A A 8 A5 300 5 o
PR, XFELE e S R R (B 5% 15 AN ]
HX, BENRERZRZHR ZLRERNSR, B
FEAEFE - A BAE ] R -5 AR SR 2
PR ik 2 K 2 AT BE L2 520 SLC26A4 28752
R HER ) R AU

YN H- A FE P ¢ SLC26A4 FE K 5715 it 3¢
BRGNS R B 15 Mk >10 1%
ARSHIAT 11 FPAEAE T AR X e R R AT fig
SHOW N B ABE SLC26A4 LK 28715 48 W & i ok



5 35 &5 o W
<1192- Mos E B Kk FE %R 20154F9 H

ey Swiss Model #5480 SLC26A4 T [ BF AL = #E 454, 210X I8K p. V138K S48 FRTE (v &, 41 (05 Sk 18 16 % LR o2 TIOR8 16
EIXBR p.T416P FEARFT7ENL L, W 65T S48 ) 12 SRR TR 1 R 5 B €8 DX By p H723R G780 8, S €8 37 S 48 1) 1R S R R AR P R R
[ 5 20 X35 p.G209V S8 ARV | St 0 i Sk 4 1] 12 2 56 198 e 78 A R T 5 3 €6 IX 38 SLC26A4 56 8 b i X 3, #5417 Sk 45 1) ¢.IVS7-2A>G
X . IVS8+1G>A ZRAF IS 8 /B FHR 1 SLC26A4 TR —4E45H4

B 4 Swiss Model S5RETHE Q=4 &N

Figure 4 Protein structure prediction by Swiss Model

| Lower Cl Limit QO Estimate | Upper CI Limit
Chai YC(2013) ||. TR R SR PP l
Du W(2014) | O S |
Lu YJ(2011) | .
Guo YF(2008) | i
Dai P(2008) T Q - - . - . I
Yuan YY(2012) e e e e e s | 5@ w0 m memrmm s wme sms ses 3 mme veem 2 e e s @ w s
Xin F(2013) L R =
Chen Y(2011) | S R SRR § RS SRS B 0

Chen Y(2011)
Lee KY(2008)
Park HJ(2003)
Park HJ(2003)
Park HJ(2003)
Dai P(2009)
Dai P(2009)
Lai CC(2007) T R T
Mi yagawa M(2014) 2 lows mes B LRI & Tt 5 5 EEE . FE S B SIS € & 5 MEE B |

Wang QJ(2007) JR e o - - . mem . . P [

Wu CC(2005) 1 T <5 2 R T FRARTRRIS |
Tsukamoto(2003) . B . % [e) g . . s . -

Lai R(2012) y

Qu CY(2012) S et 5w S m s e 56w sm @ om FE 8 wews @ pas
Blons H(2004) | T © S P -
Jonard L(2010) ‘ 5 sm @ se s i KD] me ms 4d Me EsE ¢ amE e ® Ms s Es |
rL\]I)e]'tS(2006) Seses sesmssas sseas sssseses mrees ses o woaes ee seses sees e ee .
Cirello V(2012) | : s
A Pera(2008) } ............................
Radka Pourov(2010) I, - . .

Martins F T A(2013) | EEEES
Campbe 11 C(2001) [} SR
Dai P(2009) I
Pryor SP(2005) II
Hauwe PV(1998)

Dai P(2009)

1
19.09 21.36 39.73 73.90 84.28

B5 HRESHE
Figure 5 Sensitivity analysis of pooled SLC26A4 mutation ORs



535 4555 o W
20154F9 H

MR ML . SLC26A4 5 R & Bk

FERALWI R 22 57 B 45 5 W -1193-

log odds ralio

0 05 1 15 2
Standard error of log odds ratio
BEARARRR A HESE OR H AR BB A BriELR , HARPRFIR OR
) F1SRA STATA. 1.2 B BRI S 30 (Bogs o) KB
HYRSFRPE

B 6 Begg’s RILIFHIE
Figure 6 Begg’s funnel plots of publication bias

B R ZE  %FE SLC26A4 FEHI 275 145 2T
7R, SLC26A4 FE PR 58 A8 Wi K £ (= 1 ¢ IVS7-2A>G
FEP B Meta 43 BT 25 AR 0 57 ok, N AT A IX.
)4 7R T BEAFAE 2 Fhast (G150 X A By 22
SRR SLC26A4 c.IVST-2A>G 5 3R 85 1] fEfE7E
BAAE AR, X 5 A 78 AT A5 21 Y SLC26A4
c.IVST-2A>G FGRE S o AT 45 A — 30, FhiGRs
SEPEMHT B SLC26A4 ¢ IVST-2A>G 5875 il R A7E
VI Hb XA FE R IR 12.53% , T AEIL SE AL N
2.00%, TFERRNATRG SEMATE R I ol . Hifth 5
P A3 SLC26A4 2748 | Jg W I 35 A% A A S ok
¢.IVS7-2A >G .c.IVS8 +1G >A .p.H723R . p.T416P
p. V138F F1 p.G209V 145 Z2 Hh X A H-22 1 A X
AR O , AHIFFTARAH PN AT B Y SLC26A4 2875
PO ¢ IVST-2A>G,  TMiRKSE M X B8 A FH AL
HIZEAS P U e IVS8+1G>A, 3K WA BT 4207 5 %)
FEH S SERTE L T SLC26A4 55 8 ANE Tyl ik
MM 580 SLC26A4 FE K 4765 1Y 5 1 (Pendrin ) Z5 #4 1Y
W1 AR AL, AT 38 W RE Bk e , DA 37K SLC26A4
55 8 APk H A I 5 A XU

