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Abstract Objective: To explore the clinical signification of screening 16 target deafness mutations in GJB2,
GJB3, SLC26A4, WFSI1 and mitochondrial DNA 12S rRNA in 135 children patients with non-syndromic sensori-
neural hearing loss (NSHL) in Zibo City, Shandong province. Method: Peripheral blood samples of 135 subjects in
the study diagnosed as NSHL were collected; Polymerase chain reaction (PCR) and direct sequencing were used to
analyze the 16 mutation spots. Result:Sixty-two cases of 135 patients (45. 9%, 62/135) were found out to be car-
ries of at least one pathogenic gene mutation. Among them, 24 cases (17. 8%, 24/135) had two mutated alleles
(homozygote and compound heterozygote) , and 38 cases (28 1%, 38/135) were single mutant carriers. Among
all the children patients, 30 cases (22. 2%, 30/135) had SLLC26 A4 mutations, and 19 cases (14. 1%, 19/135) had
GJB2 mutations. In the study 86 Mutant alleles were detected, and the allele frequency of SLC26A4 c. 766_2A>G
and GJB2 c. 235delC was 11. 11%(30/270) and 8. 5% (23/270) ,respectively. The allele frequency of SLC26A4 c.
2168A>G and WFSI c. 2158A>G is 2. 6% (7/270). Conclusion: SLLC26 A4 mutation is the primary cause of the
patients with NSHL in this study, and GJB2 mutation is the secondary. The most common mutant form is
c. 766_2A>G of SLC26A4, and the second is c. 235delC of GJB2. GJB3 and WFS] mutations were detected,
whereas mtDNA mutations were not found out in this study.
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I8 S5 R AN [) F [H] 28 A8 76 AN [ (1) M XA R R
AT A ST AL 5T K I M
EPRESCIHM AR Z — B TAEES RS
o AL AE R ), N RE A AE A — SR X B Y
TR B =5 & 1 20 8 D 9 R, LA A s 1 F 5
Mr(E . ASHF 5T e i o i 3k L S T
R IX L IKFEEE BRI IRBRX LR 3 AN EH
PEAT 2 AR Ak, PR T B 5 35 IR 28 78 7 A T 4K
H ., GIB3 \WFEFS1 3 5 ASFE 16 AN k472
ARG 5 LA B i 3 4 T 3 R PR 2 AR 1 G ML X AT
P B EIR B T RS B IR,
1 #Ep5H%
1.1 Il Rk

AR 2009— 2012 4F T o0 BS B sk
LI AR LR A E R e vk R L 135 i, Horp I
72 6,4 63 Bl AR 6 N H ~12 %P 2.3 %,
M4 2 3% F WF 1 & B A 500, 1 000, 2 000 &
4000 Hzli ¥ Wy (3 7 Y8 35 17 W7 77 25 PP Ak Jo ik id
A EWWT 3 KA 9 4h LA ABR.40 Hz AERP #I
ASSR ZEA1 DLk PF Al WE 1 45 0 18 B0 . 1R Al i 4R
B35 £ LB SR RERE A R L A s L B 2
BRI s 25, AR A R = R w
TSR, A1 B R rp E R A R S B 1 2

THO Al R RS L LRI R R, %
MR HET PO ERAHEZE R SN IS
BILEI ANZS MR E A

1.2 ik

12,1 IFEREE SRAT A b AR ) B A R
O3 TV T I INRE SR B R RS 0 R A PR R A
B42,75% & WEAR 25 T B » FH R I A0 4R AR R g
71 A 1151 VA (L A N AR ) A R (=B A
2 i I % L 5F MR 2 SRR B BN I LR E BB
ILEE S 7R AR BT 5 CE — 20°C vKAR DR AT

1.2.2 JEH4] DNA 21 4B R 4 DNA
PR A & (AL B B AW E ARG R A A,
D M AE SR R R rh 4R HOEE PR ZH DNA ™ % %2 150
BB AT HRAE  DNA FEA B —20°C IR 17