X LA NRE R BERl 1 53 F L BRIF ST AT Meta 43
Br, H 2 H W7 TIRR 5015848 590K A KU
MIRR, RIS I (e B A AR S Bt . AW
I IR AE RN S BT, SR E U N SLC26A4 L[
RASTE H B NFEP A X AR S, 6 Fs
WG AR IS AT 1 E 8 R XU ; [ B AR B St i
SLC26A4 c.IVST-2A>G ZE78 %5 M A HF H- 255 a4
H B2 SLC26A4 ¢.IVS8+1G>A 58 78 %t Wk 56 A Fh
B HFEH l B35 AN, XA SCHR A8 & 2 D 1 46
55 P=0.053, $2/~ JoH B & R ey , (5l T4 i)
SLC26A4 ARG HEAE B A —5, HAFE

A % F2 1945 5 SLC26A4 S8R I FIT 445 |
ST SLC26A4 #4405 548 Y RMIy T 8 A |
LRI Gty SR A 57 AR SR e 583

(S 30Hk]

[1] Mcoelular Otolaryngology Research Laboratory [ EB/OL].
[2012-01-01]. http://www.healthcare.uiowa.edu/labs/
pendredandbor

[2] Pourova R,Janousek P,Jurovcik M,et al. Spectrum and
frequency of SLC26A4 mutations among Czech patients
with early hearing loss with and without enlarged
vestibular aqueduct(EVA)[J]. Ann Hum Genet,2010,74
(4):299-307

[3] Albert S,Blons H, Jonard L,et al. SLC26A4 gene is
frequently involved in nonsyndromic hearing impairment
with  enlarged vestibular aqueduct in Caucasian
populations[J]. Eur J] Hum Genet,2006,14(6):773-779

[4] Du W,Cheng J,Ding H,et al. A rapid method for
simultaneous multi-gene mutation screening in children
with nonsyndromic hearing loss[J]. Genomics,2014,104
(4):264-270

[5] Miyagawa M,Nishio SY,Usami S. Mutation spectrum and
genotype-phenotype correlation of hearing loss patients
caused by SLC26A4 mutations in the Japanese: a large
cohort study[J]. ] Hum Genet,2014,59(5):262-268

[6] Wells GA,Shea B,0"Connell D, et al. The Newcastle-Ottawa
Scale (NOS)for assessing the quality of nonrandomi-
zed studies in meta-analysis [EB/OL]. [2012-11-25]. http:
//www.ohri.ca/programs/clinical_epidemiology/oxford. asp

[7] Begg CB,Mazumdar M. Operating characteristics of a rank
correlation test for publication bias[J]. Biometrics,
1994,50(4):1088-1101

[8] Higgins JP,Thompson SG,Deeks JJ,et al. Measuring
inconsistency in meta-analyses[J]. BMJ,2003,327(7414) .
557-560

[9] Yuan Y,You Y,Huang D,et al. Comprehensive molecular
etiology analysis of nonsyndromic hearing impairment
from typical areas in China[J]. J Transl Med,2009,7
(1):79

[10] Chai Y,Huang Z,Tao Z,et al. Molecular etiology of
hearing impairment associated with nonsyndromic
enlarged vestibular aqueduct in East China[J]. Am J Med
Genet,2013,161A(9):2226-2233

[11] Lu Y,Dai D,Chen Z,et al. Molecular screening of patients
with nonsyndromic hearing loss from Nanjing city of
China[J]. J Biomed Res,2011,25(5):309-318

[12] Hu X,Liang F,Zhao M,et al. Mutational analysis of the
SLC26A4 gene in

hearing-impaired children[J]. Int J Pediatr Otorhinolaryn-

Chinese sporadic nonsyndromic



<1194 - (2

PN

5 35 &5 o W
20154F 9 A

E ¢

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

£0l,2012,76(10) ; 1474-1480

Guo YF,Liu XW,Guan J,et al. GJB2,SLC26A4 and
mitochondrial DNA A1555G mutations in prelingual
deafness in Northern Chinese subjects[J]. Acta Otolaryngol ,
2008,128(3):297-303

Dai P,Yuan Y,Huang D,et al. Molecular etiology of
hearing impairment in Inner Mongolia: mutations in
SLC26A4 gene and relevant phenotype analysis[J]. J
Transl Med,2008,6(1):74

Yuan Y,Guo W,Tang J,et al. Molecular epidemiology
and functional assessment of novel allelic variants of
SLC26A4 in non-syndromic hearing loss patients with
enlarged vestibular aqueduct in China[J]. PLoS One,
2012,7(11) :e49984