1.2.3 5lyit 546 M b T 50 FA OGS
ik Primer3 BRI 514, 2L X 16 38 5 47 K
m, 4 5 2 mtDNAI12S rRNA m. 1494C > T,
m. 1555A>G,GJB2 c. 30_35del/insG, c. 235delC,
c. 299_300delAT . c. 176_191dell6,GJB3 c. 538C>
T.c.547G>A,SLC26A4 c. 1975G>C,c. 2027T>
A.c. 1174A>T . c. 1226G>A,c. 766 _2A>G(IVS
7 2A>G),c. 2168A>G, WFSI c. 2158A>G.c.
2596G>A. FI¥ A TAY TR CRE) B A R
NEEBLI TR 1,

1 BEEERRNCLISIMFIRBENEE

A L A5, 519 /751 KB /bp iB kIR B
mtDNA m. 1555A>G F.:AACCCTGATGAAGGCTACAAAGT 653 53°C
12s rRNA m. 1494C>T R: TCTTAGGTAGCTCGTCTGGTTTC
GJ]B2 c. 30_35del/insG
c. 235delC F.GTTTTGGTGAGGTTGTGTAAGAG 578 53°C
c. 299_300delAT R.GATGCTGCTTGTGTAGGTCCACC
c. 176_191del16
GJ]B3 c. 538C>T F.GGCTGTCCGTGGTGTTCGTCTT 718 53°C
R:AGCCCCTGTAGGACCTCTCCA
c. 547G>A F.GGCTGTCCGTGGTGTTCGTCTT 718 53°C
R:AGCCCCTGTAGGACCTCTCCA
WES1 c. 2158A>G F.CACGGCCATCGTGCTGTTCTGC 412 53°C
R:AATCTCAAACTTGTAGCGGTCGA
c. 2596G>A F: TCGAGTTCAGCACCATCCTGGA 404 53°C
R:ATTCAGAGTGGACAGAGCTACAC
SLC26A4 c. 1975G>C F:ACCAAGGAACAGTGTGTAGGTCT 536 53°C
R: TAAGTGGTGAAGCCAGTATCTCCC
c. 2027T>A F.: ACCAAGGAACAGTGTGTAGGTCT 536 53°C
R: TAAGTGGTGAAGCCAGTATCTCCC
c. 1174A>T F.CCACGCAGAGTAGGCATGGGAGT 380 53°C
R:GAGTGGAACAAGAGGAATAGGCCT
c. 1226G>A F.CCACGCAGAGTAGGCATGGGAGT 380 53°C
R:GAGTGGAACAAGAGGAATAGGCCT
c. IVS7_2 A>G F: AGACACAAAATCCCAGTCCCTAT 365 53°C
R: TGTTTCTTCAAGATCACACACAAA
c. 2168A>G F.GGTTGACTACGACCAGTTATGGGA 567 53°C
R.CTAGACTAGACTTGTGTAATGTTT
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1.2.4 PCR ¥ 3 K=y 30 pl &N HE R
35 :2 X Power Taqg PCR MasterMix (db 3% F #& 70
AP HEEARABRA D15 11,10 pmol/L 514145 1 pl,
ik DNA 1 ‘U.lyddHZO ) ‘U.10 PCR Wit T .
95° C TSP 5 min; 95 CAEME 40 s, 53°CiB Kk 30 s,
72°CHEAR 1 min, #E4T 30 NEH, FRiEAT 72°C ZEfif
10 min, i J5 4°CHAF . K PCR YIS0 H 19 A Bt
7E ABI 3130x1 P4 I B #2007 . 8 25 5 5 NCBI
B FR v F 51 (GIB2: NG_008358. 1; GJB3: NG__
008309, 1,SLC26A4: NG_008489. 1, WFS1:NG__
011700. 1, mtDNA: NC _012920. 1) £ Sequench-
erd. 9 AT T B b XF 40 AT o BH A 3k PR S8 AR A A5
2 &R
2.1 Wi Sy g 45

AR W 7 100k AR 1Y Gk B R sl
BE L Horb E RE T Ok 24 ], B R T e 111
i,
2.2 JL g AR KGN 45

7E 135 BldELR A AR R H 22 L, 62 4] 4 I
FER AR K R 45, 996 (62/135) » He v W45 {7 3
R A8 (2 & AR+ B A 26 =48 24 ], Ky iy %
17. 8%6(24/135) 5 38 A 46 I %] 1 A %5 {7 3 [H 2
A Ky % 28 1% (38/135), 30 6] & JL K Wl
SLC26A4 3 K 2 45 , K Hh R e i o~ 22 2% (30/
135); Hoyk J& GIB2 & A 2€ 48, 19 4] & JL &
GIB2 B g4, /& % 14 1% (19/135), 41
B AR G HE R 86 A, 5 AR A5 Ao ik R i R (5 AR 45
o0 3 DR B0/ %5 o 3k I B0 Sl 31 9% (86/270),
SLC26A4 c. 766 _2A>G B HR ¥ WK R, K
1L 1%(30/270); H ik &2 GIB2 c. 235delC % ¢
8 5%(23/270); SLC26A4 c. 2168A>G 1 WFSI
c. 2158A>G ¥ H B M s A8 K R (2 6%0) . &
ARG BE A e WLk 2,
2.2.1 GJB2 KRz 135 flH-ZH LA 2 4
c. 235delC/c. 299_300del AT B &2 &5 25757 #~

g, Horh 6 5] K c. 235del 4fi & 5451 5] Ky
. 299_300del AT &fi & 545 ;10 ] Sy B4~ GIB2 2%
G R HH P 9 B c. 235delC 2GR, 1
A c. 299_300del AT ¢ & 5848, ARKM H c. 30__
35del/insG F1 c. 176_191dell6 2745,
2.2.2 GJB3 HHZEA 7 135 R JLH AW 1
B . 538C>T i 5 845, 1 ] c. 547G>A 4i 5 %
A5, 3 ffi] c. 538C>T Ze&4e7s,
2.2.3 SLC26A4 REHEzZEA X izEERE 6 41
SLHEATARTI S B 11 ) AL A LA Ao 3 R g A,
15 B c. 766 —2A>G 4i A RAE 1 # c. 2027T>A
ali 2275, 3 #i c. 766_2A>G/c. 2168A>G & & ¢
A gEAR 1 ] c. 766 —2A>G/c. 1226G>A & & 74
A AR, 1 ] c. 2168A>G/c. 1226G>A E &+ 4
AR 19 BB L SLC26 A4 B 55 {0 JE R 58 4%,
Hr 16 fi] c. 766 _2A > G Z: & % A%, 3
c. 2168A>GHRE A, KK H c. 1975G>C HI
c. 1174A>T 5845,
2.2.4 WFSI B4 7 135 Fil LA I H
8 f5il WESIT i [H 278 , Horfr 2 i 4 c. 2158A>G/c.
2596G>A B A IARE 5 Bl c. 2158A>G 2
G R, 1 HIR . 2596G>A G R,
2.2.5 mtDNA12S rRNA B:HRA  ARHRKEH
m. 1494C>T il m. 1555A>G %745,
3 iTFig

Har, B &b th 46 A HE 25 & 1F 89 58t % 1 B
Z 3 [N (http://hereditaryhearingloss org/) . 7£ iX
S HEZIL N p A RN I GIB2 BLH HA 2 A~k
WL gmAS 5 1A 681 AN XS, B4 A GIB2
LR G AR A A 220 24 A 5L R ARt an
TMIC 3EH , & F A 314 551 AW FEXS, FH 24
AN T S IX A AE 5~24 4B T mRNA &
3201 A~ Hd I X, B4 B R AL A 20 24,
A I, 7E AR 22 (1) B #3235 R S 28 A8 A7 4 vh o B A R 2
B2 I DA B v 1 58 A8 BE M R M R R Ho s AR X

F2 IBHEFAUEREZEIIERNRTEMEFRESIT

HF RAEZR HAER YA v EF K 5 B R R
GJB2 c. 235delC AT 23 8.52
¢. 299_300del AT AT 5 1.85
GJB3 ¢.538C>T p. R180X 5 1.85
c. 547G>A p. E183K 2 0.74
SLC26 A4 c. 1226G>A p. R4109H 2 0.74
. 766_2A>G(IVS7_2A>G) By R A 30 11.11
. 2027T>A p. L676Q 2 0.74
c. 2168A>G p. H723R 7 2.59
WES1 . 2158A>G p. 1720V 7 2.59
. 2596G>A p. D866N 3 1.11