Li Q,Zhu QW,Yuan YY et al. Identification of SLC26A4
c.919-2A >G
impaired patients to improve genetic counseling[J]. J
Transl Med,2012,10(1):225

Qu C,Sun X,Shi Y,et al. Microarray-based mutation

compound  heterozygosity in hearing-

detection of pediatric sporadic nonsyndromic hearing loss
in China[J]. Int J Pediatr Otorhinolaryngol ,2012,76(2);
235-239

Xin F,Yuan Y,Deng X,et al. Genetic mutations in
nonsyndromic deafness patients of Chinese minority and
Han ethnicities in Yunnan,China[J]. J Transl Med,
2013,11(1).312

Chen Y,Tudi M,Sun J,et al. Genetic mutations in non-
syndromic deafness patients of Uyghur and Han Chinese
Ethnicities in Xinjiang, China; A comparative study[J]. J
Transl Med,2011,9(1).154

Lee KY,Choi SY,Bae JW, et al. Molecular analysis of
the GJB2,GJB6 and SLC26A4 genes in Korean deafness
patients[J]. Int J Pediatr Otorhinolaryngol,2008,72(9) .
1301-1309

Park HJ,Shaukat S,Liu XZ,et al. Origins and frequencies
of SLC26A4(PDS) mutations in east and south Asians:
global implications for the epidemiology of deafness[J]. J
Med Genet,2003,40(4) :242-248

Dai P,Stewart AK,Chebib F,et al. Distinct and novel
SLC26A4/Pendrin mutations in Chinese and U.S. Patients
with nonsyndromic hearing loss[J].
2009,38(3):281-290

Lai CC,Chiu CY,Shiao AS, et al. Analysis of the SLC26A4
gene in patients with Pendred syndrome in Taiwan [J].
Metabolism,2007,56(9) : 1279-1284

Wang QJ,Zhao YL,Rao SQ,et al. A distinct spectrum of
SLC26A4 mutations in patients with enlarged vestibular
aqueduct in China[J]. Clin Genet,2007,72(3):245-254
Wu CC,Chen PJ,Hsu CJ. Specificity of SLC26A4

Physiol Genomics,

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

mutations in the pathogenesis of inner ear malformations
[J]. Audiol Neurootol,2005,10(4) :234-242

Tsukamoto K,Suzuki H,Harada D,et al. Distribution and
of PDS(SLC26A4)mutations in Pendred

syndrome and nonsyndromic hearing loss associated with

frequencies
enlarged vestibular aqueduct: a unique spectrum of
mutations in Japanese[J]. Eur J Hum Genet,2003,11
(12):916-922

Lai R,Hu P,Zhu F,et al. Genetic diagnosis and cochlear
implantation for patients with nonsyndromic hearing loss
and enlarged vestibular aqueduct[J]. J Laryngol Otol,
2012,126(4):349-355

Jonard L, Niasme-Grare M,Bonnet C,et al. Screening of
SLC26A4,FOXI1 and KCNJ10 genes
hearing impairment with ipsilateral enlarged vestibular
aqueduct]J ]. Int J Pediatr Otorhinolaryngol,2010,74(9):
1049-1053

Cirello V,Bazzini C,Vezzoli V,et al.

functional

in unilateral

Molecular and
in  Pendred
Mol Cell

studies of 4 candidate loci
syndrome and nonsyndromic hearing loss[J].
Endocrinol ,2012,351(2) :342-350

Pera A, Villamar M, Vifiuela A,et al. A mutational analysis
of the SLC26A4 gene
families provides new insights into the genetic causes of
Pendred syndrome and DFNB4 hearing loss[J]. Eur J
Hum Genet,2008,16(8) :888-896

Blons H,Feldmann D,Duval V,et al.

SLC26A4 (PDS)gene in Pendred’s syndrome:a large

in Spanish hearing-impaired

Screening  of

spectrum of mutations in France and phenotypic
heterogeneity[J ]. Clin Genet,2004,66(4):333-340
Martins FT, Ramos PZ,Svidnicki MC, et al. Optimization
of simultaneous screening of the main mutations involved
in non-syndromic deafness using the TagMan Open
Array Genotyping Platform[J]. BMC Med Genet,2013,14;
112

Campbell C,Cucci RA,Prasad S, et al. Pendred syndrome,
DFNB4,and PDS/SLC26A4 identification of eight novel
mutations and possible genotype-phenotype correlations
[J]. Hum Mutat,2001,17(5):403-411

Pryor SP,Madeo AC,Reynolds JC,et al. SLC26A4/PDS
genotype-phenotype correlation in hearing loss with
enlargement of the vestibular aqueduct (EVA): evidence
that Pendred syndrome and non-syndromic EVA are
distinct clinical and genetic entities [J]. J Med Genet,
2005,42(2):159-165

Van Hauwe P,Everett LA, Coucke P,et al. Two frequent
missense mutations in Pendred syndrome[J]. Hum Mol

Genet,1998,7(7):1099-1104
[FEHHE] 2015-03-12