© 322 - Il PR - 5 MR e S AP B A 2

%29 %

W Ay T B, B — 8 A 98 AR 6 AT T R M b AT RS
W DL 2 0%, 19 A9 A, IF HOR AT g b 3R 15 48
PR I P A 238 BRAS X A S AR T B R 5 AR 1Y i
TR Ao . BT B4 3R8 BF 98 9 K}, AN
F2 BEE X N R R HE AT UL B S R 5 AR i HE
JFTAEY . BE4H 8 NHEEK(GJB2,.SLC26A4,
WFS1, OTOF., MT-RNR1., TECTA. COCH,
POUSF4) i H F I R JF J& 38t 1% v B 2 09 L 12
Wro 34K, 3R E 2 H 4% GJB2,SLC26A4 14k
Bk DNA A1555G RAEfEHR E AR 1T T
AR AM A F AT W E MRS, AR T O R
ROV RIER E A E R F R RATE M,
[ JF & 1 B 2 3 PR o8 AR R e Roml DL GIB2,
GJB3 . MT-RNR1.SLC26A4 P44~ %k B & %f rp [ A
FER UL 9 A2 AR N S HEAT A DU, IF 4R A5 B K&
2 W B R R0 W kN IE Chttp://
www. capitalbio. com/zh-hans ), 2% 78 & W X
42. 114 0 AT — SRR T InA B LA 5% 5
2 B R 2 78 K I 5 %, A BT 5 4 A 0 7 i 384 2] 5
AL 16 A7 . AR K K F] 45, 9%,

155 [ LM RO A Je B8], 30 Y6 ~ 50 %%
P A R AR £ A A BT 4R R A R T GIB2 g
N g AR AP g, o B AN BEAR T X A 8, o 15% ~
20297, c. 35delG 7E BR 36 1 5 in 28 A Fh ep o e
A GIB2 BRI AR (R 70 %65 . R GIB2 JE K %
A FATIR R GOk, AR BF 2T % GIB2 3 A A b [ ORE
T UL 4 S R AT AR R I, i — 2B E S
c. 235delCh f # WL iy 22 A B 20, Hk J& . 299
300delAT, AHFFE A KW F] c. 30_35del/insG
F c.176_191dell6 248 , AT TN N 5 0F 78 X 4
HIAS A G, A AR LR S IR R B 22 AR Lok A 3R
B ZR BTSRRI A O A IS R,
FE MR DL . N AR 2, B 5k P 58 48 78 AN [R) Hh
HORGHAE - EER KEAILBXEERE
GIB2 BL A 28 48 3 A & R A Fh LA N BE 1) ¢
ST BRI A R R PR 2 AR A ARG T O e kR PR
R I K 2 R R Y S B 1 O AR B AN R X
S N T A A R 1) 5 A ARG 5 s

GIB3 & [H i 3% [ R} 2 R B 580 A6 Wi L — A~
HEZRZPFLEIFWAM T 2 004 c. 538C>T,
c. 547G>AZ AR T BUR e a0k i M st A% AR 2R B
R, b AT 25 R B A0 2 43 6 50 1 A
200 i 9E 25 A 1E B B8 R 3 AT GIB3 3 A 28 AR
DU 87 A ARG 3] 3¢ 2 AN A R AR R R AR S R A 5
i LAy GIB3 LR 2848, Horf ¢, 538C>T 4%
£ AR IL B 1 85 % (5/270) . 3% Pd B AT A 4 2
R EAESG A A # R A DT 2 DS

EHEANF PO KB, 4 SLC26A4 F A

RABATE S KEY KEEEBREETEPHE
HERE K 1% ~8%7, SLC26A4 X AA 21 4
AT, HATE R IE 1 2828 JE K 200 4 Fh, S A
TEBRANE F 20 DAAMR A W F 17 L ERR L B A
BERYBFFE . 707T>C(p. L236P) . c. 1246A>C
(p. TA16P) 1 c. IVS8+1G>A B /% WLy 3 42
AL, M AE H AR E, UL e 2168A>G
(p. H723R) e S WL ' AR 9 B P i B 2 Wt
SR R RE KA AR R AT SLC26 A4 Bk PR 28 A5 K6 I 11
GERSD RBESY e SLC26A4 L 6 A 5 iE
T ZRAS KM, % B SLC26A4 K& [H 58 48 K ) 2 3k 5|
22. 2% (30/135), # i GJB2 3 [H %€ 48 & Yy K
(14, 1%, B R 28 A8 46 Y 2R o vy A HE R B IR, v,
WAENM FFRA (MG RAEME A RERDKH
8 15%(11/135),c. 766-2A>G (IVS7T-2A>G)
S LRI AR 3k 11, 11%6(30/270) . AHFSTE 135 4
BILAEHEAT T SLC26A4 FH 6 A58 45 v 5 1 K
D AR A 4230 5 R EAT 300 CT oA il 2 3R 1% 5%
1524 KA . SLC26 Ad 3k [H 58 28 K ) BH 1 2 A58 4
BILIEAT TR F K A, [ Ik, 36 75 Z 5 SLC26A4
J R 5 AR A H PH v B 5 L B B B 1 R A T 4
T 52 R % % Ih IR % kb, i — 25 IR A BF 5
SLC26 A4 FE[H 58 48 558 A5 4 W J7 2% & A 45 1 55
i A 32 BRI AH IV 56 &R .

H §i %t 28 %7 & DNA 12S rRNA m. 1555A>G
SRARLE TR M FATIE L B A P W A (0 IA I, — T
XTI 14913 637 4 )L m. 1555A>G 3% 5k 7 7
TR 18 B AE LK m. 1555A>G 5245, i %
90 12% (18/14913)%% , JI 4 7E 3k [ 3k 25 & 1iF AU
H&EBH DT m. 1555A>G 2848 BF 5% 14 SCHik %
B R m. 1555A >G R H E R 0. 67% ~
14, 626 B & 78 A BF 55 1 % A K Wl mtDNA12S
rRNA m. 1494C>T F1 m. 1555A>G, KA1 ¥r
INH,— T SIS sk 22 A s 55—
10 5 0F 58 1 B HLAT G, P34l m. 1555A>G Jf
ANHESBUCHE, L ag SCH Y 18 i 1555A>G
SEAR PHME B AE LI W 19 2 . m. 1555A>G %
7 Py 5 0t R I 2P AR U, 2 N R b
WA AERF RS FHEBRLMR, EH EEHIN
B E AL, DI BE Y TAE N B R KA B 42 5, &
FAE R YA R S BN AR LR B E BB 20 D, AR B
FE S AE T AF 58 LAY 5 B DAFE AR 4 AR 25 A fF B 8 L p
B R B % 2 AR SRR AR 58 AR A L RR IR ) B
WAL 72, H AT B m. 1555A>G 5845 #B 2 1 i
P G L aX S e A TR A A A0 M 2Ok 1A P9 Y 28 AR
it WAL B AR Y B R B — R AR . B
WEHRE - TBRRKORABE, 5 - NBIEHEYE
J& > B 5 SR WA T A AR e UE
o Mo HAF 25 (R BT A TR L v e il 2 1 i A AR
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SEWWIRRAL ., BAEFERENRP AR ESRE
Hiu ) S5 ARAL 3 AN 35006 R A8 R 1AL E A, NSRBI R
A2 Y (0 44 58 A8 IR A 3 3k 38t A% % 012 W T 2% 1k 9] e
R, MH #EHFZREHA - ESFHEER
. BT B IR R R R, Ak, R KRR
T A R IV e AL 5 AR AN A R

WEFST #H 2848 1] L 380 Wollram £E & 1 K
AR i 2 PR B B R A — SR R g, H AT E
KM WES1 BLH 2484 200 x#p, B 42 ¥ WESL
c.424_425ins16 Fl c. 1362_1377del16 WA 55 28
AR W R F Worfram £5 & fiE AR5 S & #2814
FRIG RIS W . T 2% S 0 7 T b 2800 B R
HMRAZBZE PRI EF c. 2158A>G (p. 1720V) F1
. 2596G=>A(p. D866N) 5 4171 | 7k fff 5% 1k, &I 15
A 25 A F 80 B 22 2L b RS I A A 2 AR 1 AT 1
a5 BoR A 8 B B OL A I Y 2 AR, KRGk
5. 9%(8/135), #t—aHrix 8 Bk AL L &1
RUH 22 L AR I8 3/ s o3k e A 3 I Wy, B &
SFERD B 355 e A A O R RS M L E
ST EERE VTR, LAk — 25 5% WEFST 5L R 58 48
HEILWT IR BRI R,

H i W 1 PR 8t % M B 45 358 DX 12 7 1 A T
AR FEA = K3 .DNA WP 3L H A faE e
sE i PCR, X 86 R AR AEFE G I L 4545 10k 4, 1%
4t Sanger W J3 3 14 o 0ff B o s o 2 2 DR AS: DU 1) 4
Frife ; 96 | PCR R Z 3 A e fik. 4ead 40
AR R SR I 5E 3 , Sanger I ¥ V5 & kS 0 00 7 125
HBTA N Ehp e . WA EE .
P i PCR o S B, 7 6 RS | T DNA U5
DA . FE RS B A aE O B PCR O Bk 4,
MIETER N "BHHARSE”. EREKLINANE
HUT 5 0 R AF (AT BR A A8 52D o TR J3E I ) 19
W, AT ER -DIFRARR”. B AMAE T M
FHBE B RE T AT I & T R F 2O o i
PCR AR . seAh 30 4F Sk 5 — A )y e AR AT AR
RIEIFEGR TN, B EERE . EEE KW
P AH R B T AF A — 26 fa) 1 - I P 45 5 AT 3k
5K B0 7 2 AR L E AR HE T A O B B A S
9 140 RH DG 1 5 T 45 SRV A 8 — 1Y IO i 4 o A T
3 PR A1 B 1) R R R B0 B A ) A ) &
AFAE T A A1 B P 155 200 508 43 A T PN 25 473 75 4% 8 T
FE R AR BEAT B 0E s H R a oz A AR F RS, 28
TF 5 2 38 1% 00 3 BT 7 B9 s 30 4 %k I R 1 FH % A
FEAT TIN5 S B R T I R 4 T
W, B, X F B DL 8 AL e B2 O R K
W, A% 255 36 BRI 475 5L A 48 8 1) 1 FH A 1L

L LR IRE AN DR RE 52 2% 5 X
AT HE B T A 7 1 B 52 356 PR 5 A0 &G T 5 s » ol
55 R 2 7 a5, DUER & B S R AR K R

AEFTUATESr 7K EI w2 . 45 7B E MK

T B B AR AT 5 8 A% R S S (R I SE AT LA

FHOCHR Tl 2 5 BB R B 2 00 R iRt =%

AW FE L R T8 v DB XS 2 B LT 5 M H

FHRED 16 WAL sl 2 A8 K, Sz Bk T i b IX R G

TE ) - 3 50 3 e D R AR AT R O BT — i Y L B

Ja BRAME: DRI i 5 A AN (] b s, A [) AR 2R AT 5

Iz B ESE » LA SE o0 8 7 B2 ik TR 58 AR Wi AT o A

2

S % Lk
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Analysis the treatment of sudden sensorineural hearing loss

with steroid from different administration routes
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Abstract

Objective: To explore the treatment of sudden sensorineural hearing loss with steroid from different

administration routes. Method: One hundred and eighty-eight patients with diagnosis of sudden sensorineural hear-

ing loss were selected, in accordance with the random number table, and all patientswere divided into three

groups. With different administration routes, they were devided into systemic steroid therapy group, intratympan-

icsteroid therapygroup and postauricularsteroid therapygroup,and the curative effects were collected and analyzed.

Result: The total effective rate was 78 26% in systemic steroid therapy group, 80. 70% in intratympanicsteroid

therapy group and 80. 65% in postauricularsteroid therapy group,and no statistical difference was detected among

these three groups(P>>0. 05). Conclusion: The treatment of sudden sensorineural hearing loss with steroid from

different adminsthation routes all can achieve a relatively favorable prognosis,and there were no obvious different

among those different treatments.
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